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Abstract: This study aims to provide an overview of the health care system in specific regions of the Amazon, before and
after the construction of Jirau Hydro Power Plant (HPP) to evaluate the efficiency of health activities planned and executed in
the scope of the environmental licensing of the project. We studied the health conditions before the implantation of the project,
identified the main characters and criteria involved on the definition of health issues and obligations assigned to the
entrepreneur, as well as the results on heath inherent of those obligations, evaluated through qualitative and quantitative
indicators, applied in different time cuts. The data used to define the quantitative indicators was obtained from the Municipal
Health Department of the Municipality of Porto Velho and from heath units located in the studied region. As for the qualitative
indicators, the data was obtained from structured questionnaires applied to part of the local population, users of the public

health system.
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1. Introduction

Reality has shown that the greatest health risks resulting
from environmental changes are faced by marginalized
populations, poor communities and indigenous people,
especially vulnerable to risks of diseases, with few resources
and active voice in decision that can impact health [1-3]. The
health problems that most affect these groups are infectious
diseases and malnutrition [1, 4].

Despite numerous and clear provisions regarding human
health in Brazilian infra-constitutional environmental
legislation, especially Law n. 6.938 / 81 [5], which provides
for the National Environmental Policy and CONAMA
Resolution n. 001/86 [6], which governs the basic criteria and
general guidelines for environmental impact assessment,
health often isn’t taken into account in the evaluation of
environmental impact study [5]. The issues and definitions
related to human health are still neglected, even if it is clear
that enterprises from renewable and non-renewable sources
are inducers of externalities with the increase of costs of
services in the health system and with cultural and social
changes in the territories in which they settle, representing a

wide range of health risks [3, 7, 8].

Results of a survey carried out by the Ministry of Health in
2008 demonstrated the participation of the health sector in the
environmental licensing processes in force at the federal level,
during the period from 2004 to 2007. The survey identified 22
projects of different typologies, of which were analyzed 36
environmental studies by the health sector [7]. Of the total of
studies analyzed by the health sector, only 50% had some type
of recommendation incorporated as conditions in the
environmental licenses issued by the federal environmental
agency [7, 8]. The reasons and limitations related to this result
were identified as i) a lack of criteria defined by the licensing
body to request the technical positioning of the health sector; ii)
the health sector is not always considered as essential to the
environmental licensing process; iii) the consultation of more
than one organism can mean an obstacle to the licensing
process, among others [7]. In addition, it was found that some
public sectors responsible energy undertaking in Brazil do not
consider the health subject as essential to the environmental
licensing process, only when the project is in endemic areas of
malaria motivated by mandatory compliance of the Brazilian
Ministry of Health [7-9].
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There is, in fact, a more complete understanding of how
environmental factors interact with social and health
determinants and a greater awareness of the relationship
between health and the environment, yet the health issue is
not being treated in an integrated way to the issues related to
health environment and economic growth, hampering the
achievement of sustainability to new and more ambitious
global environmental policies [7].

Health workers that focus on health needs and do not
understand the relationships between the health and the
environment, often neglect the potential to improve health
through Dbetter ecosystem services and reduction of
environmental risk factors [1, 2, 10]. Thus, it is of paramount
importance the involvement of several sectors on the
formulation of sustainable public policies that consider health
as an essential factor in the search for the construction of
environmentally and socially balanced territories [1, 2, 11].

2. Methodology
The present work was born from the curiosity to
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understand how the health issue is treated in environmental
licensing of a large HPP, recently implemented in the
Amazon region, and the role developed by the Brazilian
Ministry of Health in the definition and monitoring of
strategies and actions in health to compose the environmental
licensing of these enterprise, in order to guarantee quality
health care. Considering the complexity of the theme, we
opted for the single case study modality, through the study of
the environmental licensing of the Jirau Hydro Power Plant
(HPP), on the health theme.

2.1. Selection of the Study Area

The choice of Jirau HPP was due to its location in the Amazon,
more specifically 100 km from the capital of the state of Rondonia,
Porto Velho, a region that has ecological, economic and cultural
characteristics that make it more susceptible to impacts, due to
high endemicity diseases, traditional populations with limited
adaptive capacity, and a poor health care system [12, 4]. This
project shares the health impacts common to large-scale ventures
in remote areas of Brazil [4].
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Figure 1. Map Indicating the location of the HPP Jirau (Data Source: 14, 20).

