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ABSTRACT: After 2003, a new period of  expansion of  the sugarcane culture began in Brazil. Pre-harvesting 
burning of  sugarcane straw is an agricultural practice that, despite the nuisance for the population and pollution 
generated, still persisted in over 70% of  the municipalities of  São Paulo State in 2010. In order to study the 
distribution of  this risk factor, an ecological epidemiological study was conducted associating the rates of  
deaths and hospital admissions for respiratory diseases, for each municipality in the State, with the exposure 
to the pre-harvesting burning of  sugarcane straw. A Bayesian multivariate regression model, controlled for 
the possible effects of  socioeconomic and climate (temperature, humidity, and rainfall) variations, has been 
used. The effect on health was measured by the standardized mortality and morbidity ratio. The measures 
of  exposure to the pre-harvesting burning used were: percentage of  the area of  sugarcane harvested with 
burning, average levels of  aerosol, and number of  outbreaks of  burning. The autocorrelation between data 
was controlled using a neighborhood matrix. It was observed that the increase in the number of  outbreaks of  
burning was significantly associated with higher rates of  hospital admissions for respiratory disease in children 
under five years old. Pre-harvesting burning of  sugarcane effectively imposes risk to population health and 
therefore it should be eliminated.

Keywords: Risk factors. Environmental impact/analysis. Geographical information systems. Respiratory tract 
diseases/epidemiology. Air pollution/adverse effects. Indicators of  morbidity and mortality.
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INTRODUCTION

Since 2003, with the introduction of  flex-fuel vehicles (running on ethanol or gasoline) 
in Brazil, a new period of  expansion of  the sugarcane culture began. This was combined 
with the international environment issues that promote the application of  biofuels, due to 
the need for the use of  ethanol to replace fossil fuels to reduce emissions of  greenhouse 
gases (GHG)1. The State of  São Paulo is the largest producer of  sugarcane in Brazil and 
accounted for, in 2010, 54 and 20% of  national and global production of  ethanol, respectively, 
according to estimates from the Brazilian Supply Company (Conab)2,3. Thus, between 2006 
and 2010, there was an increase of  more than 1.5 million hectares of  sugarcane, and it was 
found that 74% of  municipalities in the State had the practice of  pre-harvesting burning of  
sugarcane straw4. Until the early 1950s, the cane fields were harvested by hand and without 
pre-harvesting burning. Only after the introduction of  mechanical shovels, this has been 
introduced to increase the productivity of  manual cutting. Straw, then, is no longer used 
to make cane sheaves and was from then on burned before harvesting5. With this innova-
tion and the adoption payment per production to the cutters, labor productivity grew 2.5 
to around 12 tons of  sugarcane cut per day.

Pre-harvesting straw burning of  sugarcane generates a huge amount of  air pollutants 
such as aerosols, fine (PM2,5) and coarse (PM10) particulate matter, gases such as carbon mon-
oxide (CO) and carbon dioxide (CO2), aldehydes (acrolein, formaldehyde), methane (CH4), 
nitrogen oxides (NOx), nitrous oxide (N2O), other hydrocarbons and polycyclic aromatic 
hydrocarbons (PAHs)6. Once in the atmosphere, some of  these gases ‑ such as methane, 
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NO2 and hydrocarbons — may produce secondary pollutants such as ozone (O3), through 
photochemical reaction7.

Most toxic environmental pollutants enter the human body through inhaled air. 
Considering that an adult at rest has pulmonary ventilation of  approximately 8,640 L per 
day, air pollution has an important cumulative effect, and one should take into account the 
exposure time, the breathing pattern and the solubility of  the chemical involved. The nose 
“filters” air impurities, but its ability to remove particulate material depends on the size 
and other physical properties of  the particles. Thus, particles larger than 10 µm are effec-
tively retained in the nose, while those smaller than 2,5 µm reach the deepest parts of  the 
respiratory system8. They transpose the epithelial barrier, reach the lung tissue and are 
responsible for triggering the inflammatory process. Chronic inflammation of  the bron-
chial tree and parenchymal destruction can lead to cases of  chronic obstructive pulmonary 
disease (COPD). The accumulation of  mucus in the bronchial tree predisposes to episodes 
of  respiratory tract infection.

