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INTRODUCCION

A pesar de los indudables avances que, a nivel europeo, se
estan obteniendo en la lucha contra la *“Neumoconiosis de
los Mineros del Carbon™ y que sin duda son consecuencia
de 1a disminucion de los niveles de polvo al aplicar eficaces
sistemas de prevencion tecnica en las minas, existen casos,
como es el de 1a mineria del carbon en Espana, donde las
peculiaridades muy especiales de sus yacimientos,
generalmente formados por capas muy estrechas, con
numerosas intercalaciones de roca y alto porcentaje de si-
lice libre y explotadas manualmente, dificultan enormemente
la eliminacion del polvo, lo que se traduce en una mayor
incidencia de Ia Neumoconiosis de los Mineros del Carbon,
comparada con otros paises de la Comunidad Europea, a
pesar de los grandes esfuerzos que se hacen para disminuir
dicha enfermedad profesional.

Precisamente, entre las acciones planificadas a largo plazo
paraoombanrlaNeumooomostsdelos Mineros del Carbon,
figura un proyecto de investigacion Epldcnuologlco
Longitdinal, consistente en controlar la aparicion y
e:volucmndelaenfermedadenuncolechvoch 000 miperos
de 1a empresa nacional Hulleras del Norte, S.A. (HUNOSA),
relamonandoamvczaqnellospammeﬂ‘osdctxpomed;co
con los niveles y caracteristicas mineralogicas del polvo que,
individualmente, los mineros inhalan durante su vida laboral.
El proyecto se plantea a lo largo de la vida del colectivo
estudiado, lo cual incluye el seguimiento medico de aquellos
trabajadores que, por alguna causa (accidente, jubilacion,
etc.) abandonan 1a actividad minera.

OBJETIVO

El objetivo del proyecto es doble. Por una parte, y-en base
a 1a correlaccion enfermedad-niveles de polvo, se pretende
llegar a conocer la verdadera peligrosidad del polvo exlsmme
en nuestras minas (generalmente con altos contenidos de si-
lice libre), y asi poder fijar unos limites de riesgo que esten
muy en consonancia con la realidad. Por otra parte, los
reconocimientos medicos, a los que, como se¢ indica mas
adelante, se someten los trabajadores estudiados, permiten
valorar periodicamente *‘el estado de salud’’ de los mineros
del carbon en relacion con otros colectivos profesionales.
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METODOLOGIA

El proyecto, realizado por un equipo medico-tecnico pertene-
ciente al Instituto Naclonal de Silicosis y a HUNOSA, com-
cnzosutrabajoenel ano 1.983, se!cccxonandoyreoonoc:en-
do medicamente a un colective de unos 3.000 mineros que
habian iniciado su actividad laboral en la mina, entre los
anos 1.972 a 1.980, sin que anteriormente hubieran estado
sometidos a ningun riesgo en relacion con la Neumoconiosis
de los Mineros del Carbon. Posteriormente, cada 4 anos se
repiten los reconocimientos medicos, a la vez que, men-
sualmente, se les asigna a cada uno de los mineros
estudiados—!os indices de polvo relativos a los mg/m® y %
de silice libre.

Simultaneamente, desde el Instituto Nacional de Silicosis y
de analoga manera, se estudia un grupo control formado por
trabajadores no mineros, pertenecientes a la industria del
transporte, con quien s¢ comparan los resultados obtenidos
en el proyecto de los mineros del carbon.

El estudio se realiza en dos etapas o escalones.

El primer escalon incluye a todo el personal seleccionado.
Los reconocimien tos tienen lugar en los Dispensarios
Medicos situados en la propia mina, con revisiones period-
icas cada 4 anos. Se realizan por un medico y un asistente
tecnico sanitario, puestos por la empresa exclusivamente para
este estudio. Asi mismo, existe un ingeniero de minas que
dirige el control pulvigeno de los distintos puestos de trabajo.
A todo trabajador en el primer escalon se le realiza una en-
cuesta cubriendo un protocolo, una exploracion clinica,
radiografia de torax, electrocardiograma, espirometria, toma
de tension arterial y analisis de sangre y orina. Si presentan
alguna anormalidad pasan al segundo escalon, donde se les
haccntodaslaspruebasnecesanaspara]legaraundmg
nostico. Una vez obtenidos todos los datos, se le envia in-
forme al trabajador comunicando los resultados y si presen-
ta alguna enfermedad se le aplica tratamiento o se le orienta
hacia un servicio 0. Posteriormente, ¢l medico
coordinador del Instituto Nacional de Silicosis envia los datos
obtenidos al Servicio de Estadistica (Tabla I).

