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Prevalence of possible occupational carcinogenic
exposures in Brazilian workers: what does the
National Health Survey say?

Prevaléncia de possiveis exposigées cancerigenas
ocupacionais em trabalhadores brasileiros:
o que mostra a Pesquisa Nacional de Satide?

Abstract

Objective: to estimate the prevalence of possible carcinogenic exposures in
Brazilian workers. Methods: cross-sectional study, with data from the 2019
National Health Survey. We calculated the prevalences and respective 95%
confidence intervals (95%CI) for possible exposure to six occupational
carcinogens: solar radiation, chemical substances, mineral dust, radioactive
material, night work, and passive smoking at work, according to occupation
and sex, considering the complex sample design. Results: 44,822 workers were
included, 56.33% were male. Reported exposure to at least one carcinogenic
agent from group 1, according to the classification of the International Agency
for Research on Cancer, 49.0% (95%CI 47.8;50.2) of male workers and 16.9%
(95%CI 16.0;17.9) of female workers. Male workers, compared with female
workers, had a higher prevalence of exposure to solar radiation (38.1% [95%CI
37.0;39.3] vs 6.6% [95%CI 6.0;7.2]), chemical agents (19.4% [95%CI 18.5;20.5]
vs 8.3% [95%CI 7.6;9.1]), mineral dust (18.9% [95%CI 17.9;20.0] vs 3.3% [95%CI
2.9;3.8]), night work (15.5% [95%CI 14.7;16.5] vs 9.4% [95%CI 8.6;10.2]), and
passive smoking (14.3% [95%CI 13.3;15.4] vs 8.2% [95%CI 7.6;9.0]). Conclusion:
the prevalence of exposure to possible occupational carcinogens is high and
unequally distributed by sex and occupation. Actions to reduce, replace,
and eliminate these carcinogens should be prioritized.

Keywords: health survey; prevalence; occupational health; occupational
exposure; cancer.

Resumo

Objetivo: estimar a prevaléncia de possiveis exposigées cancerigenas em
trabalhadores brasileiros. Métodos: estudo transversal, com dados da Pesquisa
Nacional de Satide de 2019. Calcularam-se prevaléncias e respectivos intervalos
de confianga de 95% (IC95%) para possivel exposi¢do a seis carcindgenos
ocupacionais: radiagdo solar, substdncias quimicas, poeiras minerais, material
radioativo, trabalho noturno e tabagismo passivo no trabalho, segundo ocupagé@o
e sexo, considerando o desenho complexo da amostra. Resultados: foram incluidos
44.822 trabalhadores, 56,33% do sexo masculino. Referiram exposicao a pelo
menos um agente cancerigeno do grupo 1, segundo classificagao da International
Agency for Research on Cancer, 49,0% (IC95% 47,8;50,2) dos trabalhadores do
sexo masculino e 16,9% (IC95% 16,0;17,9) do feminino. Trabalhadores do sexo
masculino, em comparagdo ao feminino, apresentaram maiores prevaléncias de
exposi¢ao a radiagao solar (38,1% [IC95% 37,0;39,3] vs 6,6% [IC95% 6,0;7,2]),
agentes quimicos (19,4% [IC95% 18,5;20,5] vs 8,3% [IC95% 7,6;9,1]), poeiras
minerais (18,9% [IC95% 17,9;20,0] vs 3,3% [IC95% 2,9;3,8]), trabalho noturno
(15,5% [IC95% 14,7;16,5] vs 9,4% [IC95% 8,6;10,2) e tabagismo passivo
(14,3% [IC95% 13,3;15,4] vs 8,2% [IC95% 7,6;9,0]). Conclusado: a prevaléncia
da exposigao a possiveis carcinégenos ocupacionais é elevada e desigualmente
distribuida por sexo e ocupacgdo. Agées de redugdo, substituigio e eliminagao
desses carcinégenos devem ser priorizadas.

Palavras-chave: inquérito de satde; prevaléncia; satde do trabalhador;
exposi¢do ocupacional; cancer.
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Introduction

Cancer is the second leading cause of death in
the world, besides being an important factor in
premature deaths in people aged 30 to 69 and a
serious global public health issue. Data show that
the highest number of deaths from cancer occurs
mainly in middle and low-income countries, which
face other health difficulties, aggravating their social
inequalities and challenging public policies to face
health problems, including measures to reduce
exposure to risk factors for cancer.’

Among the risk factors for cancer, exposure to
occupational carcinogens, such as ionizing and
non-ionizing radiation, asbestos, silica, pesticides,
benzene, formaldehyde, and metals, among others,
is internationally recognized as a determinant of
work-related cancer diseases and deaths, with its
effects increased by individual exposure to other
risk factors, such as smoking, excessive alcohol
consumption, diets high in fat and red and processed
meat, and a sedentary lifestyle.?

International studies have shown that 4% to
20% of cancer cases are attributed to exposure to
occupational carcinogens, with the percentages
varying according to type of cancer and carcinogen,
gender, and geographic area. It should be noted
that most occupational exposures are avoidable by
adopting clean technologies that eliminate the use
of those carcinogens in production processes.® A
substance, combination or mixture of substances is
considered potentially carcinogenic when exposure
to it in the workplace may cause an increase in
the incidence of malignant tumors as well as a
significant reduction in the latency period between
exposure and the onset of cancer.*

According to the International Agency for
Research on Cancer (IARC), there are currently 525
agents (chemical, physical or biological) that are
carcinogenic to humans. Of those, 79 are present in
occupational processes, and 38 types of work-related
cancer have been identified.5

According to the Brazilian Ministry of Health,
work-related cancer is cancer resulting from
exposure to carcinogenic agents present in the
workplace, even after the end of exposure due to
position or job changes or retirement.*

In 2018, the World Health Organization estimated
a total of 9.6 million cancer deaths worldwide, of
which more than 472,000 were attributed to work-
related cancer. In that same year, exposure to
occupational carcinogens resulted in the loss of
nearly 11 million healthy life years due to disability.5
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In Brazil, the National Cancer Institute (INCA)
estimates that for each year of the 2020-2022 period
there will be 625 thousand new cases of cancer in
the Brazilian population, about 4% to 17% of them
attributed to work, that is, between 25 and 100
thousand cases of cancer will be work-related during
those three years.”

