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ABSTRACT 

Work in the field is characterized as unstructured because it is performed in 
inconvenient postures, without a fixed workstation, exposing the worker directly to the 
sun and other inclement weather. This may interfere in the health and the performance 
of the activity. The objective of this work was to characterize the environment of the 
agricultural microtractor operator, evaluating the thermal comfort during the activity in 
the municipality of Quixadá, CE. A model TC14 Super Yanmar Agritech microtractor, 
coupled to a rotary spindle, was used. For the measurements of the environmental 
variables, sensors and devices were installed on the operator and in the microtractor. 
The experimental design adopted the assumptions of statistical quality control. Fifteen 
collections were done daily at different times for three consecutive days. The data 
obtained were indices of thermal discomfort and thermography, both of which were 
analyzed by sequential graphs (run charts), control graph (Xbar-R chart), and scatter 
plot. At all rates, the work performed proved to be inadequate, exceeding the operator's 
capabilities and limitations. It was concluded that the activity performed by the 
microtractor operator is stressful. Measures should be taken to improve working 
conditions without affecting the operator’s health. 

 
 
INTRODUCTION 

The environment of agricultural work involves 
activity in open air subject to diverse weather conditions. 
According to Gosling & Araújo (2008), agricultural activity 
represents one of the main sectors of the economy of Brazil. 
The rural worker is fundamental in the productive process, 
making it indispensable to study the health and safety of 
these workers under the various types of occupational 
hazard to which they are exposed.  

Thermal stress hampers the work activity of rural 
workers who carry out heavy activities associated with poor 
conditions, which can cause serious illness or even lead to 
death (Roscani et al., 2017). During physical activity, be it 
labor or not, the production of heat in the body increases. At 
such times, even with thermoregulatory mechanisms, high 
ambient temperatures can lead to heat stress and cause 
common pathologies, which do not compromise the 
thermoregulatory system, such as syncope and heat edema, 
and may cause pathologies that require emergency care, 

such as dehydration and hyperthermia (Camargo & Furlan, 
2011). 

Thermography is a technique used to distinguish the 
different temperatures located in areas of a region or a body. 
Its wide application makes it possible to use this tool in 
several areas that are currently being used in animal 
production (Chacur et al., 2016). Infrared thermography has 
been a successful tool for estimating the surface temperature 
of several species (Kotrba et al., 2007; Montanholi et al., 
2008). According to Gade & Moeslund (2014), infrared 
thermographic cameras have advantages over other 
technologies because they make it easy to capture images, 
and there is no need to contact the target—it is a noninvasive 
and painless practice. The generated images are two-
dimensional and make possible the comparison of the 
temperatures in different areas in the same image, and they 
do not cause side effects. 

In the context of mechanized agricultural operations, 
it is important to seek to execute processes within pre-
established standards and norms, stabilizing and increasing 
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the reliability and quality of products and processes (Barros 
& Milan, 2010). The evaluation of the operational 
performance of tractors and implements is of paramount 
importance for both the management of machinery and the 
manufacturer (Ranjbarian et al., 2017). By means of 
statistical process control (SPC) and its tools, it is possible 
to analyze the quality of an operation, associating process 
variability with quality in an antagonistic way (Noronha et 
al., 2011; Zerbato et al., 2014). 

Silva et al. (2015) argued that, for the success of 
agricultural operations, it is necessary to control and 
maintain quality by determining all factors that influence 
agricultural processes, and factor management increases 
productivity by reducing costs. The use of statistical process 
control in agricultural operations is an important statistical 
tool for solving problems, enabling the monitoring of 
processes and assisting in the decision making in 
mechanized agricultural operations. 

In quality operations improvement, quality control 
tools are used in process monitoring. In this context, SPC 
covers data collection and the analysis and interpretation of 
data for solving a particular problem (Paranthaman, 1990). 

The objective of this work was to evaluate the 
interference of environmental conditions in the occurrence 
of thermal stress in the agricultural microtractor operator 
during activity, using statistical control tools and a thermal 
comfort index in the Quixadá, CE region. 

MATERIAL AND METHODS 

The work was carried out at the Fazenda 
Experimental Lavoura Seca of the Federal University of 
Ceará located in the municipality of Quixadá, central 
hinterland of Ceará, 168 km from Fortaleza, at 4º 59'S 
latitude, 39º 01'W longitude of Greenwich, altitude of 190 
m. The period of data collection corresponded to the end of 
April and beginning of May, the climate of the region, 
according to Köppen (1918), is hot and semiarid with an air 
temperature ranging from 24 ºC to 28 ºC, relative humidity 
of 70%, and average annual precipitation of 838.1 mm 
(IPECE, 2018). 

