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The Brazilian cohort of pulp and paper workers:
the logistic of a cancer mortality study
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1 Departamento de Medicina Abstract The International Agency for Research on Cancer (IARC) proposed this international

Social, Faculdade de historical cohort study trying to solve the controversy about the increased risk of cancer in the
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Federal de Pelotas. workers of the Pulp and Paper Industry. One of the most important aspects presented by this
C.P. 464, Pelotas RS study in Brazil was the strategies used to overcome the methodological challenges, such as: data

96010-160, Brasil. access, data accuracy, data availability, multiple data sources, and the large follow-up period.

Through multiple strategies it was possible to build a Brazilian cohort of 3,622 workers, to follow
them with a 93 percent success rate and to identify in 99 percent of the cases the cause of death.
This paper, has evaluated the data access, data accuracy and the effectiveness of the strategies
used and the different sources of data.
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Resumo A Agéncia Internacional para Pesquisa sobre Cancer (IARC) prop6s uma coorte histori-
ca internacional para tentar resolver a controvérsia sobre o risco aumentado de cancer em tra-
balhadores das industrias de celulose e papel. Um dos aspectos mais relevantes deste estudo no
Brasil refere-se as estratégias utilizadas para superar desafios metodoldgicos, tais como: acesso
aos dados, acuréacia e disponibilidade dos dados, multiplas fontes de dados e longo periodo de
acompanhamento. Através de multiplas estratégias, foi possivel construir uma coorte brasileira
de 3.622 trabalhadores, acompanhar 93% dos casos e identificar a causa de 99% dos 6bitos. Este
artigo avalia o acesso aos dados, sua acurécia e a efetividade das estratégias utilizadas para o
acompanhamento da coorte.
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Introduction

The cancerrisk in the Pulp and Paper Industry
has been controversial. Chlorine compounds
are some of the most important chemical sub-
stances suspected to be carcinogenic. The
studies already done have suggested an excess
of certain cancers, especially lung cancer, ma-
lignant lymphomas, but for most part, they are
inconclusive with regard to considerations of
etiologic agents (Boffetta et al., 1991; Torén et
al., 1996).

Thus, the International Agency for Research
on Cancer (I1ARC) decided to perform the Mul-
ticentric International Cohort Study of Workers
in the Pulp and Paper Industry which included
18 countries (Boffetta et al., 1991). The aim of
this project was to investigate the mortality
and cancer morbidity in personnel employed
in plants producing pulp, paper and paper
products, and in mills involved in the recycling,
in relation to specific processes and chemical
exposures in these industries (Boffetta et al.,
1991). The historical cohort was planned to fol-
low more than 100,000 workers (WHO, 1995).

The Brazilian Cohort is participating in the
mortality study with 3,622 workers of one Pulp
and Paper Industry. The studied industry isone
of the 10 biggest in Brazil producing 300,000
tons per year of pulp and 2,000 tons per year of
paper with a Kraft process. This is one of the
first historical cohort studies carried out in
Brazil and one of the few which had completed
the follow-up with an acceptable lost.

This study is significant because of method-
ological challenges, such as data access, data
accuracy, data availability, multiple data source,
and the large follow-up period. The lack of
models in the country and the lack of experi-
ence of the research team with this study de-
sign were also important challenges.

To people interested in learning more
about historical cohort studies, or to imple-
ment them, it is instructive to examine in de-
tail the methodology and operational issues of
previous studies (Breslow & Day, 1987). Con-
sidering that, this paper describes the strate-
gies used to complete the follow-up of the
Brazilian Cohort, and discusses some critical
issues to carry out a historical cohort study.
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Methodology

The Brazilian cohort

The Brazilian cohort involves blue and white-
collar workers, both sexes, with a minimum of
one year continuous employment in the indus-
trial area of a Pulp and Paper Industry, wich is
located in a city nearby the capital of the state
of Rio Grande do Sul.