Considering the context above, this study aimed
to analyze the prevalence of possible occupational
carcinogenic exposures in Brazilian workers in 2019.

Methods

Study design

This is a cross-sectional prevalence study
drawing on data from the 2019 edition of the
National Health Survey (PNS), a nationwide,
household survey carried out by Fundagéao
Oswaldo Cruz and the Brazilian Ministry of Health
in partnership with the Brazilian Institute of
Geography and Statistics (IBGE).

Sampling plan and study population

The PNS is part of the IBGE Integrated Household
Survey System and uses a subset of the IBGE Master
Sample, with the same stratification of the primary
selection units (UPA), composed of one or more
census tracts. Three-stage cluster sampling was
used. In the first stage, the UPAs of each stratum
were selected. In the second stage, a fixed number
of households was randomly selected for each UPA.
And, in the third stage, a resident aged 15 or older
was randomly selected from each household. Areas
with small populations, such as indigenous villages,
barracks, military bases, and lodgings, among others,
were excluded. A total of 108,525 households were
visited and 90,846 residents were interviewed.
The non-response rate was 6.4%.8

In the reference week for data collection (July 21
to 27, 2019), the employed population of the PNS
over the age of 18 consisted of 52,582 individuals.

Variables and measurement

The PNS used three questionnaires: a) household
information); b) general characteristics of all household
members; and ¢) individual information of the selected
household member.

Occupation was defined by the following question:
“What was your occupation (position or function) in
this main job?” The PNS considers main job as that with
highest number of hours, monthly income, or length of
service. The answer sheet provides the occupation codes
to be selected, according to the Brazilian Classification
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of Occupations (CBO). The CBO describes and orders
occupations within a hierarchical structure that makes
it possible to gather information about the workforce,
distinguishing functions, knowledge, skills, personal
attributes, and other requirements of the occupation.
The CBO has four hierarchical levels: unit groups or
occupational families (UB); minor groups (MiG); sub-
major group (SMG), and the major groups (MaG).?
The last compose the most aggregated level, comprising
ten categories grouped by skill level and similarity in
the activities performed. The occupational MaG are
broken down into forty-three sub-major groups. This
work considered all SMG with a minimum sample
of 400 workers, with a view to making the analyses
more robust. The minimum number of 400 people was
established as a criterion assuming a prevalence (P) of
50% with a CI of 95%, totaling 44,852 participants.

For the evaluation of possible carcinogenic
occupational exposures, the following question was
used: “In your job(s), are you exposed to any of these
factors that may affect your health?” The response
options include only occupational exposures classified
by the International Agency for Research on Cancer
(IARC)'0 as carcinogenic to humans, with sufficient
and limited scientific evidence, namely: a) handling
chemical substances, such as: pesticides, gasoline,
diesel, formaldehyde, lead, mercury, chromium,
herbal medicines, etc. (yes/no); b) long exposure to
solar radiation (yes/no); c) handling of radioactive
material during transport, receipt, storage and X-ray
work (yes/no); and d) exposure to mineral dust, such
as from marble, sand, gravel, glass (silica), asbestos,
iron or steel (yes/no).

Information on night shift work, classified by
the IARC as a probable occupational carcinogen,
was collected through the question: “In your job(s),
do you usually work any hours between 8 pm and
5 am (yes/no)?”

Passive smoking at work was determined by the
question: “In the last 30 days, has anyone smoked in
the same closed environment where you work (yes/no)?”

Exposures to solar radiation, passive smoking,
radioactive material, and mineral dust were
grouped into a single category (Group 1), considered
“carcinogenic exposures with sufficient scientific
evidence.” In turn, exposures to chemical substances
and night shift work were gathered in Group 2,
considered “possible carcinogenic exposures” according
to the IARC classification.'?

For the description of the sample of employed
workers, the following sociodemographic variables were
considered: sex (men, women), age group (18 to 39; 40 to
59; 60 or over), race/skin color (white, black and brown),
level of education (no schooling or incomplete primary
education; complete primary or incomplete secondary
education; complete secondary or incomplete higher
education; complete higher education), income (less than
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one minimum wage, one to two minimum wages,
more than two minimum wages) and area of residence
(rural, urban).

Statistical analysis

The proportional distribution of the sample
was estimated according to the sociodemographic
variables, by calculating the percentages and
respective confidence intervals.

The percentage of workers exposed to Group 1
and Group 2 was estimated according to the IARC
classification, in each main subgroup, with the
following categories: no exposure, at least one
carcinogenic exposure in Group 1 and at least one
carcinogenic exposure in Group 2. An exposure
ranking was established for the sub-major goups,
based on the percentage in the “no exposure”
category. The higher the percentage in this category,
the higher the share of those not exposed to
occupational carcinogens, and the higher the ranking
in “no exposure.”

Statistical Package for Social Sciences (SPSS)
version 21 was used. The prevalences in the
respective 95% Confidence Intervals (95%CI) of
occupational exposures were analyzed according to
the sub-major groups (SMG) and stratified by sex.
All analyses considered the complex sampling design
through the complex sample statistical command.