The periodic soil preparation was performed with a 
rotary hoe coupled to a Yanmar Agritech model TC14 Super 
four-stroke diesel engine with a power of 10.3 kW (14 hp) 
and a weight of 433 kg. 

The experimental design was completely 
randomized, with 15 working hours and 3 replicates. 
Temperature, humidity, and thermography data were 
collected at the beginning, middle and end of 1 h of 
consecutive work distributed in five different shifts, totaling 
15 data collections on three consecutive days (6:00, 6:30, 7: 
00, 8:00, 8:30, 9:00, 11:00, and 11:30 a.m. and 12:00, 2:00, 
2:30, 3:00, 4:00, 4:30, and 5:00 p.m.). To evaluate the 
thermal conditions to which the operator was exposed 
during the execution of the activity, a HOBO 
meteorological miniature Pro v2 Data Logger model was 
installed in the microtractor for temperature collection and 
humidity (Figure 1).  

 

 

FIGURE 1. Mini Weather Station HOBO Pro v2 Datalogger installed in the microtractor 
 
The thermal discomfort index (TDI) was analyzed 

by an equation proposed by Giles et al. (1990) (Equation 1). 
The wind velocity data were also collected locally by means 
of the INSTRUTERM thermal stress meter TGD-400. 

TDI = AT − 0,55 ∗[(1 − 0,01 ∗ RU) ∗ (AT − 14,5) ]   (1) 

Where, 

TDI: thermal discomfort index (ºC) 

AT: air temperature (ºC) 

RU: relative humidity (%) 
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The thermography was obtained with a FLIR 
thermometer, model i3, emissivity of 0.98 recommended for 
human skin and positioned at a distance of 1.0 m from the 
target. 

The results were submitted to the Ryan–Joiner 
normality test to ascertain the normality of the data and/or 
the need for transformation. To analyze the quality of the 
process, statistical quality control tools were used: run 
charts, graphs to identify possible special causes of 
variation by monitoring the data over time, subgroup 

analysis control graphs (Xbar-R) representing the average 
of the three-day data collection process, and a dispersion 
diagram to evaluate the possible correlation of the variable 
TDI and thermography. 

 
RESULTS AND DISCUSSION 

The normal parameters of the discomfort and 
thermography index data showed a normal distribution 
according to the Ryan–Joiner test, as shown in Figures 2 
and 3. 

 

 

FIGURE 2. Ryan–Joiner test for thermal discomfort index. 
 

 

FIGURE 3. Ryan–Joiner test for thermography. 
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According to the run chart graph for TDI, the standards established in the analysis point to clustering patterns and an 
upward trend indicating a variation resulting from special causes and characteristic of the gradual change of environmental 
conditions. The data point to the existence of a nonrandom pattern, indicating the occurrence of special causes of variation 
(Figure 4). 

 

FIGURE 4. Sequential thermal discomfort index (run chart). 

 There is a tendency to increase the discomfort rate as the hours increase. According to Figure 5, the sequential graph for 
thermography presents a random behavior, indicating possible common causes of variation. The variation was inherent in the 
operator's own organism, which thermoregulates its temperature, even in adverse conditions.  

 

 

FIGURE 5. Sequential thermography chart (run chart). 
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The discomfort index presented instability over the hours, characterizing a variability of the data and the low quality of 
the same ones according to the premises that define the statistical control of quality. It was observed, according to the graph 
presented in Figure 6, only five points within the lower and upper control limits. 

 

 

FIGURE 6. Sequential graph (Xbar-R) of discomfort index. 
 
The lowest temperatures recorded in the day 

presented values of more than 24ºC, which, according to 
Guiles (1990), can cause discomfort in approximately 50% 
of the population. However, specific values of control were 
adopted at 27 ºC. According to Guiles (1990), from this 
temperature, the majority of the population shows relative 
discomfort and a deterioration of psychophysical 
conditions. Two-thirds of the observed points are above the 
specific limit. These increase throughout the day, showing 
a small decrease after 16 h, not enough to reach below the 
specific values. In the municipality of Quixadá, CE, the 
average annual temperature is 28.2 ºC, the average of the 
maximum is 33.4 ºC, and the average of the minimum is 
22.9 ºC (INMET, 2015). For an activity in adequate 
conditions of thermal comfort in the semiarid region of 
Ceará, the operation of the microtractor should occur 
between the first hours of the day and 9:00 a.m. 

