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Abstract: National air quality standards in Brazil were established in the 1990s and are now outdated in relation to 

international patterns. This creates a challenge for effective control of air pollution levels and contributes to increasing 

mortality and hospital admissions rates. In order to quantify the impact of adverse health outcomes due to the concentration 
of particulate matter in Espírito Santo, this paper aims to project the number of deaths, hospitalizations and amounts spent 

on public hospital admissions from 2017 to 2030. It considers a stationary scenario of air pollution by fine particulate matter 

(PM2.5), using the year 2014 as baseline. The results show that if air pollution continues at the current levels, it will cause an 

increase of 95% on the deaths from all causes between 2017 and 2030, as well as some 65 thousand hospital admissions and 
an estimated public health cost of $ 36,2 million due to hospitalizations. The magnitude of these results demonstrates the 

need to implement more rigorous measures to control air pollution and to encourage clean energy transportation, among 

other public actions, in order to reduce damage to the health of the population and to diminish government spending. 
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INTRODUCTION  
According to World Health Organization, WHO 
(2005) clean air is considered a basic requirement 
of human health and well-being. However, air 
pollution continues to pose a significant threat to 
health throughout the world. More than 2 million 
premature deaths can be attributed to the effects 
of urban outdoor air pollution and indoor air 
pollution (caused by burning solid fuels. More than 
half of this burden of disease is borne by the 
populations of developing countries. In addition, 
by 2015, WHO has reported the early loss of about 
eight million lives worldwide from air pollution. Of 
these, about 3.7 million were due to external air 
pollution, which represents 46% of all sources of 
air-related pollutants. Recognizing it as an 
increasing threat to global public health, in an 
official report of the 68th World Health Assembly 
in May 2015, WHO determined that reducing 
atmospheric pollution could be a health indicator 
of post 2015 sustainable development policy (WHO, 
2015). 
Thus, air pollution has become an important risk 
factor for epidemiological health studies, since 
they have the most robust causal associations 
between long-term exposure to the pollutant and 
reduction of life expectancy (DOCKERY et al. 
LIPFERT, 1984; POPE et al., 1995). 
Air pollution has affected the health of the 
population, even when their levels are below what 
is determined by the legislation in force. The 
adverse effects of air pollutants on human health 
are a source of concern for environmental and 
public health regulatory agencies. Population 

studies and epidemiological research have been 
used to identify these adverse health effects and 
to guide the development of practices and 
legislation to control emissions and air quality 
(BOTTONI et al 2013).  
The population groups most susceptible to the 
toxic effects of air pollution are children under 
five years of age, elderly and individuals with 
chronic diseases (RITZ; WILHELM; ZHAO, 2006). 
This study has the objective of projecting mortality 
and hospital admissions attributable to air 
pollution in Espírito Santo State, Brazil. 

 

METHODS 
The methodology adopted was based on the work 
developed by Rodrigues et al. (2015), which 
includes projections of mortality, hospitalizations 
and projection of total expenditures with 
hospitalizations in the public health system, due to 
the pollution caused by the concentration of 

particulate matter (𝑃𝑀2,5) in the atmosphere. 

Concentration data were taken from state air 
quality monitoring stations. In order to calculate 
the projections, the following causes of mortality 
and morbidity were considered: cancer, 
cardiovascular diseases, respiratory diseases in the 
elderly and respiratory diseases in children. 
Mortality is projected following the methodology 
established in Spiegel and Hyman (1998, apud 
Rodrigues et al., 2013) which uses a deterministic 
model for the projection as shown in equation 1: 
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Where: 
 

𝑂𝑧,𝑡= Number of deaths due to cause z in year t, 
corresponding to each year of the projection; 

𝑃𝑂𝑛,𝑥
𝑧,𝑡

= Proportion of deaths due to cause z in year 
t for the age group x to x + n (five-year age 
groups); 

𝑂𝑛,𝑥
𝑡 = Total deaths in year t for the age group x to x 

+ n (five-year age groups). 
 
The projected number of hospitalizations follows 
the fixed rate methodology proposed in STRUNK 
(2006, apud Rodrigues et al, 2015) therefore using 
the fixed hospitalization rate of 2014 and the 
population projected by IBGE (2013) by age group 
were considered for all the years of the projection 
which can be seen in equation 2: 
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Where: 

 𝐼𝑧,𝑡= Number of hospitalizations for cause z in year 
t, corresponding to each year of the projection; 

𝑇𝐼𝑛,𝑥
𝑧,2014

= Rate of hospitalization for cause z in 2014 
for the age group x to x + n (quinquennial age 
groups); 

𝑃𝑛,𝑥
𝑡 = Number of people in year t for the age group 

x a x + n (five-year age groups). 
 
