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Abstract. Personal Protective Equipment (PPE) is considered the last preferred solution to an Occupational Safety Health 
(OSH) system.  Brazilian OSH legislation assumes and requires PPE usage to neutralize the possibility of pesticide contamina-
tion. This study examines the inadequacy of the PPE used in a tomato crop, particularly from the standpoint of thermal com-
fort. This study made observations regarding heart rate and body temperature in a controlled environment using a treadmill 
(with and without PPE) of 12 volunteers; and during the process of rural labor (at rest and in normal work routine) of 2 actual 
rural workers. Comparing the results of the treadmill test (with and without PPE) which tried to reproduce the same level of 
effort and environmental conditions of the actual rural work, this study demonstrated that PPE makes thermoregulation harder 
and tympanic temperature reaches higher values with the same level of effort. Moreover, body temperature increases quickly: 
with PPE it took 15 minutes to raise 1ºC in body temperature, compared to 40 minutes without PPE. The results of this study 
indicated that the use inadequate PPE might pose thermoregulation risk to rural workers. 
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1.  Introduction 

The use of PPE (Personal Protective Equipment), 
although the last preferred solution, must be consi-
dered within an integrated and systematic vision of 
occupational problems. For this reason, the efficiency 
of the entire occupational health and safety system is 
intimately related to the way a balanced choice of 
alternatives for prevention, protection and control is 
made [1].   

Various problems can cause PPE to be inadequate 
for certain working conditions. Some desirable cha-
racteristics that were designed to provide greater oc-
cupational health and safety may also introduce oper-
ational difficulties in many work situations. For ex-
ample, protective clothing that is more resistant to 
permeability can also be uncomfortable because it is 
too heavy and/or too hot to wear given the local cli-
mate. There is also the problem of adequacy of PPE 
to anthropometric characteristics. 

In Brazil this problem of the inadequacy of PPE to 
ergonomic and environmental conditions is particu-
larly present in agriculture, especially in small rural 
communities, where commonly farmworkers do not 
wear obligatory PPE while handling and applying 
agricultural chemicals (see Figure 1). One of main 
reasons is that many PPE items cause thermal dis-
comfort, which in extreme cases can even lead to 
heat stress [2]. 

   

Fig. 1 – Brazilian Rural Worker not using PPE 
 
 

The use of PPE is one of the alternatives used to 
protect the worker, having as consequence the ad-
verse effect on body's temperature balance, since it 
may impede the heat loss to the environment in a 
satisfactory manner [3,4].  

The immediate consequence is the increase in 
body temperature.  The thermal comfort is a relevant 
issue for occupational safety and health.  Some stu-
dies assessed the effects of temperature on human 
body [5,6].   

This study examines the inadequacy of the PPE 
used in a tomato crop, particularly from the stand-
point of thermal comfort.  This study addressed this 
subject from different perspectives: from the physio-
logical and clinical viewpoint to the sanitary and le-
gal aspects.  

 

2.  Thermal Confort 

The thermal physiology of the human body is 
complex, but can be said to function as a thermody-
namic system that regulates heat, trying to maintain 
internal body temperature near 37 ºC. Thermal com-
fort, then, is associated with the difficulty of losing or 
retaining heat to maintain proper body temperature 
[7] . 

However, although necessary for many work ac-
tivities, the use of personal protection items can inter-
fere in this thermal balance by hindering the loss of 
excess heat by the human body by convection, radia-
tion and evaporation. Heat is retained any time the 
human body cannot manage to lose enough heat be-
cause of the thermal isolation caused by the use of 
PPE, resulting in a consequent increase in body tem-
perature [5]. 

Temperature affects professional performance, and 
body temperatures above optimal limits affect physi-
cal and mental performance. If these limits are ex-
ceeded it can provoke physiological and pathological 
problems. In short, when the human body overheats, 
worker productivity declines [8 ,9]. 

However, the limits established in legislation for 
thermal comfort and temperature extremes are based 
on acute reactions of workers exposed to heat, not on 
chronic effects. For this reason, it can be said that the 
literature on continued and prolonged exposure of 
workers to heat still leaves much to be desired [6]. 

Another aggravating factor for the use of PPE by 
rural workers in countries with hot and humid cli-
mates is the fact that working under such conditions 
is more unhealthful than carrying out the same activi-
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ties in more amenable conditions. A worker carrying 
out a moderate activity under amenable conditions, 
using light clothing, takes an average of 90 minutes 
to gain 1.5º C of body heat. This same worker wear-
ing impermeable clothing made of synthetic material 
takes only 20 minutes to gain the same heat. There-

fore, the type of protective clothing, associated with 
environmental conditions, influences how long a 
worker can be exposed to these conditions within the 
range of thermal comfort [10]. 
 

  

 
 

3.  The Use of PPE in Tomato Crops   

A survey conducted by the Brazilian Institute of 
Geography and Statistics (IBGE) among tomato 
growers in a small rural community in the state of 
Rio de Janeiro in 1990 found that the majority of 
farmworkers (70%) did not customarily use any per-
sonal protection equipment when preparing and ap-
plying agricultural chemicals [2]. 

Preliminary results of another study conducted re-
cently among workers in this same region ratify the 
earlier findings of the IBGE.  This new study found 
that the majority of the workers are young (20 to 25 
years old) with little schooling (1 to 3 years of formal 
education). It was also observed that the farmworkers 
did not follow the recommendations on maintenance, 
washing, dressing/undressing, disposal and storage of 
protective gear. The main complaint about using PPE 
was thermal discomfort, particularly on hot days. 
Another common complaint was the difficulty of 
breathing caused by the face mask worn while apply-
ing agricultural chemicals. 

