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Abstract

A large number of human diseases are related
to poor access to water and sewer systems, inad-
equate solid waste management and deficient
storm water drainage. The goal of this study
was to formulate environmental sanitation in-
dicators and classify sanitation conditions in
specific sewer basins and their respective neigh-
borhoods. The database used contains informa-
tion on the following sanitation components in
these areas: water supply, sewer systems, urban
drainage, road pavement, building typology
and public cleaning. Data was analyzed using
cluster analysis. The key variable of each compo-
nent was identified, and eight sewer basins and
twenty-three neighborhoods were classified into
the following categories: good, regular, and poor.
The use of environmental sanitation indicators
allows decision makers to identify critical areas
and define priorities for improving environmen-
tal sanitation conditions.
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Resumo

Vdrias patologias que acometem os seres huma-
nos estao ligadas a deficiéncia de acesso a dgua
e servigos de esgotamento sanitdrio, inadequado
manejo de residuos solidos e deficiéncia do siste-
ma de drenagem das dguas pluviais. Este estudo
buscou desenvolver indicadores sanitdrio am-
bientais e classificar dreas intraurbanas. Utili-
zou-se uma base de dados contendo informagcées
sobre: abastecimento de dgua, sistema de esgoto,
drenagem e limpeza urbana, pavimentagdao e ti-
pologia construtiva referentes a bacias de esgo-
tamento sanitdrio e dreas sentinela. Foi aplicada
a técnica de analise de cluster. Identificou-se a
varidvel que melhor representava cada compo-
nente, e oito bacias de esgotamento e vinte e trés
dreas sentinelas foram classificadas em trés ca-
tegorias: boa, regular e insatisfatoria. O uso de
indicador sanitdrio ambiental permitiu a iden-
tificagdo de dreas criticas e o estabelecimento de
prioridades de investimentos para as melhorias
sanitdrio ambientais.

Indicadores Ambientais; Saneamento; Satide
Ambiental
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Introduction

The evaluation of urban environmental quali-
ty is a challenging task for those involved in the
environmental health field. The formulation
of environmental indicators is fundamental to
the assessment of environmental quality; thus
environmental indicators are crucial to the for-
mulation and implementation of public policies.
Studies show that the provision of adequate ba-
sic sanitation services (a safe water supply and
solid waste, sewage and stormwater manage-
ment) plays a crucial role in public health 1.2 and
is paramount to improving people’s health and
quality of life. The consideration of heterogeneity
between urban areas through the identification
of “intra-urban differentials” is also essential to
the assessment process.

A United Nations report 3 highlights increas-
ing urbanization and associated environmental
problems in several countries throughout the
world. A report recently published in Brazil eval-
uates compliance with the Millennium Develop-
ment Goals (MDGs), including target 7 (Ensuring
Environmental Sustainability) and goals 10 to
14 which address issues related to basic sanita-
tion. The report highlights: “Another important
challenge is to improve the quantity and quality of
evaluations of policies and programs and the exist-
ing information on housing conditions and sani-
tation in Brazil, since the sources available from
the National Household Sample Survey and Census
provide limited information about these issues” 4.
Poor basic sanitation and housing conditions are
an environmental risk to human health and over-
coming this problem is a major challenge, espe-
cially in developing countries that seek to meet the
development goals contemplated in the Millen-
nium Declaration 5.

The formulation of environmental sanitation
indicators and the identification of intra-urban
differentials are essential to achieving the Millen-
nium Goals. Furthermore, these indicators are
extremely useful environmental and epidemio-
logical surveillance tools and an important input
to guide resource allocation plans and programs.

Several environmental risk factors may con-
tribute to the occurrence of diseases and disorders
in human populations 2:6. Pruss-Ustun and Cor-
valdn 2 estimated that around 24% of worldwide
illnesses can be traced back to environmental
risk factors. The authors observed that 85 out of
the 102 major diseases and injuries classified by
the World Health Organization (WHO) in a report
published in 2004 can be attributed to environ-
mental risk factors. In particular, an estimated
94% of the incidence of diarrhea is attributable
to environmental factors.
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Epidemiological studies indicate that inci-
dence rates of waterborne diseases such as diar-
rhea 7, cholera 8, hepatitis 9, intestinal parasites 10
and typhoid fever are highest in urban locations
characterized by low or insufficient coverage of
basic sanitation services 11, 12,

The present study is part of a series of stud-
ies developed under the Epidemiological Impact
Assessment of the Todos os Santos Bay Environ-
mental Sanitation Program (the Bahia Azul Pro-
gram), a government program that focused on
extending the sewer network funded by the Inter-
American Development Bank and implemented
by the Bahia State Water and Sanitation Com-
pany (EMBASA). The present study comprises a
subproject implemented during the Bahia Azul
Program monitoring process to evaluate its en-
vironmental impact using environmental sanita-
tion variables. One of the goals of the study was
to assess intra-urban differentials through the
classification of sanitation conditions in specific
sewer basins and their respective neighborhoods
located in the capital of the State of Bahia, Sal-
vador. The study also carried out a quantitative
analysis of the environmental sanitation compo-
nents using a reduced number of variables and a
low cost and simple methodology.

