S&G 17 (2022), pp. 327-344

POS:GRADUAGAD

DINAMICA

ISSN: 1980-5160 E DA TERRA
UFF

THE IMPORTANCE OF ASSESSING OCCUPATIONAL RISKS AND FACTORS THAT
COMPROMISE ENVIRONMENTAL COMFORT FOR STUDENTS AND PROFESSIONALS IN

Arthur Santos
arthurpdosantos@outlook.com
Paulista State University — UNESP,
Botucatu, SP, Brazil.

Henzo Simionatto
henzo.h.simionatto@unesp.br
Paulista State University — UNESP,
Botucatu, SP, Brazil.

Elson Felici
elson@unoeste.br

University of West Paulista —
UNOESTE, Presidente Prudente,
SP, Brazil.

Camila Chagas
camilacastroengprod@outlook.
com

University of West Paulista —
UNOESTE, Presidente Prudente,
SP, Brazil.

PROPPI / DOT

THE SCHOOL ENVIRONMENT

ABSTRACT

The knowledge integration encompassed by occupational safety and its analysis me-
thods has been increasingly used in many different types of organizations. This is due
to the importance of obtaining a healthy and safe environment for the collaborator. The
current work was carried out in a municipal public school in Presidente Prudente, Sdo
Paulo (SP), which serves kindergarten and elementary schools. As an objective, sugges-
tions for improving the work environment are proposed, aiming to provide more comfort
and satisfaction with it, in addition to identifying and evaluating the occupational risks
to which students and workers in the environment are exposed. To this end, a survey of
environmental risks was conducted within the existing risk classifications, and for this, the
Preliminary Risk Analysis (PRA) method and the relevance matrix were used. Moreover,
issues related to environmental comfort were also verified, analyzing the temperature of
the environment and its lighting at strategic points, and comparing them with the values
allowed by current legislation. The obtained results verified the true need for interven-
tions and adjustments in the workplace, both because of the presence of occupational
risks to which employees and students are exposed and because of higher environmental
comfort values than those permitted by law.
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INTRODUCTION

Itis becoming increasingly clear that unfavorable environ-
ments can generate great stress at work, causing discomfort
for employees and damaging their health.

Therefore, the search for measures to ensure safe and
healthy conditions in the workplace is recurrent, especially
in the school environment, where employees become direc-
tly responsible for the students. Thus, this place’s adequacy
can improve activities and prevent accidents at work since
the prevention of occupational risks can contribute to better
professional performance (Dias et al., 2020).

In view of this, Seixo (2004) states that, in the school envi-
ronment, students are exposed to a series of risks, although
they are almost always predictable. However, the predictability
of accidents may be linked to the large concentration of chil-
dren and young people in these places when they meet, inte-
ract, and practice motor and sporting activities (Seixo, 2004).

In Brazil, even though there are still few scientific studies
produced, there is an information gap regarding the acci-
dents that occur in schools and the risks imposed. There-
fore, studies focusing specifically on them are valuable be-
cause they occur frequently and cause losses to students,
employees, and parents (Gurski & David, 2015; Andrade &
Oliveira, 2005).

Given the above and knowing that these risk situations
may be directly related to the increased risk of accidents
(lida and Guimardes, 2018), Regulatory Standard No. 9 (NR9)
considers some occupational risks that managers should
constantly check (NR9, 2014), as well as offering environ-
mental comfort guidelines, presented by the Occupational
Hygiene Standard No. 11 (NHO11) (NHO, 2018), and using
the parameter values presented in the ABNT NBR ISO/CIE
8995-1 standard, which deals with the verification of indoor
lighting (ISO/CIE, 2013).

Therefore, this study focuses on analyzing the workers’
work activities in a publicly run school with students in
kindergarten through the fifth grade. Thus, throughout
the work, we sought to answer these questions: what are
the main risks related to the work to which the emplo-
yees of a kindergarten and elementary school are subjec-
ted, and how can these risks be eliminated or minimized?

At this point, it is important to highlight that although
several studies encompass ergonomic aspects exclusive to
the internal classroom environment, dealing with postural
and health issues only for teachers and students and their
relations with specific furniture in that theoretical learning
space, the studies involving the entire school unit and en-
compassing all its employees are rare.

Therefore, this work may contribute to society as a star-
ting point for future studies to develop a safe and healthy
environment for those who dedicate themselves every day
to providing an ideal environment for children and adoles-
cents who spend a large part of their lives in intellectual and
personal development at school.

