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The present study has aimed to identify the perceptions of apprentice welders about physical, chemical, biological, and physio-
logical risk factors to which they are exposed; identify types of occupational accidents involving apprentice welders; and report
the development of a socioenvironmental education intervention as a tool for risk communication for apprentice welders. A
quantitative study was performed with 161 apprentice welders in Southern Brazil in 2011. Data collection was performed via
structured interviews with the apprentice welders about risk perception, occupational accidents, and time experienced in welding.
The data were analyzed using SPSS 19.0. The participants identified the following risk types: physical (96.9%), chemical (95%),
physiological (86.3%), and biological (51.5%). In this sample, 39.7% of apprentice welders reported occupational accidents and
27.3% reported burning. The inferential analysis showed that the frequency of risk perception factors increases with the length
of experience, and apprentice welders who have experienced accidents during welding activity perceive a higher amount of risk
factors than those who have never experienced them. It is concluded that apprentice welders perceive risks and that they tend to
relate risks with the occurrence of occupational accidents as an indicator of the dangerous nature of their activity.

1. Introduction

This paper discusses the perceptions of apprentice of the
risks they are exposed to during the welding activity. It also
presents the occurrence of accidents in this activity and the
development of a socioenvironmental education interven-
tion as a tool for risk communication (RC) for apprentice
welders. In different countries, for example, Nigeria [1], Sri
Lanka [2], France [3], Denmark [4], Turkey [5], and Brazil
[6], the issue involving the health and safety of welders is
being discussed.

The motivation for the proposed paper came from a lit-
erature review about the theoretical approach of risk percep-
tion (RP) [7–9]. On this occasion, the researchers observed
the coherence and the need to analyze the issue of human risk

in different environments, among these, the apprenticeship
environment, in relation to apprentices, which includes
social, cultural, and political aspects in its production and
reproduction [10–12].

Specifically, the interest in studying RP of apprentice
welders is because the belief holds that the apprenticeship
process represents a moment for dialogue, with the capacity
of the dissemination of knowledge and the application of
technology related to workers’ health and the environment.
In other words, during the apprenticeship, the apprentices
should be encouraged to apply the knowledge learned about
their health and on the future work environment. Besides
this, it is believed that within this apprenticeship process,
perceptions can be changed, from the comprehension of
scientific knowledge and individual and collective behavior,
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which can assist workers to produce healthy work environ-
ments. Primarily, the change or the creation of awareness
about health, illness, and work can be enhanced in the
apprenticeship process with the aim of directing the percep-
tion of what may or may not influence or even determine an
injury, an illness, or better health conditions for workers and
their work environment.

The literature regarding apprentice welders shows the
concern about the achievement of improving welding tech-
niques [13–15]. Specifically, in the area of health, the investi-
gations include genetic disorders, respiratory problems, and
exposure to metals. At first, a research about chromosomal
aberrations in military apprentice welders in Aberdeen, MD,
USA, exposed to oxide ozone was discussed. Blood samples
were collected from 273 apprentices for a period of 12 weeks.
No statistically significant increases in chromosomal aber-
rations were found [16]. Cohort study aimed to determine
the incidence of probable occupational asthma, bronchial
obstruction, and hyperresponsiveness among 286 students
entering an apprenticeship programme in the welding
profession. The incidence of probable occupational asthma
was 3%, 11.9%, of bronchial hyperresponsiveness, defined as
>3.2-fold decrease in the provocative concentration, causing
a 20% fall in the forced expiratory volume in one second
from baseline to the end of the study. These results show
that exposure to gases and welding fumes is associated
with changes in respiratory function [17]. However, a study
sought to identify neuropsychological effects of low levels
of exposure to manganese. The cognitive performance,
motor control, and psychological tests were performed and
assessed for 46 apprentice welders at a local union welding
school. Although the levels of manganese exposure were low,
neuropsychological effects can become manifest, especially in
relation to mood, attention, and fine motor control [18].

A search of the literature showed that there are texts that
present apprentice welders as subjects, covering the welding
technique and health of the subjects. The improvement of
welding techniques contributes to the reduction of accidents
during this activity, as it does regarding possible injuries and
accidents as a result of the welding activity. However, there
were no texts that show that RP is related to the activity of
apprentice welders and the concern with the apprenticeship
process about health and safety at work, from of theories
of RP and RC because the approaches are necessary for the
system management of risk to human health at work.

According to the theoretical orientation, this research
assumed that the notion of risk perception involves two fac-
tors: the magnitude of the potential loss and the probability
of its occurrence [19]. In other words, the existence or not
of different risk factors and occupational accidents might
explain why people perceive the same risk in very different
situations or why the same individual might perceive risk dif-
ferently, depending on when he or she is asked about it [20].