Ethical considerations

The National Health Survey (PNS) was approved
on August 23, 2019, by the National Research Ethics
Committee (CONEP), under No. 3,529,376. Fieldwork
took place between August 2019 and March 2020.
All participants signed an informed consent form
authorizing their participation in the survey.

Results

A total of 44,822 individuals were included in
the study, 56.3% men (n=25,247) and 43.7% women
(n=19,575). Most lived in urban areas (83.4% men
and 91.4% women); 49.4% of both sexes were aged
between 18 and 39; 36.8% of male workers and
42.5% of female workers reported having completed
secondary education; 44.8% and 47.0% earn between
one and two monthly minimum wages, respectively.
Regarding race/skin color, 45.6% of male workers
self-declared as brown compared to 42.8% of female
workers (Table 1).

Table 2 and Table 3 show the prevalence of types
of occupational carcinogenic exposure in male and
female workers, respectively. It was observed that,
among men, 49% were exposed to at least one
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carcinogenic agent from Group 1 and 31.9% to at least
one carcinogenic agent from Group 2, against 16.9%
and 16.5% for women, respectively. Among men, the
major-sub groups “Agricultural, Forestry and Fishery
Labourers,” “Market-oriented Skilled Agricultural
Workers,” and “Building and Related Trades Workers
(excluding Electricians)” showed the greatest exposure,
given the smaller percentages in the “no exposure
category” (9.0%, 13.0% and 15.4% respectively).

Among women (Table 3), the most exposed
SGP were: Market-oriented Skilled Agricultural
Workers, hunting, and fishing workers, Health
Associate Professionals and Health professionals,
with prevalences of 30.1%, 34.9% and 57% of no
exposure to occupational carcinogens, respectively.

The prevalence of carcinogenic occupational
exposures according to sex by occupational SMG is
shown in Table 4 and Table 5. Compared to female,
male workers had a higher prevalence of exposure
to solar radiation (38.1% [95%CI 37.0;39.3] vs 6.6%
[95%CI 6.0;7.2]), passive smoking at work (14.3%
[95%CI 13.3;15.4] vs 8.2% [95%CI 7.6;9.0]), mineral
dust (18.9% [95%CI 17.9;20.0] vs 3.3% [95%CI
2.9;3.8]), chemicals (19.4% [95%CI 18.5;20.5] vs

8.3% [95%CI 7.6;9.1]) and night shift work (15.5%
[95%CI 14.7;16, 5] vs 9.4% [95%CI 8.6-10.2]).
When analyzing the SMG, male workers showed
higher prevalence of exposure to: a) solar radiation,
Agricultural, Forestry and Fishery Labourers (87.0%);
Market-oriented Skilled Agricultural Workers
(82.6%); and Building and Related Trades Workers
(excluding Electricians) (65.2%); b) passive smoking
at work, in 31.6% of Building and Related Trades
Workers (excluding Electricians) and 26.4% Electrical
and Electronics Trades Workers; ¢) mineral dust,
in Building and Related Trades Workers (excluding
Electricians) (53.3%) and Labourers in Mining,
Construction, Manufacturing and Transport (39.8%);
d) chemicals, in Metal, Machinery and Related
Trades Workers (52.1%); Science and Engineering
Associate Professionals (36.2%); and Market-oriented
Skilled Agricultural Workers (34.3%); d) night shift
work, in 52.3% of Protective Services Workers and
33.3% of personal service workers; and e) radioactive
material, Metal, Machinery and Related Trades
Workers and 3.3% of Science and Engineering
Associate Professionals.

Table 1 Demographic and socioeconomic characteristics of workers by gender, Brazil, 2019.

Total Male Female
Variables
n % 95%C1 n % 95%CI n % 95%CI

Area of residence

Urban 38950 86.9 86.4;87.4 21064 83.4 82.7;84.1 17886 91.4 90.9;,91.9

Rural 5872 13.1 12.6;13.6 4183 16.6 15.9;17.3 1689 8.6 8.1;,9.1
Age group (years)

18-39 22141 49.4 48.5;50.3 12465 49.4 48.2;50.5 9675 49.4 48.2;50.7

40-59 18705 41.7 40.9;42.6 10362 41.0 39.9;42.2 8343 42.6 41.4;43.8

>60 3977 8.9 8.49.3 2420 9.6 9.0;10.2 1557 8.0 7.3;8.6
Skin color

White 19227 43.5 42.6;44.4 10624 42.7 41.6;43.9 8603 44.5 43.3;45.8

Black 5372 12.2 11.6;12.7 2915 11.7 11.1;12.4 2457 12.7 11.9;13.6

Brown 19601 443 43.5;45.2 11333 45.6 44.5;46.7 8268 42.8 41.6;44.0
Level of education

None or incomplete elementary 12412 27.7 26.9;28.5 8173 32.4 31.3;334 4239 21.7 20.7;22.7

ﬁ}‘l’;‘nﬂ'sr:t:'sgg:ﬂyyor 6968 155  15.0;16.1 4398 174 166183 2570 131 12.3;14.0

ﬁi’:ﬂ;t:tzeé‘;z‘:fyry or 17607 393 38540.1 9295  36.8 357379 8311 425 412437

Complete tertiary 7835 17.5 16.7;18.3 3381 134 12.5;14.4 4454 22.8 21.7;23.9
Monthly income (minimum wages)

<1 10162 23.0 22.2;,23.7 4577 18.3 17.4;19.2 5586 29 27.8;30.2

1to2 20255 45.8 44.9;46.7 11209 44.8 43.6-;6.1 9046 47 45.7;48.4

>2 13824 31.2 30.4;32.1 9209 36.8 35.7;38.0 4616 24 22.8;25.2
Total 44822 100.0 25247 56.3 55.4;57.2 19575 43.7 42.8;44.6