Given the above, this study assesses the risks related to
the work of the employees of a public school for kindergar-
ten and elementary school. For this, the following specific
objectives were proposed: a) conducting the APR to identi-
fy occupational risks with the establishment of priorities; b)
elaborating the risk map of the school unit; c) measuring the
aspects of environmental comfort: luminosity and tempera-
ture; d) elaborating suggestions for improvement proposals
for the main problems found in the analyses and observa-
tions carried out.

METHOD

Study area

The environment in which the present research was con-
ducted is a school unit (Figure 1) located in the municipality
of Presidente Prudente, Sdo Paulo (SP), which started its ac-
tivities on March 3, 2004.

Currently, the school unit serves approximately 330 stu-
dents in the regular period, ranging in age from 4 to 11.
Currently, the unit has 25 employees, including three kin-
dergarten teachers who work at the pre-school level, ten
teachers who work from the 1st to the 5th grade of elemen-
tary school, and a support staff that includes four employees
from the general services team, three cooks, one janitor,
one principal, one pedagogical counselor, one clerk, and one
articulator teacher.

Besides the 25 employees, other workers work on speci-
fic activities and attend the school daily, such as interns, iti-
nerant teachers who attend special education, and teachers
from the Comprehensive Education Program, Cidadescola.

STUDY METHODOLOGY

The survey of environmental risks in each work sector of
the school consisted of a) determining and locating the main
sources of risk; b) identifying the possible paths and means
of propagation of the agents in the work environment; c)
recognizing the functions and analyzing the numbers of wor-
kers exposed; d) characterizing the activities and the type
of exposure; and e) identifying possible damage to health
related to the risks involved.
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Figure 1. School facade
Source: The authors (2022)

The quantification of environmental risks influencing the
aspects of environmental comfort in the studied environ-
ment was performed using specific measuring instruments
to measure the level of exposure to which workers are expo-
sed, such as light and temperature intensity. After this step,
the results were compared with the acceptance parameters
described in specific NRs and NHOs to help with the impro-
vement proposals.

The sectors chosen for the measurements were as fol-
lows: the kitchen, due to its specific activities; the kindergar-
ten and elementary school classrooms, where teachers de-
velop their work tasks and are thus exposed to several types
of situations that require evaluations; and, finally, the school
office, the administrative area where parents and students
are attended and where documents, letters, and other acti-
vities are processed.

All devices used for measurements were provided by the
Universidade do Oeste Paulista (UNOESTE). The collections
were performed between September and October 2019 on
different days and times due to the activities performed in
the various sectors.

For the luminosity verifications, we used the NHO-11 gui-
delines, the recommendation for the choice of measuring
points for the due calculations, and the parameter values
presented in the ABNT NBR ISO/CIE 8995-1 standard, which
deals with the verification of indoor lighting (Equation 1).
For these measurements, we used a Minipa lux meter, mo-
del MLM-1011 (Figure 2), and the illuminance calculation for
indoor work environments established by the Occupational
Hygiene Standard (NHO) 11 (2018).

Regarding collecting temperature data from the chosen
environments, we used a Minipa digital thermo-hygrometer,
model MTH-1362 (Figure 3). Data collection occurred at
specific points chosen according to the spaces where the
professionals involved in each environment develop their
activities since the standard needs to be more specific about
determining measuring points.

Data collections regarding temperature were performed
between September 17 and 20, 2019, in each environment
described and at different times.

The following steps were performed to obtain the
study’s results: Initially, a bibliographic review of the main
concepts and relevant works was carried out to understand
the subjects to be addressed. After this step, the APR was
built for each school sector, where the analyzed risks and
their classifications and adequacy proposals would be in-
cluded. Next, the measurement of the ambient light and
temperature indexes at the chosen locations was carried
out.

With the survey of the previous information and the data
obtained, it was possible to draw up a risk map of the site
and, ultimately, provide proposals for preventive and control
measures to minimize the risks found and avoid possible ac-
cidents arising from these risks.

It is noteworthy that the possibility of certain accidents
was considered for the size definition of the circles repre-
sented in the risk map. In case of confirmation, the severity
would be calculated, i.e., the level of consequence for the
individuals suffering the accident. Regarding the colors, we
used the standard recognized by NR: blue, mechanical risk;
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Figure 2. lux meter
Source: The authors (2022)

Figure 3. digital thermo-hygrometer
Source: The authors (2022)

yellow, ergonomic risk; green, physical risk; and brown, bio-
logical risk (NR 15, 2011).