The association between pre-harvesting sugarcane burning and its effects on health has 
been demonstrated by several authors7-14 and by different methods, but such agricultural 
practice still persists. For about 60 years, this pollution has been impacting the health of  the 
State’s population. This study focused on the population of  hundreds of  Sao Paulo sugar-
cane municipalities, which during most of  the year suffer from their effects. In these, fires 
have become so present that they are considered just another component of  the landscape 
of  such cities.

Thanks to popular pressure, in 2002, Law 11.241 was approved in the State, which pro-
vides for the elimination of  sugarcane straw burning and sets a timetable from 2002 to 
2031, with the percentage of  planted areas where burning should be eliminated, from 20% 
in the first year to 100% in 2021, for mechanized areas, and by 2031 for non-mechanized4,12. 
In 2007, mill owners, represented by the Union of  the Sugarcane Industry (Única), and sug-
arcane suppliers, represented by Orplana, signed a voluntary agreement for the elimination 
of  pre-harvesting burning of  sugarcane straw, the “Protocolo Ambiental” (Green Agricultural 
Protocol). The Department of  the Environment of  the State of  São Paulo reported that, in 
2010, more than 94% of  the sugarcane produced already obeyed the directives established 
by the Protocol. However, it is known that the burning of  sugarcane straw and the con-
sequent emission of  pollutants will also impact the health of  sugarcane areas of  the State 
until at least 2017, as there may still be a delay in its implementation4.

In order to bring a new contribution, an ecological study has been proposed, as well as 
in the Lopes and Uriarte investigations10,13, using the municipality as the unit of  analysis and 
controlled for confounding, climatic and socioeconomic factors. The objective of  this study 
was to demonstrate that there is an association between the pre-harvesting burning and the 
risk to health, regardless of  these factors, and to show its distribution in the municipalities 
of  São Paulo. Thus, it seeks to make a contribution to the elimination of  pre-harvesting 
burning and/or adoption of  preventive measures in relation to health problems, while this 
agricultural practice persists.
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METHODS

An ecological epidemiological study was conducted, relating indicators of  exposure to 
burning of  sugarcane straw and health effects, with the 645 municipalities in the State of  
São Paulo as the unit of  analysis, in 2010. The population of  the São Paulo municipalities 
where, in 2010, pre-harvest burning of  sugarcane occurred, was considered as the population 
exposed to burning of  sugarcane straw. The health effects were measured by standardized 
mortality and morbidity ratio (SMR), built from the variables deaths from respiratory dis-
eases (Chapter X of  the 10th Revision of  the International Classification of  Diseases - ICD-10), 
in the age groups above 65 year old; and hospital admissions for respiratory disease in age 
groups of  under five and over 65 years in each municipality. Both variables were taken from 
the IT Department of  SUS (DATASUS)10, of  the Ministry of  Health. We chose to use com-
prehensive data on respiratory diseases due to concern about the reliability of  diagnoses 
from secondary databases.

The reference rate used for indirect standardization was the total number of  hospi-
talizations and deaths in the State. However, such values of  the standard ratios are not 
independent estimates, i.e., possess spatial dependency (municipality with the other neigh-
bors), also known as autocorrelation15. To deal with the aforementioned instability in the 
SMR estimates and its autocorrelation, a first order neighborhood matrix was used, and a 
full hierarchical Bayesian model was adopted16.