The basic components agricultural PPE (see Figure 
2) is: Rubber boots, impermeable pants, plastic face 
mask, long sleeve shirt, plastic apron, impermeable 
face and neck cover; and rubber gloves. 

 

 
Fig. 2 – Basic Agricultural PPE 

 
The region studied has a cool and dry winter and 

hot rainy summer. The average annual temperature is 
between 18 and 22ºC. However, at the extremes the 
temperature can exceed 40ºC in the summer and fall 
close to 0ºC at the highest altitudes in the winter. 

The protective clothing and gear, designed to mi-
nimize contamination by agricultural chemicals, also 
reduce air circulation within, causing a veritable stifl-
ing effect. Brazilian farmworkers often work over 12 
hours a day, six days a week, at outside temperatures 
that can reach 40º C with high humidity in the sum-
mertime, making for very insalubrious working con-
ditions that be detrimental to health. 

Considering the estimates presented above that it 
takes 20 minutes with PPE and 90 minutes with nor-
mal clothing for the body temperature of a worker 
engaged in moderate activity to increase by 1.5º C, 
the conditions of heat and humidity faced by Brazili-
an agricultural workers in reality means that using 
PPE as recommended can cause intolerable body heat. 

This makes the resistance of farmworkers to the 
use of certain protective items understandable. For 
them the tradeoff is between the certain and acute 
short-term thermal discomfort of wearing PPE and 
the risk of contamination, which in the majority of 
cases brings uncertain, chronic and long-term conse-
quences, ones that are asymptomatic and hard to di-
agnose [4] . 

4. Results and Discussion 

Thermal comfort is a relevant issue for occupa-
tional safety and health.  This study examines the 
inadequacy of the PPE used in a tomato crop, par-
ticularly from the standpoint of thermal comfort.   

In order to assess thermal comfort and PPE inade-
quacy, this study made observations regarding heart 
rate and body temperature in a controlled environ-
ment using a treadmill (with and without PPE) of 12 
volunteers; and during the process of rural labor (at 
rest and in normal work routine) of 2 actual rural 
workers.  
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The assessment of the workers condition, with and 
without PPE, was performed using a treadmill in or-
der to simulate the real work conditions.  In each 
working stage, a survey was applied, regarding the 
thermal sensation proposed by ISO 10551/95 in order 
to supplement monitoring, which enabled comparing 
selected method to a validated method. 

Among many measuring methods of body temper-
ature, this study selected tympanic temperature, as it 
method enables quick and precise measurements. 
Although the tympanic evaluation is not the most 
accurate method, it was considered the most suitable 
due to the particular conditions of this study [4]. 

In addition, there are some obstructions, such as 
the presence of a sweat layer on the inner ear that 
influences temperature measurement, as sweat tem-
perature is probably smaller than tympanic tempera-
ture. 

Tomato crops lengthen from 4 to 5 months, begin-
ning with soil preparation and ending with harvest. 
The observation, data collection and monitoring were 
conducted during an entire crop extent, covering all 
its phases. 

The stage of greatest risk to worker health starts 
after the plants attain a height of approximately 90 
cm. From this point, the need for pesticide applica-
tions is higher due to greater susceptibility to pests 
and crop diseases. The plants size increases the time 
taken to spray pesticides, resulting in a greater work-
er exposure.   

The experiment with the 2 rural workers was per-
formed during 3 normal days of pesticide spray in 
different crop phases.  The extent of the pesticides 
spray varied from 40 to 65 minutes.  The time-span 
to increase 1oC in the workers’ body temperature 
was around 15 minutes.  Environmental temperature 
varied from 26 to 29 oC. 

The questionnaire proposed by ISO 10551/95 was 
used to evaluate thermal comfort.  Furthermore, it 
was assigned a numerical value to each possible an-
swer to subsequently use the data to test for correla-
tion with the values obtained by measuring the tym-
panic temperature. 

Correlation was performed in data obtained, with 
the support of statistical software R. The test was 
done between the tympanic temperature values in 
first, second and third days of data collection and the 
values assigned in questionnaire (ISO 10551/95). 

Thus, the tests indicated high correlation between 
tympanic temperature and the thermal sensation per-
ception of rural workers. This result confirmed the 

possibility of using the tympanic measure to check 
the level of thermal stress during a workday. 

Comparing the results of the treadmill test (with 
and without PPE) which tried to reproduce the same 
level of effort and environmental conditions of the 
actual rural work, this study demonstrated that PPE 
makes thermoregulation harder and tympanic tem-
perature reaches higher values with the same level of 
effort. Moreover, body temperature increases quick-
ly: with PPE it took 15 minutes to raise 1ºC in body 
temperature, compared to 40 minutes without PPE. 

Core body temperature tends to increase with high 
temperatures.  This increase in body temperature can 
be higher than tympanic thermometer reflects.  Con-
sidering the possibility that tympanic measures unde-
restimate body temperature in values over 37.5°C, 
other vital signs should be considered harmful to 
human body, e.g. excessive thirst, moodiness, dizzi-
ness, and restlessness during work. The results of this 
study indicated that the use inadequate PPE might 
pose thermoregulation risk to rural workers.  
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