Risk perception encompasses both personal and work
environment-related ideas and constructions because, to
perceive it, you have to believe it [19]. Therefore, the study
of apprentice welders’ RP is important, as individuals are
responsible for the risks perceived in the work environment.
That individual might have caused the risk which an

individual perceives. This creates the possibility of changes to
minimize or even eliminate risk factors related to individual
behavior or even in their own working conditions. One of the
processes of interaction to promote the various changes may
be the tool of RC.

RC is here understood as an interactive process of
exchange of information and opinion among individuals,
groups, and institutions [21]. RC can also help promote
changes in individual and collective behavior. RC theory and
practice may include public participation and conflict resolu-
tion. RC, as aforesaid, was used as a tool for the develop-
ment of a socio-environmental education intervention with
apprentice welders.

Another theoretical orientation is a classification of dif-
ferent risk factors that the apprentice welders are exposed to.
Therefore, the Act of 16 June 1999 [22] was used, which pro-
vides occupational hygiene and safety standards and the
obligations of employers and employees to create a safe
work environment, organization of hygiene and safety at
the level of the enterprise, institution, and state, procedures
for settlement of disputes in this matter and responsibility
for breaches of established standards. In the specific case
of apprentice welders, during welding activities, they are
exposed to various occupational risks generated by chemical,
physical, biological, and physiological risk factors.

Physical risk factors to which apprentice welders are
exposed include noise from welding machines and the heat
of the flame from the burning of a gas mixture. Chemical
risk factors include contact with different metals. Biological
risk factors may be related to inflammation of the ear due to
the use and exchange of earplugs. Physiological risk factors
are incorrect posture during welding activity because the
apprentice welders perform the activity on a flat piece of
metal and they must move around the piece to hold the
solder. This characteristic of the welding process causes the
apprentice welders to have postures for better results of
welding which are not necessarily ergonomically correct.

These factors can create or worsen occupational diseases
and accidents, which depend on the nature of the risk,
the degree of exposure, a lack of protective measures, work
conditions and rhythms, and the worker’s function [23].
An occupational accident is defined as a fire, explosion, or
another occurrence at work, which may endanger the life or
health of employees or that of other persons [22]. In this
study, it is understood that the welding apprenticeship con-
stitutes a time of preparation for work, so accidents that may
occur in this environment will be occupational accidents.

The welding activity in the workplace or in the appren-
ticeship environment promotes the occurrence of accidents
caused by different risk factors. In other places, it is possible
to identify health problems related to noise, provoking
irritability of the worker, physical stress, and decreased
hearing ability [24], among others. The inadequate postures,
the long working hours standing, and repetitive movements
may cause injury and pain in the cervical spine and upper
and lower limbs [25]. Contact with chemicals, metal solids,
or fumes are singled out as a major concern in the appren-
ticeship environment. Exposure to different chemicals,
such as chromium, is associated with the incidence of lung
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cancer [26]; cadmium is related to renal dysfunction [27];
and copper, manganese, and molybdenum are associated
with respiratory disorders [28]. Chemical hazards are recog-
nized in the literature and in different studies as a risk of
greater magnitude; however, it is important to identify the
apprentice welders’ perceptions of exposure during welding
activity in order to be able to understand all risk factors in
relation to their workday apprenticeship.

For these reasons, the present study has aimed to iden-
tify the perceptions of apprentice welders about physical,
chemical, biological, and physiological risk factors to which
they are exposed; identify types of occupational accidents
involving apprentice welders and; report the development of
a socio-environmental education intervention as a tool for
risk communication to apprentice welders.

2. Methods

This study consists of two phases. The first phase is a quanti-
tative, exploratory, and descriptive study involving appren-
tice welders, conducted in 2011 in Rio Grande (RS, Brazil).
The second phase consists of the report of a socio-environ-
mental education intervention as a tool for RC for apprentice
welders enrolled in this study from the results obtained in
the exploratory study (first phase), conducted in 2011 in the
same region.

This study is part of a larger research project entitled
“Health, Risks and Occupational Diseases: An Integrated Study
in Different Work Environments” [29]. It was approved by
the Research Ethics Committee of the Federal University of
Rio Grande (Universidade Federal do Rio Grande—FURG).
Apprentice welders were included in the study after signing
an informed consent agreement. The study was conducted
using public funds (National Counsel of Technological and
Scientific Development—CNPq) and linked to the Labo-
ratory of Socioenvironmental Process Studies and Collective
Production of Health (LAMSA) research group of the
Nursing School of the Federal University of Rio Grande.