To further reduce the noise in the analysis, months that had no record of  outbreaks 
were removed, since there is no exposure to pre-harvesting burning of  sugarcane in them. 
To this end, we analyzed the monthly number of  burning outbreaks obtained through sat-
ellite images from the Brazilian Institute for Space Research (INPE), obtained at http://
sigma.cptec.inpe.br/queimadas/. From 2006 to 2010, outbreaks ranged from 55 to 2,255 
and concentrated from April to October, according to Table 1, so this was the period chosen 
for the study. In addition, we chose to use indirect measures of  exposure to the burning of  
sugarcane straw. With the ease of  access to INPE data, three measures were tested: Sum of  
Monthly Total Points of  Burning Outbreaks (Outbreaks); Sum of  Monthly Average Optical 
Depth of  Aerosols (Aerosols) and Percentage (%) of  Burning per Municipality (PBM), 
area of  sugarcane harvested with burning, obtained from CANASAT Project (available at: 
http://www.dsr.inpe.br/laf/Canasat/index.html). This was divided by the official area of  
the municipality. This was done for each of  the 645 municipalities whose boundaries are 
defined by the Brazilian Institute of  Geography and Statistics (IBGE), according to infor-
mation at http://www.ibge.gov.br/home/default.

Based on weather data from the Environmental Information Integrated to Environmental 
Health System (SISAM), a partnership between the Ministry of  Health and INPE, the INPE-
SISAM Portal (available at: http://sisam.cptec.inpe.br/sisam), which provides daily and 
monthly data obtained by remote sensing or modeling, for all Brazilian municipalities, and, 
from the correlation analysis between these climatic variables and outcomes, the variables 
selected were: minimum humidity (%) and maximum temperature (°C), which, along with 
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the monthly average of  accumulated precipitation (mm/m2), were included in the model. 
The socioeconomic variables on educational conditions, sanitation and income, taken from 
the publication “Municipal Social Indicators”17, based on the Brazilian 2010 Census, com-
pleted the regression equation.

The proposed model considered that the number of  cases of  deaths or hospitalizations 
for respiratory diseases observed by municipality (Di) follows an exponential function with 
the Poisson distribution. The mathematical and computational advantages that the loga-
rithmic transformation provides allowed the testing of  the model described by Equation 1:

Ln (Di) / (Ei) = αi + β1 Exp. factor + β2 precipitation
+β3 maximum temperature + β4 minimum humidity
+β5 (%) sanitation + β6 (%) illiteracy + β7 (%) income (1/2 minimum wage)
I = 1, 2,..., 645.� (1)

In which:
Di = number of  cases of  deaths or hospitalizations for respiratory diseases, observed in 
individuals aged under five years or over 65 years in municipality i;
Et = number of  events expected in municipality i;
αi = natural logarithm of  the relative risk of  municipality i;
αk = effect of  the parameters adjusted in municipality i;
Exp. factor = (PBM, Aerosol, Outbreaks) indirect exposure to burning.

Points/year
month

2006 2007 2008 2009 2010
Total points/

month

January 256 55 77 233 104 725

February 236 185 67 123 443 1054

March 385 494 147 201 518 1745

April 1167 669 270 1230 879 4215

May 2335 994 733 1480 1108 6650

June 3232 1315 500 942 1853 7842

July 3893 993 1801 986 3393 11066

August 5785 2786 1947 1822 5785 18125

September 5236 3564 2775 993 6074 18642

October 2020 2130 1128 972 2255 8505

November 1357 783 1576 796 1449 5961

December 145 467 1430 273 317 2632

∑ 7 months (Apr. to Oct.) 23,668 12,451 9,154 8,425 21,347

Table 1. Points of burning outbreaks in the State of São Paulo, from April to October, 2006 to 2010.

Source: INPE data for all satellites.
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The analysis was performed using the MCMC estimation method (Markov Chain ‑ 
Monte Carlo), through the free software WinBUGS 1.4.018 (Win Bayesian inference Using 
Gibbs Sampling), suitable for Bayesian analysis of  complex models. For each outcome and 
municipality, approximately 10,000 interactions were performed, until the setting that best 
“softened” SMR estimates was obtained for each modeling. For this, only one Markov chain 
was used and the α = 5% significance level was adopted.

This study was approved by the Ethics Committee for Analysis of  Research Projects of  
Hospital das Clínicas, School of  Medicine, Universidade de São Paulo (HCFMUSP).