The Bahia Azul Program’s limited resources
were invested, as a priority, in areas with the
poorest sanitation conditions and the environ-
mental and health impacts were monitored by
the Program. Results show that the prevalence
of diarrhea fell by 21% (95%CI: 18%-25%), from
9.2 days per child-year before the intervention
(95%CI: 9.0-9.5), to 7.3 (95%CI: 7.0-7.5) days per
child-year after program completion. After ad-
justment for baseline sewer coverage and poten-
tial confounding variables, the overall reduction
in prevalence was 22% (95%CI: 19%-26%) 7.

Although a number of studies have focused
on the formulation of indicators of intra-urban
differentials 13, a need for further research to as-
sess intra-urban environmental quality associ-
ated with sanitation conditions has been high-
lighted 13,14,

No similar approaches to defining environ-
mental indicators were found in the literature.
The environmental indicators described by this
study allow intra-urban differentials to be detect-
ed with the use of primary data, thus facilitating
the assessment of the impacts of sanitation pro-
grams in medium-sized cities. This study has the
following specific objectives: (a) formulate envi-
ronmental sanitation indicators; (b) identify the
distinguishing variable for each environmental
sanitation component; (c) classify sanitation con-
ditions in intra-urban areas; (d) identify priority
areas for intervention and resource allocation.



Materials and methods

Located in the Northeastern region of Brazil, Sal-
vador is the capital of the State of Bahia. Its 2.6
million inhabitants are exposed to health prob-
lems that are typical of large metropolitan areas.
It is likely that the improvement in water supply
made in the 1980s and 1990s (by 1997 over 90% of
the city’s households had access to piped water)
had an effect on early childhood diarrhea (chil-
dren up three years of age); however baseline
data for the period before these improvements
were made does not exist. A longitudinal study
carried out in 1997 showed that the prevalence
of childhood diarrhea was 9.2 days per child-
year 7. Before 1997 approximately 26% of house-
holds were connected to a safe sewer system,
while the remaining population used sanitary
alternatives (such as septic tanks) or unsanitary
methods (such as discharging their sewage into
the street). As a result, a large scale sanitation
program called Bahia Azul (“Blue Bay”) was
initiated in 1997 with the goal of increasing the
proportion of the population connected to an
adequate sewer system from 26% to 80%.

The original goal of the sanitation project
was to control marine pollution largely caused
by the discharge of domestic wastewater into the
ocean. Around half of the total budget of US$440
million, funded mainly by the Inter-American
Development Bank, was earmarked for extend-
ing the sewer network in Salvador and ten small-
er towns in the State of Bahia. Investments were
also made in improvements to water supply and
solid waste management and in institutional ca-
pacity building. Construction work was execut-
ed by 140 different construction companies and
the largest contract amounted to 20% of the total
budget. In Salvador, the construction works were
carried out over a period of eight years (between
1996 and 2004) and consisted of more than
2,000km of sewer pipes and 86 pumping stations,
and the connection of more than 300,000 house-
holds to the sewer network. Heavy engineering
work, such as laying sewer pipes and building
pumping stations, was undertaken during the
initial phase of the project. Since household con-
nections were made during a later phase, very
few connections to the sewer system were made
before the end of the first cohort study.

An evaluation study consisting of two lon-
gitudinal studies 7 was conducted to assess the
epidemiological impact of the program. Study
and design and sampling have been described in
detail by other authors 7.15,16.

Ethical approval was granted by the Research
Ethics Committee of the Institute of Collective
Health of the Federal University of Bahia (ISC/
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UFBA). Written informed consent was obtained
from study participants.

A separate study comprising of two cross-
sectional investigations was conducted to evalu-
ate the environmental impact of the interven-
tion. Environmental research was conducted in
three stages. The first stage consisted of a survey
of 1,225 street sections between September 1997
and February 1998 before the beginning of the
Bahia Azul Program. The second stage included
973 street sections and was carried out between
August 2000 and January 2001 during the imple-
mentation of the program. The third phase in-
cluded 1,070 street sections and was performed
between October 2003 and March 2004 after
completion of the program.