The localities directly interfered by the HPP Jirau are
characterized by a low quantitative of population: Mutum
Parana, Jaci Parana Abuna and Fortaleza do Abuna. In these
areas, there are sites and farms whose owners reside in the
urban center of Porto Velho or other municipalities, leaving
their properties to the care of rural caretakers [13, 14].
According to the demographic census carried out by the
Brazilian Institute of Geography and Statistics, in 2000, the
urban center of Jaci Parand had a population of more than
1,500 inhabitants, while in other districts this number was
below 500 inhabitants [15].

Except for public structures, the constructive pattern of the
region consists of wooden houses, depending on the
availability of this natural resource in the region. In 2008,
only 9% of the private households in the city of Porto Velho
were connected to the general sewage network, presenting
precarious sanitary sewage conditions, as well as water
abstraction through rudimentary and septic tanks. In some
cases, sewage was dumped outdoors in the woods and
streams [13, 14].

Most of the localities did not have electricity supply in
2010, even though the Federal Government program "Luz
para Todos" and Transmission Lines already existed. Except
for the locations of Embauba, Jirau and Ramal 31 de Marco,
which had electric grid, the other localities had individual
light generation, made by means of fuel generators, lamps,
candles and, in rare cases, solar energy panels. The region did
not have television antennas nor mobile telephony, although
internet was available at Jaci Parana, and to find these
services one had to travel long distances [13, 14].

In 2010 and still now the garbage cleaning was monthly made
by the Municipality in some localities through the transportation
to the nearest "landfills”. Even though it is still common to find
in the junk spread in the bush, river bank and routes. Some
residents opt for the burning or burial of waste [13, 14].

The few existing health units provide health care
education; treatment and diagnosis of malaria; medical and
nursing consultations with laboratory support and dental care,
ambulatory and observation health care.
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2.2. Survey Method

The first step to attain objectives of the present study
consisted on reviewing the existing literature on the
occupation of the State of Rondonia and the implementation
of the HPP Jirau, in order to understand the relation between
the geographic space, the resident population, the main
political, economic and social characteristic, the local culture,
and the public health care system.

2.3. Study Indicators

According to the 2010 Census, 53% and 94% of the
populations of the Jaci Parand and Mutum Parana Districts
reside in the rural area of the municipality of Porto Velho
[17], often dispersed in vast areas, making it difficult to
guarantee universal access to basic health services through of
the traditional method of health centers [13, 14]. This reality
requires the adoption of indicators and strategies aimed to
basic health care, centered on the strategies to improve
families’ health, through visits to residence of vulnerable
populations [1, 4].

The indicators chosen for health monitoring were divided
into three main groups: i) indicators to measure the installed
capacity of the health centers; ii) indicators to me measure
the coverage of the public health care system; iii) outcome
indicators of basic health care.

The quantitative indicators to measure the capacity of the
health centers resulted from data collected from 2008 to 2014
at the health centers of the districts of Jaci Parana, Mutum
Parana, Nova Mutum Parani, Abund and Fortaleza do
Abuna, directly interfered by the Jirau HPP, and where
calculated according to the parameters of the Brazilian
Administrative Rule n. 1.101/GM of June 12, 2002 [16].

The qualitative indicators to measure the coverage of the
public health care system and the outcome of basic health
care were based on the results of questionnaires applied to
181 families directly affected by the Jirau HPP (84% of the
resettled and indemnified population by the HPP Jirau). The
methodology consisted on the application of structured

questionnaires, in different time slots, prior to the  beds), totaling an increase of 14 observation beds (Figure 2).
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resettlement or indemnification of the population (2010), to
the stabilization of the interviewee in the new place or in the
remainder of their property (2012). Four stages of monitoring
were carried out in 2010, 2011, 2013 and 2014 [17, 18].

2.4. Data Analysis

The data was computed, organized and processed to
compose the qualitative-quantitative indicators proposed by
the author in the present work. Once the indicators were
structured, an integrated analysis of the results was carried
out to identify the changes in health before and after the
implementation of the HPP and highlighting the alterations
for specific health topics.

3. Results
3.1. Installed Capacity of the Health Units

Observation beds, also called short-term hospitalizations,
are commonly located in emergencies, outpatient clinics or
day hospitals and are used for up to 24 hours of care for
nursing  procedures, specialty ~ consultation  and
complementary examinations [19].

