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An occupational population is characterized as a basis for epi-
demiological study. Parameters include age, smoking history,
vears of work, job title, all medical diagnoses by 3-digit ICD code,
and selected laboratory test results. By example analyses diff-
crences are examined in the incidence of chronic bronchitis and
circulatory system disease by smoking history and job title. The
data base includes coal gasification plant workers and surface
lignite miners in Kosovo, Yugoslavia. Because of the national
system of socialized medicine, similar data are available for all
worker organizations in Yugoslavia.

This paper characterizes monbidity in an occupational population as a basis
for epidemiological study. While it focuses on a specific occupational group,
i.e. workers at the Kosovo coal gasification plant and a comparison group of
lignite surface miners, similar information is available for all worker onga-
nizations in Yugoslavia.

The coal gasification plant is located in Obili¢, in the Autonomous Province
of Kosovo, Yugoslavia. It supplies up to 480 million Nm3 gas annually with
a heating value of about 16.7 MJ/Nm3. The plant is operated by Electro-eco-
nomy of Kosovo (EEK) which also operates surface lignite mines and two
coal-fired electric power plants. EEK employs about 15.000 people in total.
The EEK Medical Clinic, with a staff of 20 physicians, provides primary me-
dical care for all workers and maintains their medical records using a medical
records system standard throughout Yugoslavia.

The gasification plant has been in commercial operation since 1971, suffi-
cient time for many potentially occupation-related health effects to develop
in the workforce. The workforce was relatively stable with limited shifting of
jobs within the plant. The gasification plant and lignite mine were designated
as work areas having potential respiratory hazards and workers are screened
for respiratory disease in pre-employment medical examinations.
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SUBJECTS AND METHODS

Population Description. All current and fonmer workers at the gasification
plant (n = 757) were characterized by date of birth, sex, smoking habit in 1980
(and, for smokers, number of cigarettes smoked per day and number of years
smoked), years of work, job title and location. Information was drawn from
EEK personnel and medical records. Each worker was assigned a number for
purposes of this study. Duplicate computer files, identified by worker number,
were kept at the EEK Medical Clinic in Yugoslavia and at Brookhaven Na-
tional Laboratory. Listings of workers’ names and pension mumbers (equi-
valent to a social security number in USA) associated with each number were
kept only in Yugoslavia.

Each worker entered the cohort at the date of his or her assignment to the
plant. While the plant began commercial operation in 1971, some workers were
assigned before that time for training and startup testing. While different
from those during commercial operation. pre-1971 exposures were of the sa-
me general nature. Records were incorporated in the study through 1980 or
the year the worker left (if before 1980). Because of the small number of wo-
men in the workforce, particularly when broken down into subgroups by job
category and length of service, only males were included in the analysis.

Records of 500 lignite miners were selected as a comparison population.
These were charactenized in the same way as the gasification plant workers,
with the study period extending from the date of their first assignment to the
mine and continuing until 1980 (or the year the miner left the mine if earlier
than 1980). The mine began operation in the 1920s and originally included un-
derground operations. All miners with underground experience were iden-
tified and excluded from the study (28 out of the 500).

Basic demographic statistics from the gasification workers and the lignite
miner sample were compared to detect differences between the groups (Ta-
ble 1). The number of workers at the gasification plant and the lignite mine
for each year during the period 1971—1980 is given in Table 2.

Job titles (profession) and principal work location in the gasification plant
were identified from personnel records for each gasification plant worker (1).
Twenty-two job titles were identified in all (Table 3). Individual assignments
to these categories were reviewed on site with current workers. Workers ge-
nerally stay in the same protession throughout their career. Lignite miners
were not classified by job category for this study.

Medical Data. Workers at both the gas plant and lignite mine receive all
primary medical care at the EPK medical clinic which has a staff of 20 phy-
sicians. Medical records are maintained using a standard medical records sys-
tem which exists throughout Yugoslavia. Two separate records are kept on
each worker. The first records results of routine, periodic medical exami-
nations; the second is an encounter file recording results of examinations, treat-
ment, and follow-up from a worker reporting in sick. The latter file also
includes hospitalization and referral records; these are believed to be complete
for all hospitalization ordered from the clinic or other hospitalization in Ko-
sovo, but may not include records from medical care outside of Kosovo (e.g.,
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emergency hospitalization or other medical care occurring outside Kosovo
while the worker is on vacation). Both files were used to develop the data for
this study.