Description of the environmental sanitation
components and study variables

The environmental assessment of basic sanita-
tion components in the study areas was carried
out between August 2000 and January 2001. The
unit of analysis was the “street section” where the
children enrolled in the epidemiological study
lived, which consisted of a 100m long street sec-
tion in front of the children’s homes. A total of 973
street sections were visited. Information on in-
frastructure, the sanitation system, land use and
building typology was collected for each street
section 15. Data collection methods and the pro-
cedures followed to ensure quality of fieldwork are
described in detail by Rego et al. 15.

This study uses data from the Epidemiologi-
cal Impact Assessment of the Bahia Azul Pro-
gram (PAIE-BA) collected in 2000 by ISC/UFBA.
The database contains information on environ-
mental sanitation components by street section
in eight sewerage basins and 23 neighborhoods.

The street sections were identified and
grouped according to their sanitation compo-
nents (water supply, sewer system, urban drain-
age, road pavement, public cleaning services and
building typology). The environmental sanitation
components and the respective variables and
categories are described in Table 1. The catego-
ries include a reference category (RC) defined by
the researchers as the most desirable condition
for each variable.

Statistical technique

Cluster analysis was used to analyze data. This
technique is commonly used to group similar el-
ements or entities according to a set of variables
using a matrix of n cases or elements (matrix
rows) and p variables (matrix columns) that rep-
resent the characteristics of the elements chosen
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Table 1

Environmental sanitation components and variables assessed in the street sections. Salvador, Bahia State, Brazil, 2000.

Components Variables

Categories

Water supply Type of supply

Condition of network

Frequency of service

Drainage system Stormwater runoff

Type of drainage system

Condition of Drainage system

Existence/operation

Sewer system Status of sewer

Condition of sewer

Operational condition of sewer

Condition of Manholes

Urban cleaning Collection type

service

Collection frequency

Existence of garbage point

Existence of debris point

Partially public network (presence of water well and/or gato * and/or public tap)
Exclusively public network (RC)
Network with problems
Network with no problems, in apparently good condition (RC)
3 to 4 times a week
Everyday
24 hours a day (RC)

Risk occurrence (more than one risk: stormwater floods the street, some or all homes; floods
part of the street and some homes; floods only the street; presence of puddles and holes in the
street, risk of landslides)

No risk occurrence (RC)

Non-existent
Concrete cascade drain or other
Storm sewer
Channel and gutter (RC)

Non-existent
Network with problems (more than one risk: stormwater floods the street, some or all homes;
floods part of the street and some homes; floods only the street; presence of puddles and holes
in the street, risk of landslides)

Network with no problems and in apparently good condition (RC)
Non-existent
Network out-of-service
Network operating (Bahia Azul and others) (RC)

Non-existent
Another network other than the Bahia Azul
Another network other than the Bahia Azul + Bahia Azul network
Only Bahia Azul network (RC)

Non-existent
Network with problems
Network in apparently good condition (RC)

Non-existent
Bahia Azul network out-of-service
Network operating (Bahia Azul and others) (RC)

Manholes non-existent and/or manholes with problems
Manholes in apparently good condition (RC)

Non-existent
Stationary collecting points and/or dumpers
Door-to-door/garbage truck/compactor/alternative (RC)
Non-existent
Existent, but irregular
Daily collection (RC)

Existent
Non-existent (RC)

Existent
Non-existent (RC)

(continues)
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Table 1 (continued)
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Components Variables

Categories

Building typology Housing type

Type of construction

Type of occupation

Paving Road pavement typology

Type of sidewalk

Adequate (cement or concrete surface, cobbles, gravel, Portuguese stone, asphalt, granite) (RC)

Horizontal 1 floor

Horizontal 1 and/or 2 or more floors

Vertical low and high template and combinations (RC)
Precarious (mud, wood, clay, straw, stilt homes and homes with or without brick/block structure)
Intermediate (plastered brick/block structure, with partial coating, pre-fabricated)

Good (brick/block plastered with coating) (RC)

At the bottom of a hill
On a slope
On a plateau/ridge (RC)

Inadequate (gravel, earth, soil, sand or a combination)
Adequate (cement or concrete surface, cobbles, mortar, cement)

More appropriate (asphalt and paving stones) (RC)

Inadequate (non-existent, unpaved)

Partially adequate (dusty track, sand or a combination)

RC: reference category.