2.1. Subjects. The study subjects were apprentices enrolled
in the technical programme for training as welders in Rio
Grande (RS, Brazil). Eleven classes from the technical pro-
gramme were invited to participate in the study. All agreed
to participate. Of the total 162 apprentices, 161 agreed to
participate in the first phase of the study, representing a
response rate of 99.3%.

For the second phase, consisting of a socio-environ-
mental education intervention as a tool for RC, six classes (86
apprentice welders) were invited, all of which participated
in the first phase. In addition to the apprentice welders, six
members of the research group LAMSA also participated,
as mediators of the socio-environmental education interven-
tion.

2.2. Questionnaire and Data Collection. The first phase of
the study was conducted, based on the following questions:
how apprentice welders perceived the risks to which they
are exposed and which occupational accidents apprentice

welders reported as incurred by them during welding acti-
vity? From the theoretical basis assumed in the study, the
existence of a relationship between RP and accident involve-
ment by apprentice welders was assumed. Data collection
was performed in 2011, through a structured interview from
a questionnaire, composed of mixed questions—multiple-
choice and single-choice.

The structured questionnaire had multiple-choice and
single-choice questions corresponding with the following
variables: participant characteristics (gender, age, skin col-
our/ethnic origen, level of schooling, and marital status);
time of experience in welding; RP among apprentice welders
(the identification of chemical, physical, biological, and phy-
siological risk factors); the occurrence of occupational acci-
dents self-reported by apprentices.

Upon the completion of the first phase of the research,
the authors organized a Socio-environmental education
intervention (SEI) in the study group (second phase). The
results of the first phase were used to develop RC concerning
the risk factors of the work environment as an apprenticeship
tool to help apprentice welders for the promotion of indi-
vidual and collective health in the workplace. After analyz-
ing these data, the issues to be developed during SEI
with apprentice welders were organized. The topics included
occupational risk generated by chemical, physical, biological,
and physiological factors; risk perception and occupational
accidents; prevention of accidents or health problems. To
work out these issues, the approach of the theme of percep-
tion of risk factors was focused upon (physical, chemical,
biological, and physiological) to which apprentice welders
are exposed and accidents arising from the characteristics of
the welding activity performed by them. This was achieved
through discussion with apprentices about personal protec-
tive devices (PPD) that could minimize the risk exposure
of the apprenticeship/work environment risks and possible
strategies identified by apprentices to minimize the risks.

2.3. Data Analysis. The Statistical Package for Social Sciences
(SPSS) software version 19.0 was used to organize and
analyze the data (first phase). Firstly, descriptive analysis was
made and then further inferential analysis was performed.
The relation between time of experience in welding and
apprentice welders RP was analyzed using the Spearman
correlation coefficient. To verify if the apprentices who
have suffered an accident at work differ in the time they
are exposed to such accidents with those apprentices who
have never suffered an accident, the nonparametric Mann-
Whitney test was performed.

For organization of SEI, the results from the research
(first phase) were used together with scientific research in the
literature to support the targeted intervention for the risks
in the welding apprenticeship environment. The scientific
research was structured, based primarily on Diseases Work-
Related Manual, American Welding Society, Act of 16 June
1999, documents of the World Health Organization, and the
Prevention Report of RC [21–23, 30, 31]. These documents
include aspects of the health surveillance of workers exposed
to different risk factors in their work environment and the
prevention of exposure to these factors.
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For the development of SEI, the principles of RC were
used as follows: confidence in the message that is being devel-
oped, (in this way the workgroup can trust the content which
is being presented); reiterate the scientific evidence with
examples of the daily work of the workgroup as identification
of the real experience of the apprentice/worker; diversify the
examples in order to show different realities with similar
results, clearly, briefly, and effectively; promote useful infor-
mation about the objectives of the workgroup, which is rel-
evant to understanding the intended message; recognize that
the group generally do not appreciate uncertainty expressed
in numeric terms and that this may require more detailed
explanation. Also be sure to use clear, nontechnical language
to discuss risks and other specific information, indicating the
nature, form, severity, or magnitude of the risk.

3. Results

3.1. Participant Characteristics. The sample included 161
apprentice welders enrolled on the technical programme
for training as welders in Rio Grande, RS, Brazil. Most
apprentices 132 (82%) were male; 95 (59%) were ethnically
white; 87 (54%) were single. Their ages ranged from 18 to
56 years, with an average of 28.46 years (±7.14). 84 (52.2%)
had finished secondary school (Table 1). Regarding time of
experience in welding, 97 (60.2%) had none, 60 (37.3%) had
experience, and 4 (2.5%) did not answer the question on
experience. The average of time of experience ranged from
2 to 204 months, with a mean of 28.13 months (±38.98).