Physicians in Yugoslavia are trained to encode all diagnoses by 3-digit code
of the International Classification of Diseases refenred to here as ICD. These
are encoded at the time of diagnosis using the ICD version in effect at the
time. In addition, the written diagnosis is entered in the medical record in
Latin with supporting comments in the local language. The three-digit ICD
codes were abstracted from the medical records of the 757 gas plant workers
and the 500 lignite miners for all diagnoses from first assignment through 1980
and encoded on microcomputer diskette (KAYPRO II) by year of diagnosis.

Although ICD code books were changed from the 8th edition to the 9th edi-
tion on 1 January 1979 at the EEK medical clinic, a check of reported ICD codes
against the written diagnosis for a small sample of cases indicated that some
codes entered in 1979 were from the 8th edition. Since at least entries for 1979
were thus suspect for diseases with ICD codes which changed between the 8th
and the 9th editions, and since there were linsufficient resources available to
check each diagnosis for 1979 and 1980, it was decided to exclude 1979 and 1980
data from analyses in which misclassification would affect the results.

Chronic bronchitis (ICD 490—491) was diagnosed at the EEK medical clinic
using the standard Medical Research Council questionnaire. This question-
naire has been well tested in the region (2, 3).

In addition to disease diagnoses, results of pulmonary function tests and
some laboratory blood tests conducted as part of routine physical exams were
also encoded (sedimentation, leukocytes, and erythrocytes). Additional labo-
ratory analyses were available for some workers but were not encoded. Pul-
monary function results (FEV, and vital capacity) were available for over 90/,
of smokers and 509/¢ of non-smokers.

Methods to follow-up workers who left the plant were established, but this
report only includes disease data from the EEK medical clinic records and
thus only morbidity occurring while a worker was employed by EEK. If a
worker moved to another EEK facility, e.g., a power plant, his records would
still be maintained in the EEK Department of Medicine and were included lin
the follow-up.

ANALYSIS

Analyses were carried out to investigate potential health impacts as part
of the Kosovo Coal Gasification Plant Health Effects Study (4). Example ana-
lyses of general interest are reported here. These are incidence of chronic
bronchitis and circulatory system diseases for the combined population by
smoking history and for gasification plant workers by job title. Chronic bron-
chitis included ICD 490—491 and circulatory system diseases included ICD
390—459 (with the exception of 455, hemorrhoids). Changes between the 8th
and 9th revisions of the International Classification of Diseases do not affect
these analyses.

Incidence of disease was determined by age group and length of service in
the gasification plant or lignite mine by calculating the number of persomns
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diagnosed in an age and length of service category divided by the number of
person-years at risk in that category. Age and length of service categonies we-
re selected a priori. Age categories selected were: <25, 25—34, 35—44, 45—54,
55+. Length of service categories selected were: 1 year, 2—4, 5—9, 10+. Only
the first diagnosis was included in the analysis. For circulatory system dis-
cases, only the first diagnosis within the category was included. Person-years
at risk included only pre-diagnosis exposure. The year of diagnosis was con-
sidered as 0.5 person-year at nisk. Age- and length of service-adjusted morbi-
dity rates were then calculated by the direct method using the combined po-
pulations as the base.

For analysis by smoking habits, three exposure categonies were defined:
(1) non-smokers, (2) smokers with a lifetime consumption of fewer than 146.000
cigarettes (equivalent to 20 cigarettes per day for 20 years), and (3) smokers
with a lifetime consumption of more than 146.000 cigarettes.

Disease incidence was considered by job title separately for smokers and
non-smokers. Job titles were aggregated into six job title groups: (1) mainte-
nance workers, who might be expected to have high exposures and generally
had a high school education; (2) engincers and foreman. who generally had
technical school (post high school) or college educations; (3) laboerers, who
generally had less than a high school education; (4) office and laboratory wor-
kers; (5) miscellancous titles which individually had few people; and (6) un-
known. Only the first three groups contained sufficient cases to consider. Re-
sults from the other remaining groups were lumped for comparison.