Cuando los parametros obtenidos en el primer escalon no
son normales pasan a un segundo escalon, bien sea en el



Tabla I
PRIMER ESCALON

SIN I LABORAL ANTERIOR

PRIMER ESCALON

l

DISPERSARIO DE MUNOSA
{L Hédieo y 1 A.T.5.)

Instituto Nacional de Silicosis o en los propios laboratorios
de las minas. En el primer caso, un medico coordina el paso
de los trabajadores por los distintos Servicios del Instituto,
al objeto de estudiar las diferentes patologias. Asi, en el Ser-
vicio de Medicina Preventiva, Diagnostico y Valoracion se
controla 1a hipertension arterial, Neumoconiosis simple y
Neumoconiosis complicada (Tabla IIT). En el Servicio de
Neumologia se estudian el carcinoma pulmonar, efusion
pleural, artritis reumatoide, esclerodemia o tuberculosis
pulmonar (Tabla IV). En Cardiologia: el cor pulmonale y
la cardiopatia isquemica (Tabla V). Finalmente en el Ser-
vicio de Fisiologia Respiratoria la obstruccion cronjca al flujo
o el sindrome restrictivo (Tabla VI).

Tabla II
SEGUNDO ESCALON

SERVICIO FISIOLOGIA RESPIRATORIA
= SERVICIQ DE CARDIOLOGIA

_INSTITUTO NACIOMAL DE SILICOSIS / - SERVICIO OE RATGS X

{1 Médico Coortinador y L Secre | - SERVICIC DE MEDICTHA PREVENTIVA,

tarial. DIAG. Y VALORACION DE NELMOCONIOSIS
SERVICIO DE NEUMOLOGIA

=LARORATORIO DE HUNOSA

Tabla III

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIQ DE MEDICINA PREVENTIVA, DIAGNOSTICO ¥ VALORACTON
DE LAS MEAMOCONTIOSIS.

- HIPERTERSION ARTERIAL
- NEUMOCONIOSLS SIMPLE

- NEIMOCONIOSLIS COMPLICADA
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Tabla IV

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIO DE NEUMOLOGIA DEL INSTITUTO NACIONAL DE SILICOSTS

-~ CARCTINOMA PULMONAR
- EFUSION PLEURAL
~ ARTRITIS REUMATOIDE

~ ESCLERODEMIA
- TUBERCULOSIS PULMONAR

Tabla V

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIO DE CARDIOLOGIA DEL INSTITUTC NACIONAL DE SILICOSIS

- COR PULMONALE

= CARDYOPATIA ISQUEMECA

Tabla VI

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIO DE FISTOLOGIA RESPIRATORIA DEL INSIITUTO MACTOMAL DE SIIICOSIS
- OBSTRUCCION CRONICA AL FLUJO
- SINDROME RESTRICTIVO

En los Laboratorios de ta mina se realizan las pruebas anali-
ticas pertientes para confirmar el diagnostico de diabetes
mellitus, intolerancia a la glucosa o hiperlipidemias (Tabla
vI).

Las placas radiograficas son leidas por tres lectores segun
los criterios de la ILO del 80.

El seguimiento previsto para el colectivo estudiado pretende
que, a io largo del proyecto, no se “‘pierda’ mas del 5%
de los componentes de partida.

En cuanto al segundo escalon, al tratarse aqui de estudios
especificos que se realizan en el Instituto Nacional de
Silicosis, se cuenta para ello con toda la estructura medico-
tenica de este Centro de Investigacion.

DESCRICCION DE LA PARTE TECNICA

La parte tenica es controlada y supervisada por el Depart-
amento Tecnico de Instituto Nacional de Silicosis.