RESULTS

Risk assessment: external area

The risk assessment started with the school’s external
areas that employees and students frequent. According to
a survey in the school’s incident book, this area, followed by
the playground, is where most accidents occur.

This result agrees with the research carried out in 20
schools participating in the UNIMED Vida project in the city
of Blumenau, which concluded that of the 278 accidents
recorded over a year, 41% occurred in the sports court
and 29% in the playground. According to the research, the
highest incidence of accidents happened during classes in
the locations surveyed (55%; Harada et al., 2003).

In addition, it was observed that the entire area around
the school court has iron grids for water drainage (Figure
4), but many of these grids have problems caused by the
weather. Many incidents have been reported with emplo-
yees and students who have tripped, fallen, and injured
themselves on these deformities, as it is a passage to enter
the court.

Another problem found in the external area relates to the
presence of urban pigeons (Figure 5) that make their nests
on the roof of the court and whose feces dirty several spots
that need cleaning almost daily.

The unit’s management reported that the municipality
recently contracted a company to control pigeon infesta-
tions in municipal schools; moreover, the alternatives imple-
mented by the contracted company still need to put an end
to the infestation. Initially, sound systems were installed to
keep the pigeons away, and later, the pigeon-repellent gel
was used on all the roofing hardware. Neither measure was
efficient, leaving this problem unsolved until the present
moment.



It is worth noting that pigeon droppings cause various is-
sues, the most serious of which is the presence of pathoge-
nic microorganisms and parasites in these birds’ excrement.
It is important to remember that these droppings can cause
diseases and that human infection can occur through the
respiratory system (Sarmento et al., 2019).

The school unit was built bordering a preservation area
and completely divided by a fence. Thus, there are constant
reports about the presence of poisonous animals, such as
snakes, spiders, and scorpions, and other wild animals, such
as opossums and teil, which often appear circulating in the
internal areas of the school unit.

The existing equipment in the unit, which is the Collec-
tive Protection Equipment (CPE), are the fire extinguishers,
which are placed in some points around the school (recep-
tion, kitchen, library, cafeteria, and hallways near the class-
rooms), and a fire hydrant in each corridor of the Elementary
School (Figure 6). The maintenance of the extinguishers is
performed within the correct deadlines, and they are pro-
perly sealed, ensuring that their use is efficient when neces-
sary.

In general, observing the school’s external environment,
some structural deficiencies were noticed that directly affect

S&G Journal
Volume 17, Number 3, 2022, pp. 327-344
DOI: 10.20985/1980-5160.2022.v17n3.1804

=
SsG 3

Journal

the routine of those involved within the school environment
and may negatively influence their physical integrity and
cause damage to their health.

The most relevant risk factors involving the external areas
of the school unit are represented in the APR (Chart 1) and
the risk control measures.

Kitchen

Great visual pollution was noticed in the kitchen, with
many objects scattered around due to a lack of space. A
wall divides the kitchen and the access counters for serving
meals, but they are not used for this purpose because the
meals are served in the thermal cart or on a table in the cafe-
teria so that students can serve themselves independently.

Poor lighting was identified because one of the lamps is
above the exhaust hood, blocking the lighting in much of the
same working space as the cooks. There they would need
good lighting for the good progress of the activities and the
reduction of visual fatigue during service hours (Figure 6).
The PRA performed in the kitchen is detailed in Chart 2,
where the various existing risks are grouped according to the
NR 9 risk classification.

Figure 4. Riscos encontrados na area externa
Source: The authors (2022)

Figure 5. Presence of urban pigeons
Source: The authors (2022)
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PRELIMINARY RISK ANALYSIS