Source: Authors, based on National Health Survey data 2019, IBGE
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Table 2 Prevalence (%) of carcinogenic occupational exposure in male workers by exposure groups and
main subgroups of the Brazilian Classification of Occupations, Brazil, 2019

Carcinogenic exposure
Sub-Major Goups of the Brazilian At least one of At least one of
Classification of Occupations g Rank? None Group 1° Group 2°
% 95%CI? % 95%Cl4 % 95C1%4
Administrative and Commercial Managers (12) 499 3 69.3 61.9;75.8 20.5 15.2;26.9 15.1  10.5;21.2
Production and Specialized Services Managers (13) 402 8 58.1 49.8;66.0 349 27.3;43.3 163  11.7;22.3
Teaching Professionals (23) 623 4 66.8 60.6;72.4 159 11.9;20.9 209 16.2;26.5
Business and Administration Professionals (24) 416 1 80.2 72.4,86.3 8.8 5.6;13.4 13.2 8.0;20.9
Legal, Social and Cultural Professionals (26) 583 5 62.7 55.9;69.1 17.7 12.9;23.9 29.2 23.0;36.4
Science and Engineering Associate Professionals (31) 656 17 29.6 24.3;355 57.0 50.5;63.2 459  39.2;52.8
Business and Administration Associate 657 6 60.1 53.5;66.3 27.6 22.2;33.8 19.6 14.9;25.3
Professionals (33)
General and Keyboard Clerks (41) 698 2 74.8 68.5;80.5 13.3 9.5;18.4 14.6  10.1;20.7
Numerical and Material Recording Clerks (43) 471 7 58.9 50.3;67.0 22.0 16.0;29.5 28.0 21.3;35.9
Personal service workers (51) 1,306 10 51.5 45457.6 185 15.1;22.5 39.1 33.6;44.9
Sales Workers (52) 2,715 9 56.9 53.959.8 29.4 26.7;32.2 227 20.2;254
Protective Services Workers (54) 884 15 33.3 27.9;39.1 304 25.6;35.8 55.3 49.6;60.9
Market-oriented Skilled Agricultural Workers (61) 2511 21 13.0 11.3;14.8 83.8 81.9;85.6 37.2 34.0;40.5
Building and Related Trades Workers 2,499 22 15.4 13.1;18.1 80.5 77.6;83.1 234 20.4;26.7

(excluding Electricians) (71)

Metal, Machinery and Related Trades Workers (72) 1,526 20 21.2 17.7;25.1 51.9 47.2;56.5 58.3 53.4;63.1

Electrical and Electronics Trades Workers (74) 679 13 40.2 29.0;52.5 525 414633 21.2  14.7;29.5
Food Processing, Woodworking, Garment and 702 11 49.2 42.5;56.0 25.7 19.9;32.5 394 32.8;46.4
Other Craft and Related (75)

Stationary Plant and Machine Operators (81) 750 12 40.8 33.9;48.1 35.8 29.4;42.9 40.5 33.5;48.1
Drivers and Mobile Plant Operators (83) 2,808 14 33.8 30.9;36.9 50.7 47.4;54.1 37.5 34.3;40.8
Domestic and Office Cleaners and Helpers (91) 746 16 31.2 26.1;36.8 55.8 49.4,61.9 329 27.3;39.0
Agricultural, Forestry and Fishery Labourers (92) 1,024 23 9.0 7.2;,11.3 885 85.9;90.7 32.2 26.6;384
Labourers in Mining, Construction, 1,664 18 255 21.6;30.0 65.9 61.1;70.3 23.5 19.5;28.0
Manufacturing and Transport (93)

Garbage Collectors and other Other Elementary 429 19 21.8 16.5;28.2 64.4 55.6;72.4 29.0 21.1;38.3
Workers (96)

Total (n > or = 400) 25,247 - 37.1 36.0;38.2 49.0 47.8;50.2 319 30.7;33.1

a) Rank refers to the ordered ranking of an ascending numeric sequence, from lowest to highest carcinogenic exposure. Therefore, rank 1 means
classification of the SMG in the “no exposure” category.

b) Group 1- Category in which occupational exposures are recognized as carcinogenic to humans with sufficient scientific evidence, according to the
International Agency for Research on Cancer (IARC, 2020).

) Group 2- Category in which occupational exposures are recognized as probable/possible carcinogens for humans, with limited scientific evidence,
according to the International Agency for Research on Cancer (IARC, 2020).

d) 95%Cl: 95% Confidence Interval

Source: Authors, based on National Health Survey data 2019, IBGE
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Table 3 Prevalence (%) of carcinogenic occupational exposure in female workers by exposure groups and
sub-major groups of the Brazilian Classification of Occupations, Brazil, 2019

Carcinogenic exposure

Sub-major groups (SMG) n Rank? None At least one of Group 1° At least one of Group 2¢