The exposition period of the cohort goes
from June 1969 — when the industry starts — to
December 1991. The workers dismissed before
March 1972 were excluded, because a great
part of them were working in the construction
of the industry. The follow-up period stops in
December 1994 (Figure 1).

Logistic

Cohort construction

To construct the cohort, the following identify-
ing data were collected: worker’s name, name
of parents, date of birth and sex, and the occu-
pational data, such as department, job titles
and dates of starting and ending each occupa-
tional period.

This information was extracted at the in-
dustry from three databases: the archives, the
active workers files and the computerized
records. The identification data was computer-
ized to build the list of workers and to start the
vital status identification. The list allowed us to
check the workers who had been employed
more than one time to join their data.

Four research assistants had worked in the
cohort construction for two months. After this
first data collection, it was realized that the
parents’ names were needed to link the identi-
fication data with other databases. One re-
search assistant collected this extra informa-
tion in six months.

Vital status identification

Electoral Court search

The central strategy to identify the vital status
of the cohort was the Electoral Court search.
This option was related to the legal obligation
to vote for the Brazilian people over 18 years of
age. Thus, all Brazilians over 18 years old who
are formally employed are registered at the Elec-
toral Court, and these records are computerized.

To establish this vital status, a list was print-
ed with the identification data of the cohort



and sent to the Electoral Court. The workers’
name, parents’ names and date of birth were
used by the Electoral Court to check the data-
base of the state of Rio Grande do Sul. It identi-
fied the workers that were alive, some recent
deaths and the ones who were not on the regis-
ters. A number of voting registrations were not
used because it had changed in 1986, and for
the most part the workers with voting registra-
tion numbers in the industry records were the
old ones.

The Electoral Court completed the search
in six months.

Identification, at the industry, of the Voting
Registration Emission Place and the current
number of the voting registrations

For the workers who were not in the Electoral
Court records, they were identified at the in-
dustry, and the Voting Registration Emission
Place. Also the voting registration that had the
current numbers were sent to the Electoral
Court, which did a new search. One industry
worker was paid by the research to do this
search overtime. It took one month.

Information from professionals of the
industry’s health center and from workers
employed at the industry for a long time

Reseachers asked the professionals of the
health center and the workers that had been at
the industry for a long time to look at the list of
workers that were not on the Electoral Court
records and if they knew, to identify their vital
status.

Household search in the city where
the industry is located

This search was done for the 329 workers regis-
tered at the industry who were living in the city
where the industry is located.

Five people were selected from the city
where the industry is located to do the search.
If the worker or his (her) family were living at
the address, the vital status was identified. If
there was another person living currently at the
address, they were asked, or their neighbors
were asked if they knew any information con-
cerning the worker’s whereabouts. People liv-
ing in the city for a long time updated the
names of the streets that had been changed.
The household search took two months.
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Figure 1

Design of the historical cohort. Brazilian pulp and paper study, 1998.

Follow-up

Inclusion period

Cohort
construction

1969 1981

Exposition period

1991

Phone search at the city were the industry
is located and at the state capital

A phone search was done in the city where the
industry is located and at the state capital. A
similar search was done in the city where the
industry is, in the capital of state, and in small
cities around the area. It used the worker’s
name, the family name and the address (in-
cluding neighbors) to search the phone num-
bers. At least one number was tried for each
one of the 165 workers searched, but in some
cases two or three phone numbers were tried.
One research assistant and the coordination of
the Brazilian cohort did the identification of
the phones. The phone calls and the household
search were done simultaneously.

Identification of the state to where the
workers migrated: Electoral Court search
in other states

Through the information gained during the
household search and from workers employed
at the industry for a long time, the place of res-
idence was identified for 24 workers. After that,
the Electoral Court was asked to search for
them in the registers of the specified states.