Origin: External area No. of exposed employees: All APR No. 01

Risk/hazard identification

Risk Assessment

Risk

Generating source

Possible Consequen-
ces

Risk
Class

Prevention, correction, and control
measures

Heat

School open spaces
with few trees

Dizziness, fainting

Planting trees between the classroom

Physical | 3| 2| 6 blocks and around the playground

damage

. . Presence of pigeon | Several diseases that | Biologi- Installation of nursery screen on the
Pigeon droppings 315115
nests can cause death cal court cover
Burns,suffocation, manence o fre extugushers and
Probability of Fire Dry vegetation death, property Accident | 2 | 5 | 10 g

hydrants in visible locations and cons-
truction of barrier around the unit

Presence of insects
and poisonous and
wild animals

Bites and injuries
caused by animals

Allergic reaction,
stings, bruises

Deterrence, wall construction around

Accident | 4 | 2 8 the unit

Cut, abrasions, frac-
tures, death

Stairway to the

Falls .
main entrance

Accident | 4 | 5 | 20 Insertion of a central handrail

Chart 1. PRA of the external area
Source: The authors (2022)

The results presented in the kitchen PRA of the school
unit were evaluated to confirm the similarities cited in the
study developed by Lopes et al. (2019). The study concluded
that ergonomic problems were representative of the envi-
ronment; there were unacceptable working conditions and
physical arrangements and high physical, psychological, and
cognitive demands. In addition, there were work cycles with
excessive volume, many hours of standing, the adoption of
extreme postures, and an excessive number of constant mo-
vements and displacements.

Classroom

Observations were made on alternate days at different
times, and informal conversations were held with the tea-
chers of both modalities at the school.

With the professionals mentioned, the main problems
they felt concerning the type of activity and tasks involved
in the daily life of a teacher in the classroom were raised.
In this conversation, we noticed similarities in the aspects
of discomfort and risks found in both modalities, regarding
the aspects of environmental comfort, such as temperature,
ergonomic risks for the teachers, and accidents due to the
furniture in the environments.

Initially, through observations, there were ergonomic
problems and a risk of accidents due to the furniture that
was visibly inadequate, such as the teacher’s chair with
crooked legs.

There is also the problem of cabinets storing various ma-
terials and toys used by the children. Some of these cabinets
are old and at risk of falling and accumulating materials (Fi-
gure 7).

In conversations with the teachers about comfort in the
environment, they reported noise as the most uncomforta-
ble because the classrooms for early childhood education
are next to the sports court. This often forces them to close
windows and curtains, preventing the entry of natural light
and making the environment warmer and stuffier.

Chart 3 presents the PRA of the classrooms, contempla-
ting the risks found.

Secretariat

In this place, we saw that the lighting was deficient. The
employee’s work is almost entirely performed by the com-
puter, whose screen faces the luminosity coming from the
window, reflecting on the screen in a way that, according
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Figure 6. kitchen analysis
Source: The authors (2022)

Figure 7. Disorganized materials and old cabinets
Source: The authors (2022)

to the clerk, causes visual fatigue and stress (Figure 8). The
office’s PRA can be seen in Chart 4.

Kitchen lighting

Figure 9 shows the collection points instructed by NHO-
11. The data were collected in the kitchen on four consecu-
tive mornings between 8 a.m. and 11 a.m.

This time of day was chosen because, according to the
cooks, these are the busiest times of the day due to the
lunch hours of the classes, requiring more attention to the
tasks. The collection was performed between October 21
and 24, 2019, and the values are presented in Table 1.

According to standard NHO-11 (2018), it is recommend-
ed that the illuminance measured point by point in the ar-
eas where tasks are performed should be at least 70% of
the average illuminance. Therefore, considering the result
obtained, 70% of (/) is equivalent to 149.57 lux, i.e., none
of the points measured had a value equal to or lower than
this.

The standard NBR ISO/CIE 8995-1: 2013 recommends that
the illuminance values for environments such as the kitchen
should be 500 lux. Thus, the necessary changes should be
made to improve the brightness level, offering comfort and
safety to the cooks working in that space and increasing sat-
isfaction and productivity.

According to Medeiros (2021), the risks related to work-
ers’ health in kitchens can be considered a problem. Besides
being an important means of food contamination, these
risks expose employees, resulting in consequences for them.

In addition, it is worth noting that a study conducted in
food and nutrition units concluded that most employees felt
uncomfortable with the heat of the place, which entailed a
decrease in work performance, according to Silva, Drumond,
and Quint3o (2016).