RESULTS

Characteristics of the Study Population. The selected study cohort consisted
of 757 coal gasification workers. One hundred-thirty-five were excluded from
analysis: 88 (11.6%/y) females and 47 (7.0°/0) with incomplete data. The rema-
ining 622 workers accumulated 6620 person-years of exposure during the study
period, an average of 10.6 years per worker. Among the initial sample of 500
miners, 58 were excluded: 21 (4.2%/y) females, 28 (6.0°/y) with previous under-
ground mining erperience and 9 (1.99/y) with iacomplete data. The remaining
442 miners accumulated 5053 person-years of exposure during the study pe-
riod, an average of 12.0 ycars per miner. Summary demographic data on both
groups are included in Table 1. The gasification plant workers and lignite mi-
ners are similar in average age. Gasification plant workers on average have
109/ less time on the job than miners.

Effects by Smoking Habits. Overall, 299y of the population were smokers.
Incidence rates of chronic bronchitis and circulatory system diseases were
compared among workers with different lifetime smoking histories: mon-smo-
kers, moderate smokers (lifetime consumption of fewer than 146000 cigarettes),
and heavy smokers (Table 4). Moderate smokers had a lower chronic bron-
chitis incidence rate than non-smokers, although the difference was not stati-
stically significant. Heavy smokers had a significantly higher chronic bronchi-
tis incidence than either non-smokers or moderate smokers (p << 0.05). Circu-
latory system disease incidence rates were esentially the same for the three
categories.
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Table 1.

Surunary information on population

Gas Plant Lignite Mine

Statistics on Total Population

Total number s 157 500
Women 88 (11.6%/s) 21 (4.2%)
Incomplete data 47 ( 6.2°) 9 (1.8%0)
Underground mining

experience 0 28 (5.6")

Statistics on Those Included in Analysis

Number included 662 442
Person-year exposure 6615 5053
Average years experience in

1980 10.0 114
Average age in 1980 342 35.5
Percent smokers 28
Average cigarettes per day

among smokers 233 243
Average years smoked

among smokers 14.2 15.0
Left job before 1980 156 (25.1%0)

Table 2

Nurber of workers in coal
gasification plant and lignite
surface mine during the period

1971—1980.

Coal Lignite
Ycar Gasification Plant Mine
1971 526 1134
1972 545 1239
1973 547 1338
1974 558 1471
1975 579 1538
1976 584 1425
1977 569 1424
1978 570 1440
1979 535 14490
1980 531 1526
10 year mean: 554 1398
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Table 3.

Coal gasification plant job assignments

Code Education

Requirement Job Title

00 — Unknown

01 Tech School Plant engineer

02 High School Maintenance mechanic
03 None House cleaner

04 Nomne- Laborer

05 High School Maintenance electrician
06 Tech School Foreman

07

High School

Administrative officer

08 College Graduate engineer
09 High School Chemical technician
10 High School Technician

11 High School Welder

12 High School Bookkeeper

13 High School Metal smith

14 None- House man

15 High School Plumber

16 None- »Puts signs up«

17 None- Warehouse man

18 High School Mechanical technician
19 None- Driver

20 High School Insulator

21 High School Painter

Locational Assignment
0 Unknown
1 Generator
2 Air separator
3 Phenol plant
4 Rectisol plant
5 Laboratory
6 Process control maintenance
7 Mechanical and electric maintenance
8 Administrative
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Table 4.

. Incidence of chronic bronchitis and
circulatory system disease by smoking history

Smoking Category Chronic Bronchitis Circulatory Disease
Non-smokers 15.3a (112)b 15.1 (109)
Moderate Smokersc 121 (24) 15.0 (31)
Heavy Smokersd 19.3 (31) 15.3 (25)

aAge and length of service adjusted incidence rate: number of cases at first diagno-
sis per 1000 person-year at risk.

bNumber of cases, first diagnosis.

cModerate smokers: lifetime consumption of fewer than 146 000 cigarettes (equiva-
lent to 20 cigarettes per day for 20 years).

dHeavy smokers: lifetime consumption of equal to or more than 146 000 cigarettes.