A low incidence of winds with a speed of 1 km h-1 
was observed, a fact that aggravates the condition of thermal 
stress by heat throughout the day, mainly in hours of higher 
temperatures. In regions with a hot climate, the absence or 
low incidence of winds is not desirable, according to 
Pallotta et al. (2015), and the wind or the lack of it can be a 
limiting factor for the comfort of the individual. Mallick 

(1996) says that the comfort zone is intrinsically related to 
air velocity. The air flow over the skin causes the sensation 
of cooling in environments with temperatures of 30 ºC or 
more, similar to the environmental conditions of the present 
experiment. 

According to the collected data of temperature and 
humidity, it can be affirmed that the working environment 
of the operator in the climate of the city of Quixadá provides 
a condition of thermal stress by heat, because, in all the days 
of collection, the temperature surpassed 25 °C. Costa et al. 
(2010) emphasized that, in situations where the temperature 
is approximately 26 °C and air humidity between 65% and 
68%, it is possible to verify conditions of discomfort. 

According to Terjung (2000), temperatures that 
exceed 30 °C characterize high thermal stress. When 
temperatures exceed 30 °C and relative humidity is 
approximately 50% to 70%, the human body's thermal 
sensation is approximately 32.2 °C to 35 °C, and, when it 
exceeds 35 °C, the thermal sensation varies from 38.8 °C to 
42.2 °C. 

The thermographic images present the operator 
surface temperatures according to the evaluated target 
contrasting with the entire target environment according to 
the thermographic sensor capture (Figure 7). 
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FIGURE 7. Thermography at different times of day. 

The contrast of the operator's and ambient 

temperatures is observed in the images taken. In the first 

hours of the day, the temperature of the operator is above 

the temperature found in the environment. As the hours of 

the day pass, the surface temperature of the operator 

increases; however, the contrast between the operator and 

the environment is changing. The surface temperature of the 

environment becomes much larger than that of the operator. 

According to Roscani et al. (2017), exposure of the worker 

to heat combined with excessive physical exertion increases 

the risk of health hazards, and the normally uncomfortable 

clothing for this type of activity becomes an obstacle to the 

operator's heat exchanges with the environment. 

According to Almeida & Veiga (2010), the climate 

of the region is the determinant in the quality of body 

thermoregulation, making it necessary to consider the 

environment and the climate of the locality. 

Evaluating the quality graph of the thermography, 

only one discrepant point from the others is observed, and it 

can be called a nonrandom-cause effect (Figure 8). 
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FIGURE 8. Sequential thermography (Xbar-R). 
 
Points show a growing trend around the center line, 

and the average graph has a point outside the control limit, 
perhaps explained by the high temperature at this time. The 
TDI graph (Figure 6) shows that this point corresponds to 
the point of greater discomfort index. It is normal for the 
average amplitude of the thermography to be smaller than 
that found in the ID, because the human regulates the body 
temperature as we are homeothermic beings. 

When heat exchanges between the human body and 
the environment occur without much effort, the sensation of 
the individual is of thermal comfort, and the individual’s 

ability to work is maximum. The thermal discomfort caused 
by a heat wave, or excessive cold causes a decrease of 
worker's performance, overloading the body and causing 
dissatisfaction (Barbhuiya & Barbhuiya 2013).  

Hot and humid environments with temperature 
values of 32 °C and relative air humidity of more than 60% 
may alter heart rate, body temperature, and blood pressure 
(Shi et al., 2013). 

The behavior of the variable index of discomfort in 
relation to thermography is presented in the dispersion 
diagram in Figure 9. 

 

 

FIGURE 9. Scatterplot of TDI and thermography. 
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Analyzing the diagram, it is possible to observe that 
there is no correlation between the variables, i.e., the 
operator's surface temperature is not related to the TDI. 
This reinforces the statement that body temperature 
follows self-regulation in relation to ambient temperature. 
 
CONCLUSIONS 

1. Environmental variables in the municipality of 
Quixadá, CE make microtractor operation stressful for the 
operator, so operation should only be performed until 9:00 
a.m. or with regular intervals of rest. 

2. High temperatures and low wind speed are factors 
that further aggravate heat stress conditions. 

3. Statistical process control tools have proved 
effective for diagnosis in the prevention and detection of 
thermal stress conditions of the operator, making it possible 
to draw up an alternative strategy that reduces the impact of 
environmental conditions on the operator.  
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