The projection of the total expenditure with public 
hospitalizations is calculated from the estimation 
of the number of hospitalizations resulting from 
the air pollution obtained in the previous 
projection. The average expenditure on 
hospitalizations for each of the causes was fixed at 
the same level as in 2014. Projected expenditures 
are at 2014 prices, as shown in equation 3: 
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FINDINGS AND ARGUMENT 
Tables 1, 2 and 3 show the sum of deaths, 
hospitalizations and total expenditures with 
hospitalizations between 2017 and 2030 
attributable to air pollution in a stationary 
scenario in which air pollution has remained the 
same since 2017. 
The total number of deaths attributable to 
particulate matter (covering all age groups) 
increased by 95% in the analysis period, with 248 
deaths in 2017 and a projection of 484 deaths by 
2030 (Table 1). 
 

 

Table 1. Projection of total deaths according to 

causes attributable to particulate matter (𝑷𝑴𝟐,𝟓) 
in the of State of Espírito Santo, 2017 and 2030 

Deaths 

Causes 2017 2030 

Neoplasms 61 142 

Cardiovascular diseases 212 396 

Respiratory diseases in children 6 21 

Respiratório diseases in elderly 30 67 
 

In relation to public hospital admissions, different 
causes of morbidity were considered, so that they 
represented those with proven studies of the 
effect of the particulate material on health and 
respective concentration-response estimates. 
These causes correspond to neoplasms, respiratory 
diseases and cardiovascular diseases, and in 
populations more susceptible to the effect of 
pollution, such as children and the elderly. As 
expected, cardiovascular diseases, considered the 
main cause in the country both in mortality and in 
morbidity, also appear as those with the greatest 
effect due to pollution. 

 
Table  2. Projection of total hospitalizations of 
the public health system according to causes 

attributable to particulate matter (𝑷𝑴𝟐,𝟓) in the 

of State of Espírito Santo, 2017 and 2030 

Hospital Admissions 

Causes 2017 2030 

Neoplasms 147 237 

Cardiovascular diseases 1415 2289 

Respiratory diseases in children 642 584 

Respiratório diseases in elderly 1455 2682 
 

Considering the stationary scenario of pollution, 
hospitalizations due to cardiovascular diseases 
would vary from 1,415 to 2,289 between 2017 and 
2030 (Table 2), and spending went from about $ 
1,2 million to R$ 2,1 million in the same period 
(Table 3). 

 
 

Table  3. Projection of total hospitalization 
expenses according to causes attributable to 

particulate matter (𝑷𝑴𝟐,𝟓) in the of State of 

Espírito Santo, 2017 and 2030 

Expenditure on hospital admissions ($) 

Causes 2017 2030 

Neoplasms 55,197 88,810 

Cardiovascular diseases 1,298,302 2,099,808 

Respiratory diseases in 

children 165,054 147,423 

Respiratório diseases in 

elderly 494,587 911,764 
 



 
 
 
Cardiovascular diseases, although they do not 
represent the greater relative participation of 
hospitalizations among the four causes considered, 
are responsible for the higher percentage of 
hospitalization expenses, due to the high per 
capita cost of interventions for the treatment of 
this cause. Together with the expenditures of the 
other causes it was projected a public health cost 
of $ 36,2 million due to hospitalizations from 2017 
to 2030. 
The hospitalizations attributable to air pollution by 
diseases of the respiratory tract in children have 
greater representativeness in hospitalizations as a 
whole when compared to projections of deaths, 
although their participation decreases over time. 
As the projections considered a scenario of 
hospitalization rate constant over time, this 
reduction reflects both the population decrease for 
this group and the increase in the 
representativeness of respiratory diseases in the 
elderly. For this cause in the elderly group, there 
was an increase in hospitalizations attributable to 
the air pollution of 84% between 2017 and 2030. 
The relative participation of neoplasms remained 
practically unchanged. 
In the study developed by Rodrigues et al.,(2013) 
in the state of São Paulo, the percentage 
variations in the projections were not very 
different when compared to the results in Espírito 
Santo. The greatest dissimilarity occurred in the 
projection of deaths due to respiratory diseases in 
children and the elderly, which may occur due to 
the difference in the concentration of particulate 
matter of each state and its health system.  
As expected, the results of the projections were 
higher in the state of São Paulo, since it has larger 
area and population. 

 
CONCLUSIONS 
The goal of this study was to present estimates of 
the effect of pollution on health in the State of São 
Paulo, according to the WHO methodology for 
estimating deaths and diseases attributable to 
pollution (WHO, 2006). In addition, the study 
intends to contribute to the discussion of the 
harmful effects of pollutants caused mainly by 
motor vehicles, to draw the attention of society, 
public managers and entrepreneurs in search of 
alternatives of urban mobility, innovations in 
transport management and materials. As well as 
more stringent legislation and increase in the 
number of air pollution monitoring stations. 
Such measures would serve as a guide for the 
implementation of local actions that result in 
improved air quality in the country. More 
specifically, studies such as this show that a cross-
cutting theme as important as air pollution should 
support intersectoral discussions between health 
and the environment in public policies and 
management plans to reduce the emission of air 

pollutants, especially in large urban centers, as is 
the case of the Metropolitan Region of Espírito 
Santo. 
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