* Gato is a popular term meaning an illegal unpaid connection to the water supply service.

to measure level of similarity. Level of similarity
is based on the distance between the elements;
if the distance between two elements is zero they
are considered identical and belong to the same
category. A commonly used measure of similar-
ity is the Euclidean distance 17. This measure was
used by this study to determine the distance be-
tween pairs of street sections for six environmen-
tal sanitation components, each with a specific
number of variables. For example, for a compo-
nent made up of three binary variables X;, X, and
X3, the average Euclidian distance between the
street sections A and B is calculated using the fol-
lowing equation:

1 p
d(AB) = [T L&A - Xi(B”Z] ),

where p is the number of variables (p = 3 in this
case) and d (A,B) is a real number. The distance
between pairs of elements is usually expressed as
an n x n symmetric matrix.

When a variable has more than two catego-
ries the usual procedure is to transform these
variables into binary variables by creating ficti-
tious variables 17. Thus, three binary variables
are needed to represent a variable with three
categories.

The average linkage method was used to
group the distances between street sections. The
results of the cluster analysis are generally rep-
resented in a tree-like diagram called a dendro-
gram. Genuine cluster groups are identified by
“cutting” the dendrogram at a certain level sub-
jectively chosen by visual examination 17.

Data analysis

Initially, a descriptive and exploratory analysis
of the dataset was performed for each variable
shown in Table 1. Cluster analysis was used to
group and classify the sewer basins and neigh-
borhoods. Indicators were formulated by com-
pleting the following steps during analysis: (1)
transformation of variables; (2) clustering of
street sections; (3) identification of the distin-
guishing variable for each component; (4) clas-
sification of sanitation conditions in the sewer
basins and neighborhoods by component; and
(5) general classification of sanitation conditions
in the sewer basins and neighborhoods.

In step one, the variables that had more than
two categories were transformed into binary
variables. For example, the variable frequency of
service has three categories (three to four times
a week, everyday, and 24 hours a day). Each cat-
egory was converted into a binary variable in
which the value one (1) means that the charac-
teristic is present and the value zero (0) means
that the characteristic is absent 17. For example,
let X3, X, and X; represent three to four times a
week, everyday and 24 hours a day, respectively.
In the case that the frequency of water supply in
street A is 24 hours aday, X3=0,X,=0,X5=1.

In step two, cluster analysis was used to group
the 973 street sections according to each envi-
ronmental sanitation component by neighbor-
hood and basin. For instance, the variables type
of supply (X,), general condition of the network
(X,), and frequency of service, the latter men-
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tioned above and reclassified into three binary
variables (X3, X, and X;5), were used to group the
973 street sections according to the water supply
component. Equation 1 was used to calculate
the distances between pairs of street sections
considering the five variables X, X,, X3, X, and X5
(p =5) and the average linkage method was used
to group these distances into three categories
(1, 2 and 3). The SPSS version 13.0 software was
used for statistical analysis (SPSS Inc., Chicago,
USA).

In step three, each resulting cluster (1, 2 and
3) was identified according to its main charac-
teristic based on a descriptive analysis of each
environmental sanitation component. Compar-
ing the characteristics of the clusters (1, 2 and 3)
it was possible to note that the main difference
was attributed to a single variable in each com-
ponent. This variable was therefore considered
the distinguishing variable for each component.

In step four a classification of neighbor-
hoods and basins by component was produced
based on the distinguished variable defined in
step three. To this end, the reference cathegories
shown in Table 1 were used. The sewer basins
and neighborhoods were classified based on the
percentage of street sections with the given char-
acteristic as follows: 0 to 33.3% = poor; 33.4 to
66.6% = regular; 66.7 to 100% = good.

These classification criteria were employed
since they were considered to be the most objec-
tive, coherent and accessible.

In step 5, an overall classification of sanita-
tion conditions in the sewer basins and neigh-
borhoods was carried out based on the average
percentage of all sanitation components as fol-
lows: 0 to 33.3% = poor; 33.4 to 66.6% = regular;
66.7 to 100% = good.