RESULTS

The database was composed of  the 645 municipalities in the State of  São Paulo. 
Data provided by CANASAT Project/INPE showed 483 municipalities being monitored 
to verify the pre-harvesting burning of  sugarcane straw in 2010, but as in seven of  them, 
the burned area was practically zeroed, 476 remained for analysis. For the descriptive anal-
ysis of  the variables in the State municipalities, shown in Table 2, it was observed that the 
percentage of  the area of  sugarcane harvested with burning (PBM) of  each municipality 
ranged from 4.7 to 47.6%; the points of  burning outbreaks ranged from 6 to 950 and the 
aerosol, 0.19 to 0.49, with a mean of  0.33. The SMR for the outcome “deaths” of  the age 
group over 65 years ranged from 0.61 to 4.64 with a mean of  0.96; for the outcome “hos-
pitalizations” for the age group over 65 years, the SMR ranged from 0.86 to 8.63 with a 
mean of  1.58 and, in children aged under five years, from 1.52 to 7.61 with an average 
of  1.18. It is noteworthy that the SMRs showed instability to express the risk, since these 
outcomes are relatively rare and often calculated on a small population, which could indi-
cate just a casual occurrence of  one or two cases ‑ more or less ‑ in a particular locality. 
Consequently, if  the analysis was to be produced with these raw data, it would not prop-
erly represent the process under study15.

Thus, with the Bayesian analysis, a standardized mortality or morbidity ratio were recal-
culated and adjusted for each municipality in the State. Each measure or exposure factor 
was analyzed separately and the results are shown in Table 3. Statistically significant asso-
ciation (p = 0.008) was observed between the increase in the number of  points of  burning 
outbreaks and the hospitalizations for respiratory diseases for children under five years old. 
Other outcomes and the exposure measurements analyzed were not significant.

DISCUSSION

This study, as well as others in the State of  São Paulo8-11,13,14, showed that there is an 
association between the pre-harvesting burning of  sugarcane straw and the occurrence 
of respiratory diseases, especially in children under five years old. The geospatial analysis 
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SMR: standardized morbidity and mortality ratio; PBM: percentage of the area of sugarcane harvested with burning per 
municipality; SD: standard deviation; Humidity (%), Temperature (°C), Precipitation (mm/m2).
Sources: SIM/SVS/MS, SIH/SUS/MS, SISAM/INPE IBGE.

Table 2. Descriptive analysis of the variables in the model for respiratory diseases and pre-harves-
ting burning of sugarcane straw, in São Paulo State municipalities, from April to October, 2010.

Variable Mean SD Minimum P25 Median P75 Maximum

SMR (Deaths > 65 years old) 0.96 0.58 0 0.60 0.93 1.24 4.64

SMR (Hospitalization < 5 years old) 1.18 0.96 0 0.56 0.92 1.52 7.60

SMR (Hospitalizations > 65 years old) 1.58 1.07 0 0.85 1.39 2.08 8.63

Burning outbreaks 33.71 70.20 0 0 6 38 950

Precipitation 51.32 8.08 31.47 45.36 51.41 56.76 82.10

Aerosol 2.91 0.50 1.5 2.6 2.9 3.2 5.20

PBM 7.80 9.15 0 0 4.69 11.57 47.59

Maximum temperature 23.70 2.05 18.06 22.35 23.9 25.47 27.19

Average temperature 19.86 1.75 15.39 18.5 20.06 21.31 22.79

Minimum temperature 16.37 1.23 13.35 15.37 16.3 17.37 18.86

Maximum humidity 88.06 3.21 81.4 85.24 88.95 90.50 94.45

Average humidity 73.60 5.45 65.61 68.42 73.52 78.91 84.51

Minimum humidity 57.49 6.38 48.82 51.31 56.74 62.42 71.35

Precipitation 51.32 8.08 31.47 45.36 51.41 56.76 82.10

% sanitation 80.28 15.42 20.86 73.83 84.43 91.27 99.93

% illiteracy 7.62 2.68 1.45 5.58 7.49 9.35 17.10

% income up to 1/2 minimum wage 24.70 9.58 5.64 18.13 23.22 29.10 65.74

PBM: percentage of the area of sugarcane harvested with burning per municipality; SMR: standardized mortality and 
morbidity ratio; SD: standard deviation.