Classroom luminosity

A kindergarten and elementary school classrooms were
chosen for the data collection on classroom brightness to

= 3
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PRELIMINARY RISK ANALYSIS
Origin: Kitchen Number of exposed employees: 03 PRA No. 01
Risk/hazard identification Risk Assessment
. . Possible conse- Risk Prevention, correction, and control
Risk Generating source R
quences class measures
. Take t ith th ks so that th
Alternating activities bet- aeriolrj'nrn:xrmine tc:sissi;?cheaove:
Cold/Heat ween stove and refrigera- Thermal shock Physical 3 P P g
and stove does not have access to a
tor/freezer
cold area
Adapt the environment so that there
Food preparation on the is more space around the stove,
Fire and Counter stove and use of sharp Burns and cuts Physical 6 | caution handling sharp utensils, and
utensils a quiet environment to perform the
tasks
. . . Respiratory disea-
Compound subs- | Cleaning and disinfecting ESplré or_y sea . PPE use (gloves, masks, boots, and
. . ses, skin diseases, | Chemi- .
tances or chemicals the environment and o . 6 aprons) to avoid contact of body
- . poisoning, allergies cal . .
in general materials . parts with the chemicals
or dermatitis
Manual weight Carrying pile of glass Replacing glass plates with stainless
. . Back, shoulder, E - ) .
lifting and trans- plates to the cafeteria; ack, s 09 e rgqno 10 steel plates, which are lighter and
) o arm pains mic L
portation lifting large pots more hygienic.
Other situations
that cause physicz?ﬂ Intense. pacing in short Stress, body aches Ergqno- 3 Increase.d cafeteria space may result
and/or psychologi- intervals mic in fewer playgrounds
cal stress
I . Back houl E - A f heigh h of
mpropgr posture Improper tank height ack and s oulder rgqno 15 dequacy of tap height and depth o
requirement pain mic the tank or replacement of
. Clashes between Adaptfatlon of t.he‘archltectural pro-
Improper physical small phvsical space emplovees and Accident 3 ject with the elimination of the wall
arrangement phy P p y' and the installation of cabinets and
furniture .
drawers for utensil storage
- ) leaki if ) P i i fth
Probability of fire Stove e‘fl ing gas or i Burns, suffocation, . reventive maintenance of the
. the valve is kept open by Accident 10 | stove/oven and gas outlet pressure
or explosion and death
forgetfulness control
o Ill-disposed and barred Eyestrain, stress, : Installation of more and higher po-
I lighti . . A t 4
mproperighting light bulbs lack of attention cciden wer LED lamps
Cutting, abrasions,
Falls Slippery floor fractures, and Accident 6 Use of specific PPEs (rubber boots)

death

Chart 2. Kitchen PRA

Source: The authors (2022)
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PRELIMINARY RISK ANALYSIS
Source: Early Childhood Education Number of exposed employees: 01 PRA NO. 03
Classroom
Risk/Hazard Identification Risk Assessment
. G ti . . P tion, tion, and trol
Risk enerating Possible Consequences | Risk Class R revention, correction, and contro
source measures
Side conversa- Stress, Noise-Induced .
) . . . A noise awareness program and
tions during class, | Hearing Loss, tinnitus, L )
. . . . . . . adaptations in the architecture
Excessive noise outside noise anxiety, attention de- Physical 8 ) .
. L . of the environment for acoustic
in hallways and viation, anxiety, loss of . .
I insulation
court vocal ability
Heat Small spaFe with Malaise, fainting Physical 3 Installation of pr_oper air conditio-
many children ning
Agglomeration of | Children too close | Proliferation of virus- . . School hygiene program and aware-
. Biological 10 . .
people together -borne diseases ness of contagious diseases
Inadequate furni- . .
- E - -
Inadequate pos ture for teachers | Back and shoulder pain rgqno 3 Provision of adequate and new furni
tures mic ture for teacher use
and students
Obiects drobpin Old closets with
u A PpINg many toys piled Wounds, injuries Accidents 12 Built-in closets on the lowest level
from high places up
Burnt-out light ) . . .
o Visual f X 3 . A f light bul f
Poor lighting bulbs and other |sua. atlgue. stress Accidents 8 djustment of light |:'>u bs and use 0
inattention natural light
low-power bulbs
The presence of
Bites and injuries insects and poi- | Allergic reaction, stings, . Dedication, building a barrier around
. . . Accidents 12 .
caused by animals | sonous and wild bruises the unit
animals

Chart 3. Classroom PRA
Source: The authors (2022)