Results

Table 2 shows the results of the cluster analysis
carried out in step 2 for the water supply compo-
nent. It can be observed that in the Armacao and
Paripe Basins 73 (78.5%) and 5 (4%) of the street
sections, respectively, were classified as cluster 2,
showing heterogeneity between sewer basins.
Table 3 shows the main characteristics of the
environmental sanitation components for each
cluster. With respect to water supply, 92.1% of
street sections (n= 429) in cluster 1 benefited
from an exclusively public network, in 72.7% of
sections the network had no problems and were
in apparently good condition, and in 100% of
sections the frequency of the service was every
day. In cluster 2, 95.5% of street sections (n = 330)
benefited from an exclusively public network,
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in 81.2% of sections the network had no prob-
lems and was in apparently in good condition,
and in 100% of sections the frequency of service
was 24 hours a day. Finally, in cluster 3, 79.9%
of street sections (n = 214) benefited from an
exclusively public network, in 64% of sections
the network had no problems and was in appar-
ently good condition, and in 100% of sections
the frequency of service was three to four times
a week. A comparison of the characteristics of
the clusters shows that the main difference was
due to the variable frequency of service. It can
therefore be concluded that frequency of service
is the key variable that explains the difference
between clusters for the water supply compo-
nent. In other words, the variable frequency of
service is the key variable that discriminates be-
tween clusters.

The sewer basins and neighborhoods were
classified as poor, regular and good based on the
percentage of street sections receiving water 24
hours a day (reference category); thus, the street
sections in each cluster were labeled as follows:
cluster 1 = “water every day”; cluster 2 = “water 24
hours a day”; and cluster 3 = “water three to four
times a week”.

Table 3 summarizes the results of the cluster
analysis for all components, from which it is pos-
sible to identify the distinguishing variable for
each component and main characteristic. With
regard to water supply, frequency of service stood
out in the statistical analysis as the key variable
and the reference category was a 24-hour a day
water supply.

Table 4 presents the results of the classifica-
tion of the sewer basins and neighborhoods in
Salvador using the steps described above. It can
be observed that the best ranked sewer basin was
the Armacao Basin, where 71% of street sections
were classified as having good services. Service
provision was classified as regular in the Médio
Camurujipe, Lobato and Calafate sewer basins,
where 34.7 to 43.2% of street sections were classi-
fied as having good services. In the Mangabeira,
Cobre, Periperi and Paripe sewer basins service
provision was classified as poor with around only
27% of street sections being classified as having
good services.

Withrespect to individual neighborhoods, Ta-
ble 4 shows that service provision was classified
as good in areas 571 and 575 since 71% of street
sections had good services. In areas 322, 327, 330,
208, 204, 263, 323 and 961 service provision was
considered regular, whereas areas 118, 205, 672,
677, 678, 191, 962, 1011, 1025, 1026, 1054, 1057
and 1072 were classified as poor.

Table 4 allows the comparison of sewer ba-
sins and neighborhoods by component. In the



ENVIRONMENTAL INDICATORS OF INTRA-URBAN HETEREROGENEITY 1179

Table 2

Classification of basins and neighborhoods according to the results of the cluster analysis for the water supply component.

Neighborhoods/Basins Water supply cluster Total of
1 2 3 street
n % n % n % sections
Armagéao
571 10 12.8 66 84.6 2 2.6 78
575 1 6.7 7 46.7 7 46.7 15
Total 11 11.8 73 78.5 9 9.7 93
Médio Camurujipe
322 30 48.4 31 50.0 1 1.6 62
327 19 32.2 39 66.1 1 1.7 59
330 30 57.7 18 34.6 4 7.7 52
Total 79 45.7 88 50.9 6 3.5 173
Lobato
118 9 52.9 4 23.5 4 23.5 17
205 19 57.6 8 24.2 6 18.2 33
208 10 20.8 35 72.9 3 6.3 48
Total 38 38.8 47 48.0 13 13.3 98
Calafate
204 20 43.5 25 54.3 1 2.2 46
263 21 58.3 15 417 0 0.0 36
323 22 50.0 16 36.4 6 13.6 44
Total 63 50.0 56 44.4 7 5.6 126
Mangabeira
672 31 55.4 20 35.7 5 8.9 56
677 25 62.5 10 25.0 5 12.5 40
678 28 60.9 13 28.3 5 10.9 46
Total 84 59.2 43 30.3 15 10.6 142
Cobre
191 18 78.3 0 0.0 5 21.7 23
961 11 47.8 0 0.0 12 52.2 23
962 20 40.4 10 22.2 15 33.3 45
Total 49 53.8 10 11.0 35 35.2 91
Periperi
1011 34 58.6 3 5.2 21 36.2 58
1025 9 25.0 5 13.9 22 61.1 36
1026 10 33.3 0 0.0 21 66.7 30
Total 53 42.7 8 6.5 63 50.8 124
Paripe
1054 18 39.1 0 0.0 28 60.9 46
1057 30 62.5 5 10.4 13 271 48
1072 4 12.5 0 0.0 28 87.5 32
Total 52 41.3 5 4.0 69 54.8 126
Total number of street 429 330 214 973
sections
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Table 3

Main characteristics of environmental sanitation components by cluster.