3.2. Risk Perception. The results of the questionnaire on
RP in the welding apprenticeship environment showed that
156 (96.9%) apprentice welders identified physical risks; 153
(95%) chemical risks; 139 (86.3%) physiological risks; 83
(51.5%) biological. Among the risk factors identified, the
most frequent was the heat during welding activity, cited by
128 (79.5%) apprentice welders (Table 2).

A correlation analysis was carried out between the
amount of perceived risks and time experience of the
apprentice, via the coefficient of Spearman (P). The results
show that the frequency of perception of physical risk factors
(ρ = 0.201; P = 0.011) and physiological (ρ = 0.217; P =
0.006) increases with the length of experience. The analysis
of chemical and biological risk factors showed no significant
correlation with time of experience in welding. Please note
that when tested on the set of risk factors (physical, chem-
ical, biological, and physiological), a statistically significant
correlation coefficient (ρ = 0.256; P = 0.001) was also shown.

3.3. Occupational Accidents. Occupational accidents were
reported by 64 apprentice welders (39.7%). Of these, 42
(26.1%) occurred during apprenticeship activity, 21 (13%)
occurred during welding remunerated activity, and 01
(0.6%) reported the accident during welding activity at
home. The most frequently reported occupational accident
was skin burns during welding activity, which was reported
by 44 apprentice welders (27.3%) (Table 3).

The nonparametric Mann-Whitney test showed that
among apprentices with experience in welding, the group

Table 1: Demographic characteristics of the study subjects (n =
161)∗.

Variables Categories n Percent (%)

Gender
Male 132 82.0

Female 27 16.8

Marital status

Single 87 54.0

Married 64 39.8

Separated 5 3.1

Widowed 1 0.6

Skin
colour/ethnic
origen

White 95 59.0

Black 31 19.3

Brown 25 15.5

Asian 3 1.9

Indigenous 3 1.9

Schooling

Elementary school,
incomplete

15 9.3

Elementary school 8 5.0

Secondary school,
incomplete

30 18.6

Secondary school 84 52.2

Higher education,
incomplete

11 6.8

Higher education 8 5.0

Postgraduate
education,
incomplete

2 1.2

∗
Numbers for each item may total less than total numbers because of miss-

ing values.

that had suffered an occupational accident had greater expo-
sure time (median = 27 months) than the group that had not
suffered any occupational accident (median = 12 months),
and this difference was statistically significant (P = 0.012).

Aiming to investigate whether RP is different for appren-
tices who have suffered an occupational accident, the data
were submitted to the Mann-Whitney test. From the result
(U = 2128.000; P = 0.039), it is noted that apprentices who
have experienced occupational accidents perceive a higher
amount of risk factors (median = 9) than those who have
never experienced them (median = 7).

3.4. Socioenvironmental Education Intervention with Appren-
tice Welders. The SEI included the participation of 86 appre-
ntice welders and six researchers from LAMSA. Six appren-
ticeship workshops (AW) were conducted, each one with a
class of apprentices enrolled on the technical programme
for training as welders in Rio Grande (RS, Brazil). The time
used for the planning was 40 hours with 4 hours for holding
each of the AWs, totalling 24 hours. Each class had about
14 apprentices. The AW occurred where apprentices had lec-
tures for training as welders. Also, as mentioned before, this
practice included the Health Promotion in Different Work
Environments Programme (HPDWEP), of LAMSA, the
School of Nursing, the Federal University of Rio Grande, RS,
Brazil. The HPDWEP consists of a set of coordinated actions
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Table 2: Perception of apprentice welders about physical, chemical,
biological, and physiological risk factors (n = 161).

Risk factors n Percent (%)

Physical

Heat 128 79.5

Noise 102 63.4

Ionizing radiation 83 51.6

Nonionizing radiation 41 25.5

Vibrations 24 14.9

Abnormal pressures 18 11.2

Moisture 13 8.1

Cold 9 5.6

Chemical

Gases 122 75.8

Dust 91 56.5

Chemical products 58 36

Fumes 58 36

Vapours 51 31.7

Mist 15 9.3

Fog 8 5

Biological

Bacteria 43 26.7

Fungi 38 23.6

Virus 28 17.4

Bacilli 8 5

Parasites 6 3.7

Protozoa 6 3.7

Physiological

Poor posture 96 59.6

Repetitive strain 56 34.8

Inadequate ventilation 53 32.9

Use of inappropriate equipment 47 29.2

Inadequate lighting 35 21.7

Rhythm of overwork 32 19.9

Requirement productivity 30 18.6

Machines and/or inadequate
equipment

29 18

and continuous shaft in promoting social and environ-
mental health in different work environments, the environ-
ments of which are included in the study group’s academic
LAMSA.