% 95%CId % 95%CId % 95%Cld
Health professionals (22) 637 12 57.0 50.1;63.5 22.1 17.2;27.8 35.0 29.2;41.3
Teaching Professionals (23) 1,828 2 83.6 80.5;86.3 9.0 6.9;11.6 9.1 7.2,11.5
Legal, Social and 470 5 79.1 73.5;83.8 9.9 6.5;14.8 13.7 10.2;18.0
Cultural Professionals (26)
Health Associate Professionals (32) 821 13 34.9 29.6;40.6 41.2 35.5;47.2 41.6 36.0;47.4
Business and Administration 516 4 78.7 72.7;83.8 14.4 10.2;20.0 103 7.1;14.7
Associate Professionals (33)
General and Keyboard Clerks (41) 1,484 1 85.2 81.4;88.3 9.1 6.5;12.5 8.1 5.9;11.0
Customer Services Clerks (42) 823 3 82.5 77 .4;86.6 7.2 4.8;10.8 12.2 8.7;16.9
Personal service workers (51) 2,143 11 61.2 57.4;64.8 14.5 12.2,17.2 30.0 26.5;33.7
Sales Workers (52) 3,725 6 74.7 72.0;77.3 16.5 14.6;18.7 11.2 9.3;13.4
Personal care workers (53) 1,161 10 68.4 62.9;73.4 16.4 12.5;21.2 20.1 16.2;24.7
Market-oriented Skilled 583 14 30.1 25.6;35.0 67.4 62.4;,71.9 18.4 14.9;22.5
Agricultural Workers (61)
Food Processing, Woodworking, 958 8 73.2 68.2;77.7 10.2 7.7:13.3 18.5 14.4;23.6
Garment and Other Craft
and Related (75)
Stationary Plant and 582 7 73.9 66.6;80.1 12.9 8.6;19.0 18.5 13.0;2573
Machine Operators (81)
Domestic and Office Cleaners 3,844 9 73.3 70.7;75.7 17.6 15.6;19.7 125 10.6;14.8
and Helpers (91)
Total (n > or = 400) 19,575 - 711 69.8;72.3 16.9 16.0;17.9 16.5 15.5;17.6

a) Rank refers to the ordered ranking of an ascending numeric sequence, from lowest to highest carcinogenic exposure. Therefore, rank 1 means
classification of the SMG in the “no exposure” category”.

b) Group 1- Category in which occupational exposures are recognized as carcinogenic to humans with sufficient scientific evidence, according to the
International Agency for Research on Cancer (IARC, 2020).

¢) Group 2- Category in which occupational exposures are recognized as probable/possible carcinogens for humans, with limited scientific evidence,
according to the International Agency for Research on Cancer (IARC, 2020).

d) 95%Cl: 95% Confidence Interval

Source: Authors, based on National Health Survey data 2019, IBGE
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Table 4 Prevalence (%) of carcinogenic occupational exposure in male workers by exposure groups and
sub-major groups of the Brazilian Classification of Occupations, Brazil, 2019

Carcinogenic exposure Possible carcinogenic exposure
(Group 1)° (Group 2)®
Sub Major-G the Brazili
! aj'or IjOupSOf ¢ rc‘m an n _ Radioactive . . . Night Shift .
Classification of Occupations Solar Radiation i Passive Smoking Mineral Dust Chemicals
Material Work
% 95%CI* % 95%CI % 95%CI % 95%CI° % 95%CI % 95%CI
Administrative and Commercial 0.0-
499 105 6.8;159 0.1 109 6.8;16.9 8.8 53;142 64 4.0;10.0 9.0 5.3;15.0
Managers (12) 0.4
Production and Specialized
. 402 27.1 19.8;36.0 1.0 033.6 38 20;73 119 74187 72 43;11.8 9.8 6.6;14.2
Services Managers (13)
Teaching Professionals (23) 623 79 52119 02 0.0;1.2 45 2872 4.6 2488 179 134234 48 2785
Business and Administration
R 416 34 1864 02 0.1;1.2 33 1.7:6.4 3.0 1.3;70 75 45122 6.0 24145
Professionals (24)
Legal, Social and Cultural Professionals (26) 583 5.9 3.410.1 1.7 0.56.1 109 6.9;16.7 4.1 2.1;8.0 250 19.1;32.0 8.0 44139
Science and Engineering
. . 669 35.8 294426 33 1.195 114 75170 343 28.1;41.0 18.1 13.2;244 36.2 29.8;43.2
Associate Professionals (31)
Business and Administration
. . 660 194 147,252 05 0214 99 69140 6.1 3.6;10.2 164 11.922.1 72 4.1;124
Associate Professionals (33)
General and Keyboard Clerks (41) 734 84 52132 08 0230 50 2887 3.7 21,64 7.8 5.0,11.8 74 39136
Numerical and Material
. 473 93 53157 12 0432 74 41,130 109 7.216.1 16.2 10.8;23.7 14.2 9.8;20.0
Recording Clerks (43)
Personal service workers (51) 1313 100 7.6132 03 0.1;06 93 69124 5.1 33;79 333 282389 8.1 59110
Sales Workers (52) 2,764 183 16.0;20.8 0.5 0.3;09 132 11.1;15.7 6.4 5.0;8.1 146 12517.0 103 8.6;12.3
Protective Services Workers (54) 884 19.5 15.1;247 14 0.63.2 194 143;258 7.7 5510.7 523 467,579 86 5.2;13.8
Market-oriented Skilled
R 2,572 82,6 80.6;84.4 0.1 0.0;,0.2 111 7.7;155 10.2 84124 5.6 4.0;,79 343 313374
Agricultural Workers (61)
Building and Related Trades Workers
X . 2503 652 618,684 1.2 0.6;2.7 31.6 27.7,35.7 533 51.6,59.0 49 3.6;6.5 19.8 17.0;23.0
(excluding Electricians) (71)
Metal, Machinery and Related 1548 270 229315 39 2074 177 141219 318 277363 134 102173 521 47.4,56.9
Trades Workers (72)
Electrical and Electronics
681 366 274470 14 0.6;3.1 264 174379 195 13.2;27.8 9.2 52157 125 8.3;184
Trades Workers (74)
Food Processing, Woodworking,
702 9.8 6.1-153 04 0.1-1.3 9.5 6.2-144 131 94179 182 13.2-246 24.1 18.2-31.1
Garment and Other Craft and Related (75)
Stationary Plant and Machine Operators (81) 768 156 109-219 1.8 0935 119 8.0-174 196 14.9-254 244 184-31.7 26.1 19.9-33.5
Drivers and Mobile Plant Operators (83) 2811 429 39.5-464 1.1 0.6-2.1 111 83-14.7 16.8 14.0-20.1 254 22.8-28.3 16.6 14.5-19.0
Domestic and Office Cleaners
749 461 39.8-525 1.5 0.7-33.2 170 11.8-239 154 11.1-21.0 111 7.0-17.2 244 19.7-299
and Helpers (91)
Agricultural, Forestry and
N 1081 87.0 84.2-89.4 0.1 0.0-0.5 155 6.6-32.1 16.0 11.9-21.3 3.1 2.0-49 299 24.3-36.3
Fishery Labourers (92)
Labourers in Mining, Construction,
R 1713 51.7 46.8-56.6 0.7 0.3-14 228 16.1-31.4 39.8 34.7-45.1 113 8.6-14.7 142 10.9-18.2
Manufacturing and Transport (93)
Garbage Collectors and
447 582 49.5-663 1.0 04-24 158 8.2-284 148 11.0-196 145 9.6-21.3 16.0 9.5-25.7
Other Elementary Workers (96)
TOTAL (n > or = 400) 25247 381 37.0-393 1.0 0.8-13 143 13.3-154 189 17.9-20.0 155 14.7-16.5 19.4 18.5-20.5