Cluster n % Variables n % Main characteristics
Water supply 1 429 441 Type of supply 395 92.1 Exclusively public network
Condition of network 312 72.7 Network with no problems and in
apparently good condition
Frequency of service 429 100.0 Everyday
2 330 33.9 Type of supply 315 95.5 Exclusively public network
Condition of network 268 81.2 Network with no problems and in
apparently good condition
Frequency of service 330 100.0 24 hours a day
3 214 22.0 Type of supply 171 79.9 Exclusive public network
Condition of network 137 64.0 Network with no problems and in apparently
good condition
Frequency of service 214 100.0 3 to 4 times a week
Drainage 1 356 33.6 Stormwater runoff 236 66.3 No risk
system Type of drainage system 215 60.4 Storm sewer
Condition of drainage system 182 51.1 Network with no problems and in apparently
good condition
Existence/Operation 356 100.0 Network in operation
2 600 61.7 Stormwater runoff 311 51.8 No risk
Type of drainage system 600 100.0 Non-existent
Condition of drainage system 600 100.0 Non-existent
Existence/Operation 600 100.0 Non-existent
3 17 1.7 Stormwater runoff 10 58.8 No risk
Type of drainage system 11 64.7 Storm sewer
Condition of drainage system 13 76.5 Network with no problems
Existence/Operation 17 100.0 Network out-of-service
Sewerage 1 403 41.4 Status of sewer 185 45.9 Another network other than the Bahia Azul
system Condition of sewer 324 80.4 Network in apparently good condition
Operational condition of sewer 403 100.0 Network in operation (Bahia Azul and others)
Condition of Manholes 309 76.7 Manholes non-existent and Manholes
with problems
2 269 27.6 Status of sewer 269 100.0 Non-existent
Condition of sewer 269 100.0 Non-existent
Operational condition 269 100.0 Non-existent
of sewerage
Condition of Manholes 269 100.0 Non-existent
3 301 30.9 Status of sewer 289 96.0 Another network other than Bahia Azul +
Bahia Azul network
Condition of sewer 254 84.4 Network in apparently good condition
Operational condition of sewer 301 100.0 Bahia Azul network out-of-service
Condition of manholes 207 68.8 Manholes non-existent and Manholes

with problems

(continues)

Armacao Basin, for example, the classification of
neighborhoods by water supply is variable; servi-
ce provision in neighborhood 571 is classified as
good (water supply is 24-hour a day in 84.6% of
street sections ), while in neighborhood 575 it is
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considered regular (water supply is 24-hour a day
in only 46.7% of street sections).

It is interesting to note that the worst results
in terms of percentages were obtained for the
paving and housing typology components, while
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Cluster n % Variables n % Main characteristics
Urban 1 425 43.7 Collection type 425 100.0 Door-to-door/garbage truck/compactor/
cleaning alternative
service Collection frequency 240 56.5 Daily collection
Existence of garbage point 344 80.9 Non-existent
Existence of debris point 335 78.8 Non-existent
2 108 1.1 Collection type 108 100.0  Stationary collection points and/or Dumpers
Collection frequency 70 64.8 Daily collection
Existence of garbage point 72 66.7 Existent
Existence of debris point 73 67.6 Non-existent
3 440 45.2 Collection type 440 100.0 Non-existent
Collection frequency 440 100.0 Non-existent
Existence of garbage point 349 79.3 Non-existent
Existence of debris point 320 72.7 Non-existent
Housing 1 361 37.1 Type of housing 264 73.1 Horizontal 1 and/or 2 or more floors
typology Type of construction 244 67.6 Intermediate
Type of occupation 361 100.0 At the bottom of a hill
2 269 27.6 Type of housing 188 69.9 Horizontal 1 and/or 2 or more floors
Type of construction 169 62.8 Intermediate
Type of occupation 269 100.0 On a plateau/ridge
3 343 35.3 Type of housing 248 72.3 Horizontal 1 and/or 2 or more floors
Type of construction 288 84.0 Intermediate
Type of occupation 343 100.0 On a slope
Paving 1 246 253 Road pavement typology 195 79.3 More appropriate
Type of sidewalk 246 100.0 Adequate
2 67 6.9 Road pavement typology 58 86.6 More appropriate
Type of sidewalk 67 100.0 Partially adequate
3 660 67.8 Road pavement typology 401 60.8 Inadequate
Type of sidewalk 660 100.0 Inadequate

the best results were obtained for urban cleaning.
This example shows the utility of the methodolo-
gy used by this study for prioritizing government
investment in sanitation.