The SEI was developed, based on the RC concept [7–
9, 32]. The content (message) about the nature of risk was
developed through the classification of risk factors (physical,
chemical, biological, and physiological) and occupational
health and safety legislation of the Brazilian Ministry of
Health, the Occupational Safety and Health Act of 16 June
1999 of the International Labour Organization (ILO).

3.5. PPD Used during Welding Activity. To trigger the devel-
opment of communication (first step) with the apprentices

Table 3: Occupational accidents reported by apprentice welders
(n = 161).

Occupational accidents n Percent (%)

Skin burns 44 27.3

Electric shock 8 5.0

Eye irritation 20 12.4

Explosion caused by flammable gases 4 2.5

Explosion caused by inadequate electrical
installations

3 1.9

Cutting of the hands 3 1.8

Injury caused by falling pieces 1 0.6

Fall from scaffolding 1 0.6

Eye burn 2 1.2

who are participating in the intervention, the following
question was used: what PPD is used during the welding acti-
vity? The responses were expressed on a whiteboard for view-
ing by all the apprentices. The answers were welding cap,
welding apron, welding coat, welding boots, earplugs, weld-
ing trousers, welding goggles, welding mask, breathing mask
with filter, and welding gloves. This promoted the manifest-
ation of the apprentices to make comparisons, considera-
tions, and suggestions on the subject. There were compari-
sons about the PPD used by the apprentices because some
only use the welding coat and trousers (provided by technical
programme for training) and others use items not included
in the PPD supplied by the technical programme for training,
for example, the welding apron (individual purchase), in
order to increase protection. Moreover, some apprentices do
not use the breathing mask with filter because it is uncom-
fortable, which generated discussion among the participants
of the AW.

To continue the process of RC, visualization of PPD
used to perform the welding activity made it possible to
show the different body systems (integumentary, respiratory,
and auditory) protected by PPD. Besides these, the muscu-
loskeletal system was included, which, despite not being
protected by PPD, requires attention during welding activity.
The integumentary, respiratory, musculoskeletal, and audi-
tory systems were presented to apprentices, to weld as the
anatomic-physiological characteristics, risk factors present
in welding activity detrimental to the health systems and
recommendations for apprentice welders.

During the presentation of the integumentary system,
concerns about the physical risk factor, nonionizing radia-
tion and chemical risk factors, due to frequent skin contact
with metals were focused upon. Apprentices were asked
about the composition of the wire used to perform the weld-
ing. They used the wire called E71T-1, which is composed
of carbon, manganese, silicon, phosphorus, and sulfur. It
was emphasized that every time that apprentices have skin
contact, or by touching the metal or through the weld splash,
they are in contact with heavy metals and minerals present
in the wire, especially when the skin is hit by a weld splash
because, due to its elevated temperature, the splash causes
chemical burns. It was recommended to use sunscreen,
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especially during welding activity and when exposed to solar
radiation and the use of welding gloves during activity and
then proper hand washing in order to minimize contact with
metals.

Concerning the respiratory system, chemical risk factors
were dealt with which apprentices are exposed to because
they breathe the fumes resulting from the burning of metals
during welding activity. The composition of the wire E71T-
1 was again referred to as follows the question about the
importance of a breathing mask with filter, a respiratory
mask with filter being provided by the technical programme
for training which protects against dust and fumes from
welding. It is important to use, under the welding mask, a
breathing mask with filter, because, without it, the welders
will be inhaling dust and fumes from the welding process.
Besides the chemical compounds present in fume welding,
apprentices are also in contact with gases (acetylene and
carbon dioxide) that are released during the opening of the
flame. Unfortunately, the mask provided does not protect
against inhalation of gases. For these reasons, it was recom-
mended that apprentices do not remain in the environment
of the welding practice rooms unnecessarily and/or without
the protection of the respiratory mask with filter. Physical
activities were recommended that promote breathing, such
as races, in order to encourage gas exchange.