a) Group 1- Category in which occupational exposures are recognized as carcinogenic to humans with sufficient scientific evidence, according to the

International Agency for Research on Cancer (IARC, 2020).

b) Group 2- Category in which occupational exposures are recognized as probable/possible carcinogens for humans, with limited scientific evidence, ac-

cording to the International Agency for Research on Cancer (IARC, 2020).

€) 95%Cl: 95% Confidence Interval

Source: Authors, based on National Health Survey data 2019, IBGE
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Table 5 Prevalence (%) of carcinogenic occupational exposure in female workers by exposure groups and
sub-major groups of the Brazilian Classification of Occupations, Brazil, 2019

Carcinogenic exposure (Group 1)°

Possible carcinogenic exposure

(Group2)®
Sub-major groups of the n
Brazilian Classification Solar Radioactive Material Passive smokin Mineral dust Chemicals Night shift work
of Occupations Radiation .3 8
n % 95%CI° % 95%CI° % 95%CI° % 95%CIF % 95%CI° % 95%CI°
Health professionals (22) 637 20 1136 175 132228 37 2164 18 0938 220 173267 181 140230
Teaching Professionals (23) 1,828 1.7 1126 06 03714 36 2456 45 3065 20 1235 75 5996
Legal, Social and 470 45 2383 0.1 0005 60 33105 05 0213 15 0541 127 94,169
Cultural Professionals (26)
Health Associate
' 821 175 138220 178 135230 89 53145 42 2863 242 196295 258 21.131.1
Professionals (32)
Business and Administration 516 58 3496 11 0526 65 37114 42 2184 23 1243 84 557127
Associate Professionals (33)
General and Keyboard 1484 23 1342 11 0622 41 2565 33 1860 39 2364 44 3065
Clerks (41)
Customer Services Clerks (42) 823 1.1 0.6;2.0 13 0.5;3.2 4.1 2.1;7.8 1.2 0.6;2.6 23 1.43.8 10.0 6.6;14.8
Personal service 2143 36 2552 12 0431 115 94140 17 0930 190 160224 129 107155
workers (51)
Sales Workers (52) 3725 82 68100 0.1 01,02 87 72104 32 2541 26 1936 9.1 73113
Personal care workers (53) 1,161 22 1239 09 0419 110 79151 42 2184 58  3.69.1 156  12.2,19.7
Market-oriented Skilled 583 657 607704 0.1 0007 111 55209 74 41131 176 141217 21 1239
Agricultural Workers (61)
Food Processing,
Woodworking, Garment and 958 2.7 1.5/4.6 0.0 0.0;0.1 6.2 44,88 24 1.2,45 6.4 3.6;11.0 125 9.5;16.3
Other Craft and Relate (75)
Stationary Plant and Machine 582 3.1 1566 22 059.1 83 49137 35 1966 82 44148 104 67159
Operator (81)
Domesticand Office Cleaners 30, 44 3359 04 0007 118 101136 37 2947 96 81114 33 2348
and Helpers (91)
TOTAL (n > or = 400) 19575 66 6072 19 1623 82 7690 33 2938 83  769.1 94 86102

a) Group 1- Category in which occupational exposures are recognized as carcinogenic to humans with sufficient scientific evidence, according to the

International Agency for Research on Cancer (IARC, 2020).

b) Group 2- Category in which occupational exposures are recognized as probable/possible carcinogens for humans, with limited scientific evidence,

according to the International Agency for Research on Cancer (IARC, 2020).
€) 95%Cl: 95% Confidence Interval
Source: Authors, based on National Health Survey data 2019, IBGE

Among female workers (Table 5), the highest
prevalences were: a) exposure to solar radiation
in Market-oriented Skilled Agricultural Workers
(65.7%) and Health Associate Professionals (17.5%);
b) passive smoking in Domestic and Office Cleaners
and Helpers (11.8%) and personal service workers
(11.5%); c) mineral dust Market-oriented Skilled
Agricultural Workers (7.4%); d) handling chemicals
in Health Associate Professionals and the like (24.2%)
and health professionals (22.0%); e) night shift work
in Health Associate Professionals (25.8%) and health
professionals (18.1%); and f) radioactive material in
Health Associate Professionals (17.8%) and health
professionals (17.5%).
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Discussion

This study revealed that almost two thirds of male
workers and one third of female workers reported
exposure to some carcinogenic agent, in either Group
1 or Group 2, according to the IARC classification.
It should be noted that different patterns of exposure
to occupational carcinogens were observed between
the genders, regarding both type of exposure and
carcinogen per occupation. Male workers were
markedly more exposed than female workers to all
evaluated agents, except for radioactive material.