Table 5.

Incidence of chronic bronchitis CB and circulatory system
disease (Circul) by job title

Non-smokers Smokers
Title CB Circul. CB Circul.
Engineers and
foremen a7 ) 12 8) 11 G5) 16 (6)
Maintenance 12 (30) 17 (43) 12 (19 13 (18)
Laborers 15 6) 11 (5) 13 2) 16 2)
Others 19 ) 84 (4) 24 (2) 38 (2)

*Age and length of service adjusted incidence rate: number
of cases at first diagnosis per 1000 person-year at risk.
®Number of cases, first diagnosis.

Effects by Job Title. Incidence of chronic bronchitis increased in the follow-
ing order for both smokers and non-smokers (Table 5): engineers and super-
visors: maintenance workers: laborers: others. There was no consistent pat-
tern for circulatory system diseases. For non-smokers, circulatory system di-
sease incidence increased in the following order: laborers: engineers and fo-
reman: maintenance workers. For smokers, the opposite order occurred. None
of the differences in circulatory system disease incidence rates for the various
job titles, however, were statistically significant.

DISCUSSION

The low percentage of smokers in the population (Table 1) probably reflects
economic conditions in the area. The same may be true of the generally high
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rates of chronic bronchitis, particularly for a population which was selected
in pre-employment examinations for respiratory health. Available data indicate
that over 909/, of the diagnoses were simple chronic bronchitis without im-
pairment of pulmonary function (4).

A comparison of chronic bronchitis rates in non-smokers vs. smokers indi-
cated mo difference between the two. Only when smoking history was further
subdivided did an (unexplained) low chronic bronchitis rate in moderate smo-
kers and an elevated incidence in heavy smokers appear.

The pattern of increase in chronic bronchitis incidence seen in Table 5
(from engineers and foreman to maintenance workers to laborers) corresponds
to decreasing educational level and may be more related to socio-economic dif-
ferences represented by education than to differences in occupational expo-
sure. Associations between chronic bronchitis and education income have been
suggested previously (5).

The category »other« (Table 5) includes a wide variety of jobs. One of these
is administrative and laboratory workers. Although only males were included
in the analysis, the majority of laboratery workers were women. Since labora-
tory workers range through the plant to take samples for analysis, their ex-
posures might be high. Closer examination of this largely female population
is warranted.

Lack of any significant differences among job titles for circulatory system
disease incidence is similar to findings of Van Peenen and co-workers for me-
dical insurance claims in petrochemical workers (6).

The strength of the data base is its completeness and its ability to generate
accurate disease incidence rates. It draws data from individual imedical re-
cords in the company medical clinic which provides primary medical carc and
malntains complete medical records for all workers. Because of the mational
system of socialized medicine, similar information is available for all worker
organizations in Yugoslavia.

CONCLUSION

Increased incidence of chronic bronchitis among heavy smokers and a trend
in chronic bronchitis incidence by job title associated with educational level
were found. No parallel effects were found in circulatory system disease inci-
dence. The study showed that retrospective encoding of individual medical
records of workers in Yugoslav industrial and mining facilities can provide
an economical and comprehensive data base for epidemiological analysis of
disease incidence.
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SazZetak

IZVORI ZA EPIDEMIOLOSKO PROUCAVANJE ZDRAVSTVENIH EFEKATA
GASIFIKACIJE UGLJA

Analiza zaposlenih radnika sluzila je kao osnova epidemioloskog proucavanja.
Pracdeni parametri obuhvatili su dob, naviku pusenja, radno mesto i sve lekarske
dijagnoze prema trocifrenoj internacionalnoj kodifikaciji bolesti, kao i odredene
laboratorijske rezultate. Dat je primer proucavanja razlika incidence hroni¢nog
bronhita 1 bolesti cirkulatornog sistema prema navici pusenja i radnom mestu.
Podaci se odnese na radnike gasifikacije uglja i rudnika povrsinskog kopa u Ko-
sovskom bazeau. S obzirom na zdravstvenu zastitu i unificirani sistem, sli¢ne in-
formacije sc mogu dobiti za sve radne organizacije u Jugoslaviji.
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