For the auditory system approach, the physical risk factor
was noise. The apprentices were informed about exposure
to 89-90 dB from the welding machine during the practical
activity. During the practical classes of each class, about 14
welding machines are used. The noise is caused by exhaust
fans, which exceed the limit of 105 dB, which is the imposed
limit for occupational exposure without proper protec-
tion. In addition, most apprentices use earplugs, such as
headphones, which offer less protection than earplugs, unlike
earmuffs. Apprentices were questioned on how they perform
ear cleaning during the activities and practices of welding
and on shared earplugs among apprentices. Some appren-
tices reported not performing ear cleaning and that they
never lent earplugs. Daily cleaning with soap and water for
earplugs recommended and advice was was reinforced of
not lending earplugs because of the ease of transmission of
bacteria by this route.

For the musculoskeletal system, the following physio-
logical risk factors were approached: performing repetitive
movements, staying in the same posture for long periods, and
sometimes incorrect posture, risk factors which apprentice
welders are exposed to. To minimize exposure to these risk
factors, the apprentices were asked to perform stretching
exercises. During the exercises, apprentices were instructed
to carry out the activity of stretching before and after welding
practice and at intervals of 10 minutes, after 50 minutes of
welding activity. In addition to these recommendations, after
exposure of the systems, the following general recommenda-
tions were made: prioritize foods rich in iron and calcium to
promote the excretion of manganese; prioritize foods rich in
vitamin C to facilitate iron absorption; prioritize food rich in
fibre to facilitate removal of manganese and other metals by
feces, since only some of the manganese is eliminated in the
urine.

3.6. Real Communication of Risk Perception and Occupational
Accidents. To continue the RC, the results of this research
were presented. This approach focused on returning the per-
ception of risk factors (physical, chemical, biological, and
physiological) to which apprentices are exposed and occu-
pational accidents arising from the characteristics of their
activity. The presentation was concluded with the delivery
of explanatory posters which were placed in the welding
practice rooms, so that by looking at the poster, the imple-
mentation of protective measures during welding activity
and minimization of exposure to risk factors would be
stimulated (Figure 1).

4. Discussion

This study contributes to an understanding of the perception
of risk factors and the occurrence of occupational accidents
with apprentice welders. As regards the perception of risk
factors that were identified, risks were reported in decreas-
ing order: physical, chemical, physiological, and biological.
Regarding accidents occurring to apprentices welders, it was
found that the accidental skin burn was the most frequently
mentioned (27.3%), and 26.1% of these accidents occur
during apprenticeship activity. The apprentice welders are
continually in contact with weld splash and hot metal
objects, depending on the activity they perform, which can
cause a greater number of such accidents [33]. It should
also be considered that apprentices are in an apprenticeship
process and knowledge essential to achieve consistently good
welds is acquired not during theoretical activities but during
practice [34]. However, opportunities to assess and improve
the skills of “natural” security during practice are lower than
in the workplace. Loss of control is rare, so individuals are
only occasionally aware of the security requirements [35].

The findings also suggest that the perception of chemical
risk and the occurrence of accidents involving this risk
were more frequently present. This risk perception, related
to the chemical risk and chemical occupational accident,
is due to the raw material that the apprentices handle
during the welding activity, for example, the hot metal [31].
The metals which apprentice welders are in contact with
include aluminum [36], stainless steel [37], cadmium [27],
chromo [38], lead [39], copper [28], manganese [28], molyb-
denum [28], and nickel [39]. These chemicals may generate
hazardous fumes during welding activity. According to the
International Labour Organization [31], these metals are
related to risk factors and the occurrence of chemical acci-
dents, when the welders are hit by weld splash or hot metal
particles and because of exposure to metal fumes.

Among the chemical risks, 75.8% of apprentice welders
recognized the gases with which they deal during welding
activity as risk factors, 56.5% identified the dust present in
the apprenticeship environment, and 36% the fumes from
welding. Study indicates that the welding fumes from the
chemical compound, stainless steel, can cause acute lung
injury and the size of the inhaled particles and exposure time
are significant factors in the welding, which must be con-
sidered in the development of protective strategies [37]. Lung
function and respiratory symptoms in welders were therefore
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Figure 1: Poster provided from LAMSA for apprentice welders.

investigated in a case-control study [40], noting significantly
higher prevalence of respiratory symptoms (dyspnea and
secretion) in welders. The study suggests that the welders are
at risk of developing respiratory symptoms and decreased
lung function, although the concentrations of metal fume
were lower than the recommended limit by the American
Conference of Industrial Hygienists (ACGIH).

Another important pathology in welders is lung cancer.
Cohort [26] conducted with male welders, from 1964 to
1984, showed that the incidence rate of lung cancer was high-
er. An important chemical compound, carcinogen, found
in welding activity is chromo. Studies suggest that chronic

occupational exposure during welding activity can raise
levels of damage to genetic material and inhibit the repair
of the same [38, 41]. However, a study to identify occupa-
tional exposures associated with increased incidence of breast
cancer in men found that welders are not considered a risk
group [42].