The prevalence of exposure to occupational
carcinogens in a representative sample of the
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population of Brazilian workers had not been
previously disclosed. Attempts to estimate
prevalence in specific surveys using a Job-Exposure
Matrix — JEM can be mentioned. This method was
used to estimate the population exposed to benzene!!
and silica.'? For other carcinogens, there is an effort
by the Ministry of Health, the National Cancer
Institute (INCA), the Ministry of Labor and Social
Security (Fundacentro) and universities to estimate
the population exposed to some agents, following
the Carex (CARcinogen EXposure) international
methodology implemented in countries in Europe,
North America and, more recently, Latin America
and the Caribbean, including Brazil.*

The prevalence of exposure to occupational risk
factors for cancer, such as solar radiation, handling
of chemicals, mineral dust, radioactive material,
night shift work and passive smoking at work, in the
Brazilian working population, can be calculated
from data of the National Health Survey that, since
2013, has inserted questions about such exposures in
its questionnaires.'3 It should be noted that exposure
to occupational carcinogens is a result of the work
process and, in most cases, workers are not given or
offered options or means to reduce or avoid it.14

It is perceived that gender inequalities in the
Brazilian labor market affect the access of women to
some economic sectors (such as civil and mechanical
construction, manufacturing, metallurgy, and
mining), and they enjoy a greater participation
in the service sector. Therefore, male workers are
more susceptible to exposure to dangerous and
potentially carcinogenic agents, especially in
activities related to farming, construction and
manufacturing, while women are the majority
in personal care and service occupations.'®
International studies revealed a higher prevalence
of occupational carcinogens in men compared to
women,'® mainly for: welding fumes, herbicides,
wood dust, solvents and night shift work.”

As for occupational exposure to solar radiation,
the most significant prevalences occurred in workers
in the farming and fishing sectors — for both sexes —
and in construction — for male workers. That is,
occupations characterized by the execution of
outdoor activities and, consequently, with greater
exposure to the solar radiation. Similar prevalences
were observed in the study by Peters et al.'® in Canada
for men in the agricultural sector (80%), and slightly
higher prevalences for construction workers (75%). In
Australia, the country with the highest skin cancer
rates in the world, Carey et al.'® detected a percentage
of 87.6% of men and 12.4% of women occupationally
exposed to solar radiation, figures close to our
results. The most exposed groups of workers were:
farmers, painters, plumbers, heavy vehicle drivers,
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horticultural workers, animal caretakers, construction
workers and artisans. Exposure to solar radiation is
recognized worldwide as the main risk factor for
melanoma and non-melanoma skin cancer, and lip
and eye cancer. In Brazil, non-melanoma skin cancer
is the most frequent in the adult population, with an
estimated 650,000 new cases for the three-year period
of 2020-2022.7

Regarding exposure to chemicals, the data in
the PNS is aggregated, making it impossible to
investigate each chemical substance individually.
However, it should be noted that, most of the time,
workers are occupationally exposed to a variety
of chemicals with carcinogenic potential in work
processes which are difficult to measure in health
surveys. The sharp growth of chemical industries in
the world economy has introduced new toxic agents,
resulting in new exposures at work with which
satisfactory mechanisms for regulating exposure
and protecting the health of workers cannot keep up.
According to the International Labor Organization
(ILO),?° only a limited number of chemical
exposures are considered and monitored with proper
regulations for work environments, which makes us
believe that data on the global burden of diseases
attributed to chemicals are often absent or severely
underestimated.

In this study, we observed greater exposure
to chemicals among men, in Machinery and
Related Trades Workers (52.1%), in Metal,
Science and Engineering Associate Professionals
(36.2%) and Market-oriented Skilled Agricultural
Workers (34.3%). Cogliano et al.? showed
various occupational carcinogens used in
civil and mechanical construction, metallurgy
and the electrical and electronics sector, such
as: benzene, benzidine, 1-3 butadiene, 2,
3,7,8-tetrachlorodibenzo-p-dioxin, bischloromethyl
ether, methyl chloride, diesel gasoline, among
others, which are strongly associated with the
occurrence of leukemia, lymphomas, multiple
myelomas, and lung and bladder cancer. In
agricultural workers, the greater exposure to
chemical compounds is due to the use in Brazil
of pesticides with carcinogenic potential, such
as glyphosate, diazinone, malathion, 2,4 D and
chlorothalonil.?! Exposure to those chemicals
increases the risk of non-Hodgkin’s lymphoma,
leukemia, cancer of the lung, liver and bile
ducts, testis, prostate, and other unspecified solid
tumors.?2:23

Among female workers, the highest rates of
exposure to chemicals were for Health Associate
Professionals, as well as health professionals, reaching
almost a quarter of workers in those occupational
groups. It is likely that the administration and
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handling of drugs and medications are the main
activities that contribute to higher exposure in these
subgroups. However, it should be noted that most
drugs are not carcinogenic, except for antineoplastic
agents. International organizations recommend
prioritizing the surveillance and monitoring of
occupational exposure to the following chemicals:
heavy metals, solvents, dyes, and pesticides.?°