In the individual districts analysis, from 2008 to 2009, the
districts of Abund and Fortaleza do Abund had 1.2 and 2.3
observation beds available per thousand inhabitants at the
health units, respectively. Jaci Parana and Mutum Parana had
each 0.1 and 0.2 observation beds per thousand inhabitants in
the same period, respectively. As of 2011, the availability of
beds per thousand inhabitants at the health unit of Fortaleza
do Abuna practically doubled: the population remained stable
and there was an additional bed. Jaci Parana presented the
largest increase in bed availability, from 0.1 observation beds
per thousand inhabitants in 2008, 0.7 in 2011 and 1 bed per
thousand inhabitants in 2014 (Figure 2).

In the overall analysis of districts from 2008 to 2010 there
were 0.2 observation beds per thousand inhabitants (+4 beds),
from 2011 to 2013, 0.6 beds per thousand inhabitants (+13 beds)
and, since 2014, 0.8 beds for each thousand inhabitants (+18

Figure 2. Installed capacity of health units to house observations beds.
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In 2008 Jaci Parand, the largest of the three target localities
of this study, had an average installed capacity of 0.8
consultations per inhabitant/year, insufficient to meet the local
population according to Brazilian Ministry of Health: 2 to 3
consultations per inhabitant/year [16]. Since 2011, with the
construction of the health unit of Nova Mutum Parana and the
renovation of health unit of Jaci Parana, the number of doctors'
offices available in Jaci Parana has evolved from 1 to 6 and the
scenario in this locality was reversed. From then on, the
installed capacity of the health unit in this locality was superior
to the one recommended by the Brazilian Ministry of Health
[16]. As for the health units of Abuna and of Fortaleza do
Abuna, since 2008 the installed capacity of medical
consultations per inhabitant/year was above the minimum
recommended Brazilian Ministry of Health (Figure 3) [16].

In a global analysis, the health unit of the studied locations
have an average installed capacity of 2.3 consultations per
inhabitant between 2008 and 2010 and of 3.3 between 2010
and 2014, above the recommended by the Brazilian Ministry
of Health (Figure 3) [16].
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Figure 3. Installed capacity of medical consultations per health unit.

The improvements made by the entrepreneur increased the
installed capacity of the health units of Abuna, Fortaleza do
Abuni and Jaci Parana, allowing the expansion of the health
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assistance beyond these districts. The construction a new
health unit, located at Nova Mutum Parana, in substitution
for the deactivation of heath unit at Mutum Parana, also
increased the installed capacity of healthcare in the region by
more than 50%. Since 2011, the installed capacity has
doubled in the units of Abuna and Fortaleza do Abuna and
quintupled in the units of Jaci Parana, of which Nova Mutum
Parana is part [13, 14, 18].

3.2. Health Care

The construction of the health unit of Nova Mutum Parana
(2011) and improvements made in the health unit of Jaci
Parana, reversed the health care scenario in the studied
districts. The installed capacity of the health units proved to
be sufficient to meet the local population and the minimum
requirements by the Brazilian Ministry of Health [16]. But,
although there was sufficient infrastructure and equipment to
meet the local population since 2011, doubts remain about
the efficiency of the municipal management, its ability to
coordinate the performance of the available human resources
and adopt management strategies appropriate to the basic
needs of the population [17, 18].

From 2008 to 2010 the human resources mobilized were
sufficient to serve the local population. After 2010 this
framework drastically changed due to a reduction in human
resources and, consequently, demobilization of the personnel.
In Jaci Parand, the health unit had personnel to cover only
20% of the local population (Figure 4).

Overall, although the number of mobilized teams doubled
in the studied districts, it remained substantially lower than
the installed capacity of the health units of up to 5 teams, and
thus was insufficient to meet the local population. In 2014,
the health personnel mobilized served approximately half of
the local population of Jaci Parana, Abuna and Fortaleza do
Abuna (53%), bellow the recommended by the Brazilian
Ministry of Health (Figure 4) [16].

20 20
228 449 449 449 441
45.6 0 0 0 0
182,0 0.0 0.0 0.0 1788
666.7 0.0 0.0 0.0 6550

55,0 27,1 27.1 27.1 532

Figure 4. Coverage of health teams per thousand inhabitants.

The results of the qualitative indicators indicated that 47%
of the population interviewed judged the quality of care in the
health units to be good, 37% thought it was regular and 15%

thought it was bad. In 2014, 28% judged good, 45% regular,
24% bad and 3% did not report (Figure 5). Some of the
interviewees also reported that the unit of health of Nova
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Mutum Parana lacked staff and resources for health care and
that in 2012 the unit did was not open during the evenings and
that there were no doctors available on weekends. Another
controversial point was the lack of an ambulance in the unit,
donated by the entrepreneur through the Municipality of Porto
Velho, and the presence of a physician coming from the
Federal Government Program called Mais Médicos [19].