Another exposure assessment for lead, chromo, and
nickel in welding work and the relation with chromosomal
damage, evaluated 60 welders: men, divided into two groups,
group 1, working without PPD and group 2, who work with
PPD. The metal concentration was analyzed in the blood
and urine of the workers. The analysis showed that workers
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in group 1 had a higher frequency of chromosomal damage
than group 2 [39].

The association of exposure of welders and operators to
lead, cadmium, and manganese and nervous system damage,
found that exposure of welders is greater than operators.
There were significant differences in the relationship between
damage to the nervous system and exposure to lead and
manganese [43]. Cadmium exposure in welders was analyzed
by linking such exposure to renal dysfunction [27]. Cad-
mium has also been investigated in combination with noise
[44], indicating probable ototoxic metal when associated
with noise exposure. In Brazil, regulating Norm number
15 considers that welding using compound cadmium is an
unhealthy operation of maximum degree [45].

A longitudinal study of apprentice welders showed a sig-
nificant association between welding-related metal fume and
respiratory symptom fever as well as a decrease in lung func-
tion values after 15 months in welding school [17, 46].

This study documented and reported that occupational
chemical accidents are higher in apprentice welders who have
greater experience. The most common chemical accident
between apprentice welders was skin burns. Occupational
burns are divided into three categories. Thermal burns
include events that result from high levels of heat caused by
explosions, flame, radiant-heat, and direct contact with hot
surfaces. Electric injuries result from electrical explosions,
flashes, or direct contact with an electrical current. Chemical
burns result from the reaction of biologic tissues with chem-
ical materials [47].

Specifically with apprentice welders, burns that can occur
include thermal burns and chemical burns. There is a study
which describes the occurrence of work-related injuries from
thermal, electrical, and chemical burns among electric utility
workers, among these, the welders. Welders (not a common
occupation in the electric utility workforce) had the highest
age-adjusted injury rates for all burn-related injuries (61.57
per 10,000 employee-years) and for thermal/heat burns
(40.87 per 10,000 employee-years). It is understood that in
the case of welding activity, a thermal burn may constitute a
chemical burn, as contact with the chemical compounds pre-
sent in the metal that cause thermal burns can cause a
chemical burn [33].

Another risk self-reported by the apprentice welders is
physical, mentioned by 96.9% of the apprentices, the main
physical risk being heat (79.5%). The self-reporting of heat
by apprentice welders arises from the non-ionizing radia-
tion produced by welding activity. More specifically, heat is
produced during the opening of the electric arc (Figure 2),
which consists of an electric discharge.

Study findings show that the intensity and wavelength
of nonionizing radiation produced would depend on many
factors, such as the type of welding process, welding param-
eters, the composition of metals, fluxes, and any coatings
that may be on the base material. Moreover, the radiation
exposure time was considered combinable with each 8 hour
exposure within a 24-hour period. Therefore, two exposures
of 5 minutes during a workday can be considered as a
single 10-minute exposure. The research results show that the
minimum safe distance for 1 minute is 32 cm [48].

Figure 2: Opening for electric arc welding activity.

Another study [49] conducted to quantify the risk of arc
eye during welding activity showed that the maximum expo-
sure without protection is around 0.47 to 4.36 seconds. For
this reason, it is important that welders avoid direct expo-
sure to light to initiate the welding arc. Moreover, they must
use personal protective equipment appropriate for the eyes
and for the type of weld.

The apprentices also identified the physical risk factor
during welding activity. Study [24] sought to examine the
prevalence of cases suggestive of noise-induced hearing loss
in welders. Although the number of workers who have expe-
rienced the disease was low, the study was able to determine
some risk factors within and outside the workplace, such
as regular use of hearing protection and exposure to extra-
occupational noise sources. Moreover, excessive noise in the
workplace can be a risk factor for the development of vocal
disorders [50].

The physiological risk was reported by 86.3% of appren-
tice welders, showing mainly poor posture and repetitive
stress. These factors are exacerbated by excessive vibration
during welding activity. Research [51] performed with dif-
ferent workers showed that, specifically for welders, vibration
may be associated with back pain.

Study [25] sought to identify symptoms of musculoskele-
tal disorders in metallurgical workers, analyzing the admin-
istrative sector and the sector of production/operations. The
authors concluded that the prevalence of these symptoms
is high and suggested risk factors such as age (from 33
years), low education level, and occupation (workers produc-
tion/operational sector/showed more symptoms with man-
ual labor performance).