Table 3. Standardized and adjusted mortality and morbidity ratio for pre-harvesting burning, in 
São Paulo State municipalities, from April to October, 2010.

Outcomes Mean SD P25 Median P75 p-value

SMR deaths > 65 years 

PBM 0,00353 0,00254 -0,00135 0,00350 0,00857 0,165

Aerosol 0,01491 0,04705 -0,06641 0,01460 0,11260 0,751

Outbreaks 0,00013 0,00019 -0,00023 0,00013 0,00050 0,477

SMR hospitalization < 5 years

PBM 0,00131 0,00518 -0,00769 0,00113 0,01214 0,800

Aerosol -0,10380 0,06417 -0,24550 -0,11310 -0,00804 0,106

Outbreaks 0,00080 0,00030 0,00017 0,00081 0,00135 0,008

SMR hospitalization > 65 years

PBM 0,00708 0,00450 -0,00188 0,00694 0,01624 0,116

Aerosol 0,01487 0,05267 -0,05834 -0,00409 0,10980 0,788

Outbreaks -0,00004 0,00028 -0,00061 -0,00004 0,00049 0,872
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of  the distribution of  the adjusted SMR indicated that, for each increment of  a point of  
burning outbreak, the SMR for hospitalizations for respiratory diseases in children under 
five years old increases, on average, 0.0008%.

These studies cited, by using different methodologies from the one employed here, 
make it impossible to directly compare their results, despite the common object of  study. 
However12,14, their results agree with this study, indicating association between burning of  
sugarcane straw and respiratory diseases in children.

Ecological studies generally suffer limitations due to the use of  aggregate data, because 
they do not offer the possibility of  applying the results directly to the individual level. 
However, considering that “the causes of  disease in individuals differ from the causes of  
incidence in the population”, the difference (excess) in illness rates in the 645 municipali-
ties in the State of  São Paulo was examined, in order to verify the effect of  “pre-harvesting 
burning” of  sugarcane straw. Therefore, we noticed the health condition of  the popu-
lation of  each municipality and not of  the individual, so this study can provide effective 
and applicable results on the definition of  public health policies. Thus, although it is 
not possible to state categorically that the hospitalizations observed had the practice of  
pre-harvesting burning of  sugarcane straw as the cause of  illness, it is possible to, through 
this type of  study, get maps showing the excess of  risk of  respiratory diseases territori-
ally distributed in São Paulo.

Spatial analysis tools used to control the autocorrelation allowed the simultaneous study 
of  the influence of  many variables that could play a role in the disease process. Thus, the 
issue of  health was analyzed from a completely ecological perspective, that is, all variables 
(exposure, disease and covariates) were ecological measures, as they have been extracted 
from the aggregate under consideration (municipality), taking health and disease in the 
environmental and socioeconomic contexts. The matrix approach used also allowed us to 
verify the influence of  the municipalities on their neighbors.

Failure to remove cases of  respiratory diseases due to smoking/tobacco is another 
limitation to be considered. However, as the analysis was stratified by age group, and the 
significant result obtained was for the group of  children under five, the problem is reduced 
to secondhand smoking. Furthermore, it is considered that the same type of  question could 
occur in all municipalities regardless of  the presence or absence of  pre-harvesting burning 
of  straw. So this may have caused only a non-differential misclassification.

As for the climate data used, access to the SISAM/INPE Portal made it possible to obtain 
climate data for each individual municipality, which increases the quality of  this analysis, 
which could be even more accurate if  they were used, instead of  annualized data or monthly 
climate information14.

Another change that could improve estimates would be the exchange of  exposure 
measurements. The fact that the burning percentage (PBM) was used instead of  the har-
vesting areas with burning may have hampered the investigation, because a large area of  
burning may represent proportionally little in case it is located in a municipality with a large 
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territory. This variable should therefore be replaced by the gross area of  harvest with burn-
ing in the municipality, or by the value of  the emissions of  the sugarcane sector, calculated 
from the new burning emission factor estimated by INPE19.