DGood 'Regular @mBad ©No Information
100% 2%
90% M 18%
80% 1%
bt 37%
60% 42%
50% 40% 45%
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20% GRE 50 38%
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Figure 5. Quality of the health care provided in the health units according to
the interviewed population.

The community agent is responsible for the link between
the community and health services, through the monitoring
and guidance of health service users, supporting health
promotion and protection, and in the identification of
possible health risks, by notifying the occurrence of diseases
requiring vigilance [4]. The service provided by the
community agent has great importance in the prophylactic
monitoring of families, as well as it is essential for
scheduling consultation of families at the public health units.
Since 2008 these professionals have been satisfactory in
quantity to the districts of Jaci Parana, Abuna and Fortaleza
do Abuna, even if it is close to the limit recommended by the
Ministry of Health [16]. On the other hand, the results of the
qualitative indicators indicated an aggravation in the
dissatisfaction of the local population about the care of these
agents: in 2010, 82% of the interviewees claimed that the that
community agents were available, against 18% who claimed
they did not exist. In 2014, this percentage rose to 36% and
64%, respectively (Figure 6).
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Figure 6. Medical availability in the heath units according to the
interviewed population.

When questioned about the frequency of visits by
community agents, in 2010, 51% of those interviewed
claimed to be biweekly, 17% monthly and 32%
undetermined. In 2014, 3% claimed to be biweekly, 9%
monthly and 89% undetermined (Figure 7).
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Figure 7. Frequency of the health care provided by the community agent
according to the interviewed population.
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Figure 8. Quality of the health care provided by the community agent
according to the interviewed population.
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Figure 9. Number of public medical consultations registered per health unit.

Also, in 2010, 50% of the interviewed population judged the
attendance of the agents as "good", 23% as "regular", 24% as
"bad" and the remaining 4% did not respond (no information).
In 2014, this percentage increased to 26%, 10%, 10% and 54%,
respectively (Figure 8). Of those who did not respond in the
interviews (without information), part is not attended by
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community agents. In an informal conversation, the interviewees
reported that the number of staff available by the Municipality of
Porto Velho for the role of community agents decreased
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significantly after 2008, making it impossible for all families to
be attended. Others said that the agents only serve the district
headquarters and not the rural areas.
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Figure 10. Coverage of active medical teams per thousand inhabitants in each studied location.

3.3. Access to Health Units

The results of the qualitative research indicated that in 2014
the health units were closer to users' dwelling places, especially
for residents of Nova Mutum Parana, Jaci Parand and Abuna.
Despite this proximity, the frequency of use of UBS by the
population directly affected by the HPP Jirau reduced between
2014 and 2010, being restricted, in most cases, to periodic
attendance and emergencies. In 2010, the frequency of use of the
health unit by the interviewees was frequent for 27%, sometimes
for 65% and never for 8%, compared to 11%, 85% and 4% in
2014, respectively (Figure 11).
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Figure 11. Frequency of attendance at health facilities according to the
interviewed population.

4. Discussion

Overall, the installed capacity of all health units located in
the Jirau’s HPP Influenced Area were insufficient within the
obligations of the Ministry of Health until 2010. The health
conditions identified in the region affected by the
implementation of the HPP Jirau lacked infrastructure,
educational and medical assistance. The region was framed
with a high rate of malaria contamination and characterized
by an insufficient public health system to meet the local

demand, present at all levels of assistance, from physical
structure to insufficiency of human resources [13, 14].

Due to the minimum infrastructure found in the districts,
they had a wide area of coverage of rural areas, branches and
populations located on the banks of the Madeira River. Since
2011, the constructions and reforms carried out in the units of
health by the plant's concessionaire have resulted in an
increase of more than 50% in capacity to meet the population
of these districts. Under the actual conditions (until 2014),
the guidelines recommended by Brazilian Ministry of Health
for basic health care are being met by studied health units
from the point of view of the existing infrastructure [16].