The biological risk was identified by 51.5% of the appren-
tices, especially as major contaminating microorganism con-
taminations were bacteria and fungi. Regarding biological
risk perception, one study [52] identified the workers’ per-
ception of imminent infectious disease risk. The results
showed that risk perception varied as a function of the fre-
quency of the workers’ exposure to contaminated fluids,
knowledge of customers’ diseases, and history of previous
accidents [19].

From the presented exploratory study, there was a socio-
environmental education intervention (SEI) for apprentice
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welders. The SEI during the apprenticeship process encour-
ages apprentices to think about the risk factors in the work-
place that can cause illness or accidents. In the specific case of
the SEI described in this study, means were used to encourage
apprentices to visualize ways of minimizing risk factors and,
therefore, occupational accidents, as is the case of PPD,
which can be used in the workplace and also visualization
of strategies for minimization of risk factors.

It is believed that RC, through a process of education, can
modify individual behavior because it is a process in which
apprentices perceive and multiply knowledge in their work/
apprenticeship environment and thus interfere with collec-
tive work conditions.

5. Conclusions

In conclusion, apprentice welders realize that they are
exposed to risk factors, especially chemical risk factors, due
to their workplace being particularly dangerous. The fre-
quency of occupational accidents during apprenticeship
leads to a state that allows the perception of risk factors of
the accident to be realized by the apprentice.

Such evidence confirms the findings of the literature on
risk factors that apprentice welders face during activity and
in similar situations to those found in this particular study.
It is understood that the perception of apprentices regard-
ing a particular set of occupational risks is essential to be
able to develop an effective RC as a positive tool for teach-
ing and learning. Study limitations as, for overall risk man-
agement to become a reality, it is necessary to conduct stud-
ies that accompany apprentices in the workplace and develop
comparisons and intervention necessary to promote the
health and safety of them.

Thus, one of the theoretical and operational propositions
of HPDWEP is to improve the evidence of research and
socio-environmental education intervention for perception
and for RC to be used as a tool for teaching and learning for
the promotion of socio-environmental health of workers in
their working environment.
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Brasil, Brası́lia, Brazil, 2001.

[24] M. R. Guerra, P. M. C. Lourenço, M. T. Bustamante-Teixeira et
al., “Prevalence of noise-induced hearing loss in metallurgical



10 The Scientific World Journal
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pp. 507–516, 2008 (Portuguese).

[26] A. R. Sørensen, A. M. Thulstrup, J. Hansen et al., “Risk of
lung cancer according to mild steel and stainless steel welding,”
Scandinavian Journal of Work, Environment and Health, vol.
33, no. 5, pp. 379–386, 2007.

[27] X. Ding, Q. Zhang, H. Wei, and Z. Zhang, “Cadmium-induced
renal tubular dysfunction in a group of welders,” Occupational
Medicine, vol. 61, no. 4, pp. 277–279, 2011.

[28] M. A. Balkhyour and M. K. Goknil, “Total fume and metal
concentrations during welding in selected factories in Jeddah,
Saudi Arabia,” International Journal of Environmental Research
and Public Health, vol. 7, no. 7, pp. 2978–2987, 2010.

[29] M. R. Cezar-Vaz, Risks and Occupational Diseases: An Inte-
grated Study in Different Work Environments, Universidade
Federal do Rio Grande, Rio Grande (RS), Brazil, 2010.

[30] American Welding Society, Handbook: Welding Processes, AWS,
Miami, Fla, USA, 1991.

[31] Welder, Arc: International Hazard Datasheets on Occupation,
International Labour Organization, 2000.

[32] National Library of Medicine Cataloging in Publication,
Communicating in a Crisis: Risk Communication Guidelines for
Public Officials, Center for Mental Health Services, Substance
Abuse and Mental Health Services Administration, Washing-
ton, DC, USA, 2002.

[33] T. A. Fordyce, M. Kelsh, E. T. Lu, J. D. Sahl, and J. W. Yager,
“Thermal burn and electrical injuries among electric utility
workers, 1995–2004,” Burns, vol. 33, no. 2, pp. 209–220, 2007.

[34] G. T. Evans and J. Butler, “Expert models and feedback pro-
cesses in developing competence in industrial trade areas,”
Australian Journal of TAFE Research and Development, vol. 8,
no. 1, pp. 13–32, 1992.

[35] H. Middleton, M. Pavlova, and D. Roebuck, Learning in
Technology Education Challendges for the 21st Century, 2002.
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