Discussion and conclusion

Through the use of cluster analysis it was possi-
ble to formulate environmental sanitation indi-
cators, classify sanitation conditions in specific
sewer basinsand theirrespective neighborhoods,
and detect intra-urban differentials in sanitation
conditions. This method is particularly useful for
assessing the impact of sanitation programs in
medium-sized cities such as the Bahia Azul Pro-
gram 7,10, Furthermore, this method allows the
comparison of sanitation conditions in sewer
basins and neighborhoods in different moments
in time. By using environmental sanitation in-
dicators it was possible to identify priority areas

for interventions and allocation of resources. It
is important to emphasize that this is a low cost
and simple methodology and is therefore a key
decision-making support for politicians and en-
vironmental health managers.

Furthermore, based on the results of this
study, it is possible to infer that if more resources
had been invested in all environmental sanita-
tion components in those sewer basins with the
worst indicators (Mangabeira, Cobre, Periperi
and Paripe) it is likely that the diarrhea preva-
lence rate observed by Barreto et al. 7would have
been lower. The results show that all components
in these basins were classified as poor, except ur-
ban cleaning which was considered regular.

Cluster analysis also allowed us to identify
the variable that best distinguished between
the environmental sanitation components, thus
helping to reduce the number of variables in
the study and indicate the key variable for each
component.
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Table 4

Classification of neighborhoods and basins by component and general classification.

Sewer basins/ Total of Environmental sanitation components/Distinguishing variable Overall
Neighborhood street  water supply/ Drainage Sewer Urban Housing Paving/ classification
sections  Frequency of system/ system/ cleaning typology/ Road
service (%) Existence/ Operational service/ Type of pavement
Operation condition Collection occupation typology
type
Armagao
571 78 84.6 G 59.0 R 89.7 G 94.9 G 48.7 R 50.0 R 71.2 G
575 15 46.7 R 86.7 G 100.0 G 20.0 P 80.0 G 93.3 G 71.1 G
Total 93 78.5 G 63.4 R 91.4 G 82.8 G 53.8 R 57.0 R 71.2 G
Médio Camurujipe
322 62 50.0 R 46.8 R 61.3 R 371 R 16.1 P 35.5 R 411 R
327 59 66.1 R 62.7 R 74.6 G 271 P 20.0 P 42.4 R 48.8 R
330 52 34.6 R 44.2 R 53.8 R 9.6 P 37.0 R 231 P 33.7 R
Total 173 50.9 R 51.4 R 63.6 R 25.4 P 23.9 P 34.1 R 41.6 R
Lobato
118 17 235 P 29.4 P 471 R 58.8 R 0.0 P 17.6 P 294 P
205 33 24.2 P 36.4 R 42.3 R 18.2 P 0.0 P 27.3 P 24.8 P
208 48 72.9 G 43.8 R 56.3 R 43.8 R 12.5 P 31.3 P 434 R
Total 98 48.0 R 38.8 R 50.0 R 37.8 R 6.1 P 27.6 P 34.7 R
Calafate
204 46 54.3 R 39.1 R 56.5 R 19.6 P 34.8 R 30.4 P 39.1 R
263 36 41.7 R 72.2 R 55.6 R 44.4 R 52.8 R 50.0 R 52.8 R
323 44 36.4 R 36.4 R 63.6 R 50.0 R 13.6 P 38.6 R 39.8 R
Total 126 44.4 R 47.6 R 58.7 R 37.3 R 325 P 38.9 R 43.2 R
Mangabeira
672 56 35.7 R 19.6 P 5.4 P 71.4 G 16.1 P 12,5 P 26.8 P
677 40 25.0 P 15.0 P 20.0 P 35.0 R 20.0 P 15.0 P 21.7 P
678 46 28.3 P 10.9 P 45.7 R 56.5 R 37.0 R 15.2 P 323 P
Total 142 30.3 P 15.5 P 225 P 56.3 R 23.9 P 14.1 P 271 P
Cobre
191 23 0.0 P 26.1 P 8.7 P 21.7 P 21.7 P 17.4 P 15.9 P
961 23 0.0 P 17.4 P 30.4 P 78.3 G 73.9 G 17.4 P 36.2 R
962 45 22.2 P 35.6 R 4.4 P 28.9 P 26.7 P 1.1 P 21.5 P
Total 91 11.0 P 28.6 P 121 P 39.6 R 374 R 14.3 P 23.8 P
Periperi
1011 58 5.2 P 8.6 P 3.4 P 56.9 R 44.8 R 1.7 P 20.1 P
1025 36 13.9 P 30.6 P 27.8 P 41.7 R 8.3 P 27.8 P 25.0 P
1026 30 0.0 P 3.3 P 3.3 P 16.7 P 6.7 P 3.3 P 5.6 P
Total 124 6.5 P 13.7 P 10.5 P 42.7 R 250 P 9.7 P 18.0 P
Paripe
1054 46 0.0 P 23.9 P 8.7 P 13.0 P 15.2 P 10.9 P 12.0 P
1057 48 10.4 P 37.5 R 16.7 P 72.9 G 2.1 P 4.2 P 24.0 P
1072 36 0.0 P 50.0 R 53.1 R 31.3 P 31.3 P 18.8 P 30.8 P
Total 126 4.0 P 35.7 R 23.0 P 40.5 R 14.3 P 10.3 P 213 P