However, despite significant improvements, the public
mobilization of human resources mobilized was considerably
lower than the installed capacity of these units and, therefore,
insufficient to meet the local population. In 2014, the human
resources available at the studied area served approximately
half of the population (53%) and were insufficient to attend
the local population. As a consequence, the attendance of
other units nearby were overstretched, due to the migration of
the population in search of medical attention and the
entrepreneur had to make occasional and emergency
contributions in order to provide human resources to meet the
demands of the local population, under the regime of
temporary contracting, but perhaps not long enough to be
perceived by the population and therefore reflected in the
qualitative interviews applied.

In all localities, the number of physicians per thousand
inhabitants is lower than that of nurses, the opposite of what
occurs in the national average: basic indicators for health in
Brazil indicate that the number of doctors per thousand
inhabitants is almost three times higher of nurses, in the
national average, between 1990 and 2005 [21]. In the studied
localities, the average number of physicians mobilized in 07
years is 0.2 for a thousand inhabitants, compared to 0.4
nurses mobilized for a thousand inhabitants. Dentists
mobilized between 2008 and 2014 were insufficient to meet
the local population. In this matter, it was perceived that the
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human resources hired by the local government had a
significant turnover of public employees, especially due to
the different wage structures, geographic distances and the
lack of standardization of contracts offered by the different
municipalities [7, 22]. There were important failures in the
public management of the human resources allocated in the
health units located at Mutum Parana, Jaci Parana, Fortaleza
do Abuna and Abuni until 2014 and related to the i) super-
specialization and geographical distribution of personnel, ii)
gap between training policies and health policy, iii) profile
definition of personnel right after the graduation; iv)
reorganization of primary care services. The personnel
turnover and the quality of the medical care undertakes the
relation with the patient and contributes to the precariousness
of the health care [24]. Dissatisfaction about a health service
can negatively influence the evaluation of the care of another
service as shown in this study [25]: families not served by
community agents tend to misjudge the service provided in
the health units, since there is an increase in the waiting time
for consultations in these units.

In general, there were improvements in the health
conditions of this population, the most notable being the drop
in Malaria and Dengue contamination in the region: in 2010,
96% of the respondents claimed to have had some tropical
disease against 4% in 2014 [8]. They also perceived greater
health and hygiene care resulting from environmental
education campaigns and improvements in the use of
domestic sewage in homes [8]. In 2014, almost all
respondents to qualitative research rely on basic sanitation,
through septic tanks or public sanitation, as well as treated
water. In addition, the oil generators were replaced by public
energy supply, positively impacting the quality on the life of
the families, who started to make use of household
appliances. These perceived improvements directly
influenced the health of the population directly affected by
the HPP Jirau which became healthier and therefore less
dependent on the health system. This result reinforces the
thesis that the confrontation of problems of collective
dimension should be done thought the promotion of health
and disease prevention through education.

The obligations in health in the studied area were defined
by the Ministry of Health (MS), local health secretariats and
the entrepreneur. They were executed in compliance with the
environmental HPP Jirau’s licensing process and successful
in assessing the existing public health deficiencies through
investments to improve health infrastructures in regions
directly interfered by the HPP Jirau. However, the entities
involved in planning the health activity failed to anticipate
investments needed to supply and train human resources to
attend the health units, to avoid greater administrative burden
of the local health secretariat, since the expansion of health
units require, necessarily, hiring of human resources in
greater number.

Public health indicators are an important quality measures
since they can provide clues to the success or difficulties of
local health services, meeting the expectations and needs of
users. They are an important tool for research, planning and

administration of health services and, despite the expansion
of production and access to Brazilian health data, its
organization still needs to be improved to contribute to local
public policies in a more efficient way. The data produced in
small health center is not made available in an accessible and
transparent way to the population, who need to visit or phone
the public health’s units and departments to obtain them.
There are still difficulties to register and publicize the results
of health care within the health units, such as registration.

5. Conclusion

In this study we found out that the secretariat of health of
Porto Velho has many great challenges: invest in education in
health in order to understand the main causes of health
problems of a certain region and to raise public awareness
about the existing health problems, forms and mechanisms to
prevent the contamination of certain diseases; invest in
training of personal in order to produce and organize the
health indicators so they can reflect the reality in the
municipality and districts mentioned above; hire enough
medical personnel to attend the studied locations and
improve the management at all level.

This study also leads us to reflect on the need for health to
go beyond technical and organizational aspects. They
indicated the changes needed in the process of training and
qualification of local health professionals and in the need to
reinforce health education for patients, in which community
agents play a fundamental role and, to that end, must be
properly trained and oriented to deal with the most diverse
publics. The results corroborate the need for humanization of
health, especially in basic care, which is the gateway to
public health services by the population.
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