Search in the Death Registration Office in
the city where the industry is located, and
in the oldest and largest Death Registration
Office of the capital of the state

The Death Registration Office of the city where
the industry is located and the oldest and largest
Death Registration Office of the capital of the
state were searched to find the 297 lost workers
who were not found through other strategies.
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In the Death Registration Office of the city
where the industry is located, the data had two
types of organization: books in order of date of
death with an alphabetical resume at the end,
and cards in alphabetical order, but not very
well organized. The data was not computer-
ized. One research assistant took 2 months to
do the search.

In the oldest and largest Death Registration
Office at the capital of the state, the data was
computerized. The workers of the Death Reg-
istration Office had done this search in one
week.

Cause of Death Identification

The search for cause of death was done in the
Death Registration Office of the city where the
industry is located and in all seven Death Reg-
istration Offices in the capital of the state. This
search was done for the 95 workers identified
as dead. The process took one month. Just two
of the Death Registration Offices were comput-
erized, the others were organized in two ways:
a book ordered by date of death and cardsin al-
phabetical order. Some Death Registration Of-
fices were contacted by phone in other cities
where some deaths were registered. The Office
sent us a photocopy of the documents by mail
or fax. For the cases that the search in the
Death Registration Offices were unsuccessful,
the family was contacted to get a photocopy of
the Death Certificate. The workers of the Death
Registration Offices did the search of cause of
death and one research assistant got the Death
Certificates with the families.

Results

Cohort construction

It has identified 3,622 workers that had been
working in the industrial area for more than
one year. It made a careful search to exclude re-
peated records, to join complementary records,
and to preserve the homonymous (Figure 2).

Vital status identification

Electoral Court search

From the list of 3,622 workers of the Pulp and
Paper Industry, the Electoral Court identified
81 percent alive, 0.3 percent dead and 19 per-
cent who were not in their records. Once the
Electoral Court eliminated from the records the
deaths that occurred several years ago, it was
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identified relatively more workers alive than
dead. (Figure 2).

Identification, at the industry, of the Voting
Registration Emission Place and the current
number of voter registrations

At the industry, the Voting Registration Emis-
sion Place was identified for all 19 percent of
the lost workers, but the current number of the
voting registrations were available only for
one percent of the lost workers. With this infor-
mation, the Electoral Court had done a new
search, identifying 85 percent alive, 0.3 percent
dead and 15 percent were still not in their
records (Figure 2).

Information from professionals of the
industry’s health center and from workers
employed at the industry for a long time

This strategy allowed us to identify 11 lost
workers, six workers were alive and five work-
ers were dead. Thus, the proportion of lost
workers was reduced to 14.6 percent (Figure 2).

Household search in the city where
the industry is located

For the 329 workers registered as living in the
city where the industry is located, the house-
hold search identified the vital status of 44.4
percent of them. This strategy decreases the
study loss to 10.6 percent (Figure 2).

Phone search at the city where the industry
is located and at the state capital

Through the phone list, it was searched 165
workers, identifying the vital status of 44.8 per-
cent of them. The loss was reduced to 8.6 per-
cent by the phone search (Figure 2).

Identification of the state for where the
workers migrated: Electoral Court search
in other states

The 24 lost workers identified as migrant were
traced in the specified states by the Electoral
Court. It has identified one worker as dead and
13 workers as alive. The proportion of lost
workers was reduced to 8.2 percent through
this strategy (Figure 2).



Search in the Death Registration Office in
the city where the industry is located and
in the oldest and largest Death Registration
Office of the capital of the state

This strategy identifies only dead workers, rec-
ognizing 25 percent of the deaths in the cohort.
After this procedure, the study loss decreased
to 7.5 percent (Figure 2).

Cause of death identification

Despite the difficulties in the Death Registra-
tion Offices and the constraints in asking the
family for the Registration of Death, the cause
of death was identified in 99 per cent of the
cases (Figure 2).