G: good; P: poor; R: regular.
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This methodology also allowed us to create
an indicator for each environmental sanitation
component and rank sewer basins and neighbor-
hoods according to sanitation conditions.

As mentioned in the material and meth-
ods section above, a separate environmental
impact assessment was conducted as part of
the Epidemiological Impact Assessment of the
Todos os Santos Bay Environmental Sanitation
Program. This assessment was divided in three
stages. The results of the first stage between
September 1997 and February 1998 were pub-
lished by Milroy et al. 18. Using the same data
collection methods in the same neighborhoods
covered by the present study, the authors used
principal component analysis followed by clus-
ter analysis to identify the following sanitation
condition categories: high, intermediate, poor
and very poor.

A comparison of the results of Milroy’s study
(first stage) 18 with those of the present study (sec-
ond stage) shows that little change occurred in
the classification of the sanitation conditions of
these neighborhoods. The only change observed
was in neighborhood 961, which was classified as
poor in the first stage and as regular in the second
stage. The improvements observed in this neigh-
borhood were due to a high rating for the com-
ponents “urban cleaning service” and “building
typology” (Table 4). No change in the sanitation
conditions of these neighborhoods was observed
even after using other statistical methods. This is
probably due to the fact that the Sanitation Pro-
gram was in the initial phase of implementation
at that time.

ENVIRONMENTAL INDICATORS OF INTRA-URBAN HETEREROGENEITY

The environmental sanitation indicators
formulated by this study can help managers to
detect situations of environmental risk, monitor
changes in the environment, identify potential
health hazards and assess the impact of public
policy interventions on environmental sanita-
tion conditions.

The factors that influence environmental
sanitation conditions are dynamic and therefore
subject to constant change. The data collected
by cross-sectional studies represents only one
moment in time and therefore provides limit-
ed knowledge of a given reality. This method is
therefore appropriate for assessing the impact
of public policies and interventions on envi-
ronmental sanitation conditions provided that
further cross-sectional studies using the same
methodology are conducted in the same areas in
different windows of time.

The study data was analyzed using cluster
analysis and Euclidian distance to measure the
level of similarity. It is important to note that
other types of distance may be used to measure
the level of similarity, such as the simple cor-
relation coefficient and Sokal distance, and it is
recommended that future studies consider such
approaches. Nevertheless, this study is an impor-
tant step towards providing an effective classifi-
cation of sanitation conditions in urban areas to
guide resource allocation planning in developing
countries.
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Resumen

Varias enfermedades que afectan a los seres humanos
estdn vinculadas a la deficiencia en el acceso a servicios
de agua y alcantarillado, la gestion inadecuada de los
residuos solidos y el deficiente sistema de drenaje de
aguas pluviales. Este estudio trata de desarrollar indi-
cadores de salud ambiental y clasificar las dreas dentro
de las ciudades. Se utilizo una base de datos que contie-
ne informacion sobre: limpieza urbana, abastecimiento
de agua, alcantarillado, drenajey calles, pavimentacion
de las calles y tipologia de construccion en diferentes
barrios. Se aplicé la técnica de clister para el andlisis
de datos. Se identifico la variable que mejor represen-
ta cada componente y veintitrés dreas de la ciudad se
clasificaron en tres categorias: buena, regular y mala.
El uso de indicadores de salud ambiental permitio la
identificacion de dreas criticas y el establecimiento de
prioridades en la inversion para la salud y mejora del
medio ambiente.

Indicadores Ambientales; Saneamiento; Salud
Ambiental
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