Figure 8. Secretariat

Source: The authors (2022)
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PRELIMINARY RISK ANALYSIS
Source: Secretariat Number of exposed PRA NO. 05
employees: 04
Risk/Hazard Identification Risk Assessment
Risk
. . . P tion, tion,
Risk Generating source Possible Consequences Class/ F S R revention, correction, and
control measures
Category
High temperatures Proper air conditioning ins-
Heat and non-air-conditio- Malaise, fainting, stress Physical 4 2 8 P ) J
tallation
ned rooms
Outside noise in hall- | Stress, Noise-Induced Hea- A noise awareness program
. ways and courtyard, ring Loss, tinnitus, anxiety, . and adaptations in the archi-
Noises fans, telephone, and | attention deviation, and loss Physical 4 2 8 tecture of the environment
intercom of vocal ability for acoustic insulation
. . . . School hygiene and commu-
Public atten- Parents and Students Prol|feran9n of virus-borne Biological | 5 2 10 nicable disease awareness
dance diseases
program
Improper Incompatible chairs . . Furniture replacement and
postures and | and table height and Back pain (low back.paln), Ergqno 4 2 8 layout adaptation to the acti-
NP RSI, shoulder pain mic "
movements inefficient layout vities that are developed
Adaptation of the lamps to
S Visual fatigue, stress, inat- . artificial lighting or use of na-
2
Poor lighting Few bulbs tention Accidents | 4 8 tural light allied to the layout
adequacy

Chart 4. Secretariat PRA
Source: The authors (2022).

Gel.

Gel.

Figure 9. Points analyzed in the kitchen
Legend: Tank; Sink; Freezer (2X); Stove/Exhaust Fan; Countertop; Gel (2X)
Source: The authors (2022)
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Table 1. Results obtained at the measurement points
Score Results (lux) Average Score Results (lux) Average

pl 236 rl 204

216.5 (P)
p2 197 r2 194
tl 244 r3 178
t2 218 r4 154

212.75 (T) 184.25 (R)
t3 186 r5 185
ta 203 ré 199
ql 178 r7 159
q2 189 r8 201

191.25(Q)
q3 211
q4 187

Source: The authors (2022)

represent the median situation among what was observed
in all the classrooms.

Data was collected to calculate the average illuminance
of the kindergarten classrooms between October 21 and 24
between 2:00 p.m. and 2:30 p.m. at the marked points (Figu-
re 10). Table 2 shows the measurement results.

Applying the values obtained from the average luminosity
of the measured points, the resulting (/) value of 193.75 lux
was obtained. Therefore, 70% of (/) is equivalent to 135.62
lux, i.e., none of the measured points showed a value equal
to or lower than that presented.

However, even if the point-to-point measurement values
are compatible with the allowed average illuminance, the
standard NBR ISO/CIE 8995-1: 2013 recommends that the
illuminance values for classrooms should be 300 lux for pri-
mary and secondary schools and 500 lux for evening classes
and adult education. Thus, interventions should be carried
out to improve the brightness level, providing environmen-
tal comfort for developing teachers’ and students’ activities
in the classroom.

Regarding the calculation of the average illuminance of
the elementary school rooms, the said collection was per-
formed between 10:00 a.m. and 10:30 a.m. on October 21,
22,23, and 24, 2019, at the demarcated points, as shown in
Figure 11. Table 3 presents the results.

At this point, the resulting value of (/) was 310.69 lux. Ac-
cording to the normative recommendation NHO-11, the illu-
minance measured point by point in the areas where tasks
are performed should not be less than 217.48 lux, i.e., the
points t3 and t4 measured had lower values than the aver-
age illuminance (/) found.

As for the value of the average illuminance found in
the elementary school room analyzed, it was found to be
under the recommendation of the Standard NBR I1SO/CIE
8995-1: 2013 on the brightness parameter of 300 lux for
classrooms.

It is worth noting that the specific values below the al-
lowed are located at the back of the classroom, where the
shelves with materials and fluorescent bulbs do not have the
same intensity of white light as the others that the LED mod-
el already has replaced are located.

Luminosity: secretariat

In the secretariat, this collection was performed between
October 21, 22, 23, and 24, 2019, in the afternoon, between
1 p.m. and 1:30 p.m. It was performed at the demarcated
points, as represented in Figure 12. The results are presen-
ted in Table 4.

The secretariat’s calculation (/) was 162.72 lux. Accord-
ing to the normative recommendation NHO-11, the illumi-
nance measured point to point in the areas of task execution
should not be less than 113.9 lux, so the point p2 presented
in its average of measurements has a value lower than al-
lowed according to the standard.