As for exposure to mineral dust, the analysis of
PNS data does not allow us to distinguish between the
types of mineral dust to which workers are exposed.
We identified that, among male workers, the most
exposed are Building and Related Trades Workers
(excluding Electricians) (53.3%), and Labourers in
Mining, Construction, Manufacturing and Transport
(39.8%), while for female workers it was Market-
oriented Skilled Agricultural Workers (7.4%).
A previous study in Brazil in 2001 showed higher
prevalences than ours of exposure to silica mineral
dust in employed workers: 65% in construction, 59%
in stone extraction, 55% in the non-metallic mineral
industry and 24% in the metallurgical industry.'?
In a survey carried out in Costa Rica, prevalence of
exposure to mineral dust was significantly lower:
2.1% for silica, 0.5% for glass fibers and 0.02%
for ceramic fibers in the occupied population.?*
For 2012, the International Agency for Research
on Cancer (IARC) lists the following groups as
most exposed to mineral dust: farmers, miners and
construction and quarry workers, as well as those
who use or manipulate sand or other products
containing silica in processes related to foundry,
installation and repair of ovens, sandblasting and
production of glass, ceramics, abrasives, cement and
marble. The mineral dusts of greatest interest for
cancer in humans are silica and asbestos,?® which are
produced in drilling, mining and mineral extraction
activities, explosions, stone crushing and in the
construction sector. Occupational exposure to silica
may cause lung cancer, and exposure to asbestos
may causer mesothelioma and lung, larynx, ovary,
colon and rectum, pharynx, and stomach cancer.!

Night shift work was classified by IARC?® as a
probable carcinogen in humans, associated with
breast, prostate, colon, and rectum cancer. Changes
in serum melatonin and in the expression of central
circadian genes seem to be the mechanisms of
carcinogenesis present in exposed populations.?”
In our study, we found night shift work prevalences
in 15.5% of men and 9.4% of women, with greater
predominance in service sectors, reaching 52.3%
of men in protection and security services and
25.8% of women in Health Associate Professionals.
The population survey on work and income carried
out in Canada in 2011?® showed that 12% of the
occupied population was exposed to night shift work,
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45% of whom were women. In the same study, the
highest prevalences occurred among professional
categories similar to our results: security professionals
(37%), healthcare professionals (35%) and machine
operators and assemblers (24%). In China, data from
the baseline of a cohort with 3,871 workers from
different economic sectors (nuclear power plant,
semiconductors, steel, brewery, and graphics) showed
45.4% of exposure to night shift work, significantly
higher than the prevalence found in our study.?®
Such divergences may occur due to different criteria
for defining exposure to night shift work and the
occupation categories included in the analysis.

Regarding exposure to radioactive material,
in general, prevalences were relatively low, but more
pronounced in female workers (1.9%) than in male
workers (1.0%). Health Associate Professionals
(17.8%) and health professionals (17.5%) stood out,
with prevalences well above the average for women.
The study carried out by Piwowarska-Bilska et al.30
in Poland, in a nuclear medicine environment, also
demonstrated that technical-level professionals are
more exposed than other members of the hospital
staff. Major occupational sources of ionizing radiation
include hospitals and practices; nuclear power
plants and their supporting facilities; production
of nuclear weapons; industrial operations; research
labs; air and space travel and transportation
operations; and workplaces with high levels of
naturally occurring radioactive materials such as
radon.3! There are several tumor locations related to
exposure to ionizing radiation: cancer of the lung,
liver, pancreas, breast, uterus, bladder, ovary, brain,
bones, nasal cavity and paranasal sinuses, thyroid
and prostate, as well as leukemia and lymphomas.
In Brazil, there are radiological protection standards
establishing limits and parameters for monitoring
the occupationally exposed population, with special
attention to pregnant women and workers under
the age of 18. The aim is to restrict the amount of
effective dose received, considering the uncertainties
and harmful effects on health, especially among
pregnant women and workers under the age of 18.32

In Brazil, initiatives by the National Tobacco
Control Policy, introduced in 2005, enabled a 37%
reduction in passive smoking at work between 2013
(13.4%) and 2019 (8.4%).2® However, this study
found prevalences above the national average when
stratified by SMG. For men, the highest rates were
found among Building and Related Trades Workers
(excluding Electricians) (31.6%) and Electrical and
Electronics Trades Workers (26.4%). For women,
in turn, Domestic and Office Cleaners and Helpers
(11.8%) and personal service workers (11.5%) had
a higher prevalence of exposure to passive smoking.
In an evaluation of 6,996 Italian workers, Ruscitti
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et al.3* observed groups with greater exposure to
passive smoking at work that are different from
ours: artisans, skilled workers, and farmers. Data
from the European cohort study that monitored
14,590 individuals in three periods (1990-1995,
1998-2003 and 2010-2014) showed a significant
drop in passive smoking in workplaces, reaching
only 2.5% of the employed population in the last
year,S a significantly lower prevalence compared to
ours. These findings indicate the need to intensify
efforts to adopt institutional policies for smoking
cessation in the workplace and for smoke-free indoor
environments, as established by Decree 8262, dated
May 31, 2014.%

This study estimated the prevalence of
exposure to possible occupational carcinogens in a
representative sample of the Brazilian population
with more than 40,000 individuals. The first
step to start monitoring exposure to occupational
carcinogens in the employed population is to
identify the occupational categories with the highest
exposure and suggest actions to prevent them, in
order to avoid the occurrence of work-related cancer
in this population. Health surveys, when carried
out regularly — such as the National Health Survey,
which introduced specific sections on working
conditions and occupational exposures — make it
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