Discussion

After four years of developing multiple strate-
gies and using a variety of sources we obtained
the success to construct a cohort of 3,622 work-
ers and to follow them until 1994 with an ac-
ceptable lost (Monson, 1990). Despite all logis-
tical difficulties, it was possible to complete the
follow-up of this historical cohort study. As
Breslow & Day (1987) mentioned, the success
with which the follow-up is achieved is proba-
bly the basic measure of the quality of cohort
studies.

In Brazil, like other countries, the access to
personal data is restricted by law (Hernberg,
1992). However, this access can be facilitated
to researchers, if ethical requirements are ob-
served. This study obtained an ethical approval
from the IARC and the Ethical Committee of
the Faculty of Medicine of the Universidade
Federal de Pelotas (UFPel), who considered the
relevance, the objectives of the study, and the
confidentiality of the data. The industry and
the Chief Judge of the Electoral Court, taking
into account the ethical commitment of the
study, allowed access for all the data. Further-
more, as soon as the vital status was identified,
the worker’s name and parents’ names were ex-
cluded from the database. The greater problem
regarding access to the data was the restriction
to do quality control in the search realized by
the Electoral Court and the Death Registration
Offices.

The logistic was facilitated by the size and
location of the involved cities. The studied
workers mostly lived in the city where the in-
dustry is located or in the capital of state. In
many cases, industries are located in industrial
areas with several cities of different sizes
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Figure 2

Strategies used to follow-up the cohort. Brazilian pulp and paper study, 1998.

Cohort construction
(N =3,622)

Vital status identification
Electoral court search
Alive = 2,939

Dead = 12 Lost = 671

Identification, at the industry, of the voting registration emission place

and the current number of the voting registers
Electoral court search
Alive = 3,067

Dead = 13 Lost = 542

Information from professionals of the industry’s health center and from workers
employed at the industry for a long time

Alive = 3,073 Dead = 18 Lost = 531

Household search in the city where the industry is located (n=329)
Alive = 3,185 Dead = 52 Lost = 385

Phone search at the city where the industry is located and
at the state capital (n=165)

Alive = 3,241 Dead =70 Lost = 311
Identification of the state where the workers migrated:

electoral court search in other states (n=24)

Alive = 3,254 Dead = 71 Lost = 297

Search in the death registration office in the city where the industry is located
and in the oldest and largest death registration office of the capital in the state

Alive = 3,254 Dead = 95 Lost =273

Cause of death identification (n=95)

Search in the death registration office of the city where the industry is located
and in all (7) death registration offices of the capital in the state

Identified = 94 Not identified = 1
Cancer cases = 19 Other causes = 75

around where the workers live. This can make
it impossible or very expensive for the house-
hold search, and the search in the Death Regis-
tration Offices, which was essential to reduce
the losses.

The most important problem to develop
this historical cohort was the data quality. Gen-
erally, several problems can be found in the
databases available in Brazil, such as under
registration, missing-data and outdated data,
once they are collected regularly for other pur-
poses than research (Schilling, 1986). Hopeful-
ly, the state of Rio Grande do Sul has one of the
best registers in the country. Otherwise, formal
workers need to update their registers to get
new employment. Both aspects contribute to
the data quality of the cohort.

On the other hand, in Brazil, each person
has several personal identification numbers,
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which make difficult to link different sources of
information (Hernberg, 1992). With the lack of
a unique identification number, the link was
done using the worker’s name, parents’ names,
and date of birth.

The database of the industry used to con-
struct the cohort had relatively accurate data
on identification and exposure of workers,
which is essential to the identification of the
vital status, and the cause of death, but also to
the data analysis (Schilling, 1986). One of the
few problems found was missing data related
to parents‘ names. However, the losses due
this missing data were very low (Hernberg,
1992).