Regarding the average illuminance value found in the
secretariat, it was found not to comply with the recom-
mendation of Standard NBR I1SO/CIE 8995-1:2013 nor with
Standard NHO-11 on the luminosity parameter of 300 lux for
offices and reception for public attendance.

Given this, it is worth noting that the one-off value below
the allowed value is located across from the secretariat’s
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Figure 10. Light measurement points: Kindergarten room
Source: The authors (2022)

Table 2. Results obtained at the measurement points

Score Results (lux) Average Score Results (lux) Average
pl 185 rl 269
178.5 (P)
p2 172 r2 231
tl 193 r3 254
t2 202 r4 211
172.75 (T) 216.125 (R)
t3 147 r5 203
t4 149 ré 196
ql 202 r7 187
a2 237 r8 178
189.5 (Q)
a3 163

Source: The authors (2022).

entrance door, which is preceded by a windowless corridor
with natural light.

It can also be observed that all the points measured near
the walls, except for the walls with the windows, obtained
lower values due to the bulbs’ location since they are locat-
ed in the central area of the office, even though these bulbs
are LEDs with higher white light intensity.

Room temperature analysis: kitchen
The verification of thermal comfort in the kitchen was

performed at four different points. The points were chosen
based on the statements and observations collected about

the places where the cooks spend the most time performing
their tasks.

The times described were purposely chosen due to the
busy working hours of the kitchen team since it is the stu-
dents’ lunch hours, which are divided into four intervals due
to space.

The data were collected on September 17, 18, 19, and
20, 2019, and the following values were obtained (Table 5):

Working in industrial kitchens is naturally character-
ized by higher temperatures than the outside tempera-
ture due to equipment such as ovens and stoves. The use
of this equipment at certain times, as in the case analyzed
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Figure 11. Brightness Gauging Points: Elementary school room
Source: The authors (2022).
Table 3. Average results obtained at the measuring points
Score Results (lux) Average Score Results (lux) Average
pl 459 370.5 rl 314
p2 282 (P) r2 302
t1 248 r3 344
t2 290 236 rd 370 324.87
t3 194 (M r5 327 (R)
t4 212 ré 313
ql 232 r7 318
q2 270 299.5 r8 311
q3 350 Q)
qd 346

Source: The authors (2022)

in this research, when there is a peak of work, shows that
the averages were above 34 °C, far above the ideal rec-
ommended by NR-17, which establishes that these envi-
ronments should have an effective temperature between
20 and 23 °C.

It is worth noting that the routines of an industrial kitchen
take place in borderline conditions of excessive noise, espe-
cially in school environments, heat, humidity, and lighting
problems, causing greater human wear and exposing em-
ployees to occupational diseases (Pinto et al., 2022; Abreu,
2013).

Room temperature analysis: classroom

For the classroom, a kindergarten classroom was chosen.
The measurements were performed when students were
absent from the classes to avoid jeopardizing the activities’
smooth progress. These measurements were taken in the af-
ternoon on September 23, 24, 25, and 26, 2019. The results
obtained are described in Table 6.

As verified in the readings, even the measurements tak-
en in the morning without students present already showed
higher temperatures than those recommended by NR-17.
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Figure 12. Brightness Gauging Points: secretariat
Source: The authors (2022)
Table 4. Average results obtained in the measuring points
Score Results (lux) Average Score Results (lux) Average
pl 176 1405 rl 203
p2 105 (P) r2 209
t1 178 r3 172
t2 291 196.25 ra 193 181.12
t3 195 (T) r5 173 (R)
t4 121 ré 176
ql 134 r7 160
q2 156 r8 163
133(Q)
a3 115
a4 127

Source: The authors (2022)

Since this environment requires more concentration for
the development of the activities of students and teachers,
the issue of high temperature brings significant environmen-
tal discomfort, bringing negative consequences for both.

According to the observations made and in conversations
with teachers and school management, the temperature is a
frequent cause of complaint by staff and students. The class-
room surroundings receive sunlight directly on their walls,
thus increasing the room temperature. In addition, fans
break constantly, or electrical problems take a long time to
be solved.

Room Temperature Analysis: Secretariat

The measurements were performed on September 17,
18, 19, and 20, 2019 at two different times for thermal com-

fort evaluation, whose values were described in Table 7.

Similar to the measurements of the previous environ-
ments, the values found are above the NR-17 recommenda-
tions for work environments, which should be between 20
and 23 °C, even in the early hours of the day.