The current scientific knowledge shows that air pollution causes many health prob-
lems aside from respiratory diseases, such as cardiovascular disease20 and cancer22-23. 
Nevertheless, in this study, we chose to use only the outcome of  respiratory diseases. 
Therefore, the impact on health due to pre-harvesting burning of  sugarcane straw is 
probably underestimated.

Regarding socioeconomic variables, “education”, “sanitation” and “income” were used, 
as published in the “Municipal Social Indicators” series17. This publication was developed 
based on demographic data of  the Brazilian Census 2010, the same year of  the information 
collected, ensuring, therefore, accuracy in the analysis.

As a simplification of  reality, a model has always a way of  being improved and is never 
completely correct24. In any case, even if  the limitations raised are relevant, this does not 
invalidate the results.

This study may contribute to the adoption of  clear public policies towards the elimination 
of  burning as an agricultural practice and to guarantee the right to health and to a sound 
environment for the entire population, as provided in the Federal Constitution of  1988. It is 
noteworthy that, despite the adoption by the São Paulo sugarcane industry of  the propo-
sition for elimination of  pre-harvesting burning of  sugarcane straw, serving as an example 
of  social and environmental responsibility to other States in Brazil where pre-harvesting 
burning of  sugarcane straw is practiced, it is not mandatory. However, as this initiative has 
not yet become law18, being only an agreement, it is important to monitor its developments 
and verify the progress or not in this area. This attention is also valid for other sectors of  
agriculture, where burning is a common practice and the government’s efforts to eliminate 
them have had little success25.

The Department of  Health Surveillance of  the Ministry of  Health implemented the 
“Programa Vigiar” (“To watch” program) to measure, assess and prevent health risks to 
the population exposed to environmental factors related to air pollution. The results 
show that the pre-harvesting burning of  sugarcane straw does offer health risks to the 
population even in small municipalities21, where there is no regular measurement of  
air pollution by the São Paulo State Environmental Company (CETESB). In addition, 
the findings may also offer resources for action from epidemiological surveillance and 
for the establishment of  air pollution control policies that address these municipalities 
and major urban centers.

It is also observed that the lawsuits brought in “sugarcane municipalities” to eliminate the 
burning are rejected as unfounded, due to an alleged lack of  evidence to justify its ban26,27. 
The few actions considered well founded were tried under the “precautionary principle”27,28, 

which aims to ensure the protection against potential risks that have not been scientifically 
proven in the current state of  knowledge.
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CONCLUSIONS

The decision to burn or not the sugarcane straw should be treated not only as an eco-
nomic, political, social and environmental issue, but also as a health problem. This discussion 
brings up the current and recurring theme of  development linked to the preservation of  the 
environment and quality of  life. In addressing the activity of  sugarcane burning regarding 
the health of  the population of  the State of  São Paulo, the distribution of  an economic fac-
tor, the harvesting of  sugarcane with ‘straw burning’ and its impact on population health 
were studied. The incidence of  diseases is a consequence of  the behavior of  society and the 
social and economic impacts of  the strength of  the markets.

Therefore, the problems generated by the pre-harvesting burning of  sugarcane straw 
on the health of  the population of  sugarcane municipalities should be recognized. Data of  
harvesting with burning in the municipalities and the indicators of  morbidity and mortality 
from respiratory diseases analyzed subsidize the defense of  the elimination of  pre-harvest-
ing burning of  sugarcane and its replacement by its cut without burning (GH). In view of  
the results, the elimination of  pre-harvesting burning of  sugarcane straw has proven to be 
a necessary measure to improve the health of  the São Paulo State population.

Confronted with evidence that exposure to air pollutants has a measurable impact on 
human populations, it is necessary to implement epidemiological surveillance of  people 
exposed to burning. The elimination of  this risk factor should be part of  the primary health 
prevention measures to be adopted in the State.
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