The Electoral Court was the central strategy
to follow-up the cohort, once it identified the
vital status for 81 percent of the cohort in the
first search. Then, the other strategies needed
to follow only 671 unidentified workers, in-
stead of the whole cohort (3,622 workers)
needing to be done. Despite this, there was a
relatively greater identification of living people
in relation to the dead people, because the
Electoral Court did not maintain the records of
deceased people a long time ago. Among the
unidentified workers, there were deceased
workers, migrants, or lost workers. This is a po-
tential problem in any type of cohort study,
particularly those involving a long follow-up
period (Kleinbaum et al., 1982).

The Electoral Court updated their records
based on the information sent by the Death
Registration Offices, but they often did not
have control of the ones that were responsible
for this obligation and the others that were
late.

Thus, there was a possibility of false living
people. To manage this problem, it was decid-
ed to wait six months from the end of the fol-
low-up to the beginning of the search. This
was done to allow the Death Registration Of-
fices time to send the data of death to the Elec-
toral Court. There is no possibility of false
dead people, once the death was confirmed by
the Death Certificate. An up-to-dated number
of the voting registers could be very useful in
the vital status identification, making quicker
and more precise the Electoral Court search.

The identification of the vital status of
some workers by the professionals of the in-
dustry’s health center and by workers em-
ployed at the industry for a long time was pos-
sible because they had a relationship with sev-
eral ex-workers. In some cases, the information
about ex-workers was obtained with their rela-
tives working at the industry in the data collec-
tion period.
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The household search and the phone search
were the first tentative to depurate the greater
concentration of dead people among the lost
workers. One problem in this strategy was that
some addresses were very old. In the last two
decades, several streets changed their names,
and several places did not exist anymore, like
hotels and lodging houses that had been closed
or changed their function, and households that
changed to businesses. The most important
problem in the phone search was that many
workers did not have a telephone and that the
women tended to list their phone numbers un-
der the husband’s name (Schonorr, 1993). De-
spite these obstacles, the mentioned strategies
overcome the expectations. They were applied
to sixty percent of the lost workers, and they
made possible to find almost half of the con-
tacted workers, reducing the losses by four per-
centage points.

The vital status of the identified migrant
workers were also made by the Electoral Court
of the state of Rio Grande do Sul, because they
have access to the registers of other states.
However, the Electoral Court is able to do the
search only if the state of residence is known.
The current number of the voting registrations
could have enlarged this type of search.

The last strategy to establish the vital status
was the search of lost workers in the Death
Registration Offices. This search identifies just
dead workers and compensates the greater
identification of living people in relation to the
dead people introduced by the first search at
the Electoral Court.

The identification of the cause of death was
done by the search in the Death Registration
Offices and by the collaboration of some fami-
lies. These strategies were very effective once it
identified 99 percent of the causes of death.
The unidentified case was the one which the
cause of death were not found in the search at
the Death Registration Offices, the place of reg-
istration of death was unknown and communi-
cation with the family was not possible.

The accuracy of the cause of death certifi-
cate is always a worry in mortality studies. But
the authors evaluated that the broader the cat-
egory, the better the reliability of the registered
cause of death. In addition, they agree that the
major categories of cause of death, such as
cancer, are usually correctly registered. Other-
wise, the cause of death reported on death cer-
tificates was coded by a trained professional in
the rules specified by the International Classi-
fication of Diseases (ICD) and World Health
Organization (WHO) based on the 10th revi-
sion (Breslow & Day, 1987; Checkoway et al.,



1989; Halpering et al., 1996; Hernberg, 1992;
Monson, 1990).

Historical cohorts on mortality data may
still be useful to investigate undiscovered oc-
cupational hazards that are fatal. The most im-
portant study limitations are related to the
quality of the information and the complete-
ness of the follow-up (Breslow & Day, 1987;
Hernberg, 1992; Schilling, 1986). In this study,
the selected strategies made it possible to iden-
tify the vital status of 93 percent of the cohort,
and almost 100 percent of the cause of death of
the deceased workers, thus achieving the re-
quired completion of the follow-up.
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