The higher temperatures in work environments directly
impact the worker’s productivity in their activities, causing
stress and triggering a series of consequences for physical
and mental health.

School risk map
Based on the observations already presented, it was pos-

sible to draw up the General Risk Map of the school unit
(Figure 13).
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Table 5. Results obtained: kitchen temperature
Results (°C)
Schedule 17/09 18/09 19/09 20/09
10:00 a.m. 35.2 34.5 35.5 35.9
10:20 a.m. 35.8 34.8 35.6 35.9
10:40 a.m. 36.6 34.7 36.3 36.1
11:00 a.m. 36.9 35.0 36.3 36.5
11:20 a.m. 36.5 35.4 36.2 36.6
Average 36.2 34.8 36.0 36.2
Source: The authors (2022)
Table 6. Results: Classroom temperature
Results (°C)
Schedule 23/09 24/09 25/09 26/09
08:40 a.m. 27.5 29.3 30.1 28.9
02:40 p.m. 32.2 331 34.3 324
Average 29.8 31.2 32.2 30.6

Source: The authors (2022)

These findings support those of Nascimento et al. (2019),
who discovered many ergonomic risks (yellow) on a public
school’s risk map. These risks strongly indicate that most
employees and students are subject to back, arm, or leg pain
from staying in the same position for many hours. Moreover,
according to the authors, the chairs and tables used by tea-
chers and students were incompatible with the anthropo-
metric measurements of many of them.

Improvement Proposals

For improvements in the kitchen, we highlight the points
related to lighting and temperature, which could be allevi-
ated through the repair of the industrial hood - urgently -
given that the city has as its main characteristic high tem-
peratures. Consequently, the kitchen environment becomes
hotter, so the good functioning of the exhaust hood for heat
removal becomes primordial.

Still, it is recommended that the kitchen be reformulat-
ed and adapted so that activities can be performed more
comfortably because the structure does not allow for easy
circulation of external ventilation, making the environment
even hotter.

Concerning the classrooms and secretariats evaluated,
it is important to install air conditioning in all these spaces
because the temperature analyses showed that the ambient
temperature in these places is above what is recommended
by the legislation in effect, causing consequences in the de-
velopment of everyone’s work.

Still, in relation to temperature, some alternative mea-
sures can be implemented, such as planting trees around
the school building at specific points on the ground to form
a natural barrier to the sun’s rays that fall directly on the
building’s walls. This measure can reduce the temperature
and allow windows and doors to remain open because there
will be less light reflection.

To reduce the risks of physical and ergonomic accidents,
it is initially suggested that a program of education and oc-
cupational safety be developed for the staff of teachers, em-
ployees, and students, addressing aspects that are present
throughout the physical space. Good knowledge of the phys-
ical space, such as its limits, deficiencies, and positive points,
allows for better clarity in accident prevention. In the event
of an occurrence, the program can provide knowledge about
the provisions for each case.
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Table 7. Results: secretary temperature

Results (°C)

Schedule 17/09 18/09 19/09 20/09
09:00 a.m. 30.5 28.6 29.9 30.8
01:00 p.m. 334 32.8 329 34.5

Average 36.2 34.8 36.0 36.2

Source: The authors (2022)
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Figure 13. Risk map of the study area
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Source: The authors (2022)



Lastly, because this is a public administration institution,
the difficulty in acquiring proper and new furniture is well
known. However, we cannot ignore that many pieces of fur-
niture and parts of the building’s physical structure urgently
need to be assessed and corrected to prevent accidents. The
corrections include the adaptation of the fencing around the
school unit, which has a vegetated area that allows the entry
of various wild and venomous animals into the internal area
of the school.

CONCLUSION

The use of PRAs and Risk Map allowed concluding that
these can serve as a basis for possible improvements by the
management and demonstrate in a more didactic and visual
way the various risks involving the school sectors.

Regarding the analysis of temperature and light, it was
found that there is a need to improve all sectors analyzed,
bearing in mind that these factors are extremely important
for comfort and are directly related to employees’ and stu-
dents’ performance.

In this study, no focus was given to ergonomic prob-
lems, but their evaluation is recommended due to the use
of non-ergonomic materials and furniture. Moreover, it
was found that the site does not have Individual Protection
Equipment (IPE) suitable for their respective functions, and
this situation is a recommended approach for future studies.
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