El control del polvo se realiza de la siguiente manera: En
cada pozo se muestrean mensualmente los puestos de traba-
jo donde prestan sus servicios los trabajadores del colectivo
estudiado. Este control de polvo es realizado por los Ser-
vicios de toma de muestra existentes en los pozos, de acuerdo
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con las normas establecidas por el Departamento Tecnico
del Instituto Nacional de Silicosis.

Los aparatos utilizados para el control pulvigeno son los
gravimetricos de larga duracion que seleccionan el polvo de
acuerdo con la curva definida de Johannesburge y cuyo
resultado se especifica en miligramos de polvo respirable por
metro cubico de aire, en cuanto a la silice libre 2 toma de
muestra se realiza utilizando el inyector de aire comprimido
de uso habitual. (Tabla VII).

Tabla VII

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

~ LABORATORIO DE HUNOSA
- DIABETES MELLITUS
-~ INTOLERANCIA A LA GLUCOSA

- HIPERLIPEMIAS

Table VI
DESCRICCION DE LA PARTE TECNICA

AMALISIS

MUESTRAS

TRATAMIENT .
MEMBRANA

DEPARTAMERTD TEONICO

—
I.M.5. -LABCRATORIO

M DIFRACCION R.X.
- ESPECTROMETRIA I.R.

=& GRAVIVETRIA
- ANALISIS QUIMICD MUESTRAS
PARA
- (RANULOMETRIA AHALISTS
e FRACCION RESPIRAGLE
WUESTRA

5T m—
l CORRECTA
ELADORACION DE

RESULTADOS
NIVELES DE POLVO

—
-
%

FOZOS TOMA DE MUESTRAS

L
I SEGUN NORMAS T CONTROL
DEL I.N. S.

CENTRO ESTADISTICA
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Tabla IX
PARAMETROS PARAMETROS RESULTAIOS
PRIMER. ESCALON SEGINDO ESCALON NIVELES DE FOLYD

NS

SERVICIO DE ESTADISTICA

ANALISIS DE MUESTRAS

El analisis de muestras en realizado en los laboratorios del
Departamento Tecnico de! Instituto Nacional de Silicosis,
donde se realiza la preparacion previa de las membranas antes
deenviarlas a 1a mina, asi como todo el tratamiento posterior
a la toma de muestras.

El analisis de silice libre y de todos los componentes
minerales, se realiza utilizando *‘preferentemente’” los
metodos de difraccion de rayos X y espectrometria de
infrarrojos.

SERVICIO DE ESTADISTICA

Al Servicio de Estadistica, adscrito al Departamento Tecnico

del Instituto Nacional de Silicosis, afluyen todos los datos
medicos y tecnicos, siendo analizados y tratados
estadisticamente.

ESTADO ACTUAL DEL PROYECTO

Hasta la fecha se han realizado dos ciclos de reconocimien-
tos medicos (el inicial, al ingreso en la mina, y el primero
de los periodicos que se les va a efectuar, def que se llevan
reconocidos hasta la fecha unos 2.400 trabajadores del total
de los 3.000), asi como la valoracion continua de las
caracteristicas mineralogicas y de los niveles de polvo
(mg/m® y % de Si0,) existente en los distintos puestos de
trabajo, pudiendo decir que, practicamente, se siguen con-
trolando el total de los componentes del colectivo inicialmente
selecionado.

BENEFICIOS SOCIALES DEL PROYECTO

El cumplimentar los objetivos que persigue el proyecto va
a imponer conocer la peligrosidad real del polvo que se pro-
duce en neustras minas, pudiendo entonces planificar una
prevencion del mismo acorde con ¢l riesgo que dicho polvo
conlleva y que, indudablemente, va a suponer una
disminucion de la Neumoconiosis de los Mineros del Car-
bon, Ia cual, ademas de las graves consecuencias que supone
para los mineros que la padecen, desde el punto de vista ex-
clusivamente de las indemnizaciones economicas y refirien
donos a la region de Asturias donde se realiza el proyecto
presentado, alcanza un coste de unos 10.000 millones de
pesetas anuales.

Por otra parte, ¢l segundo objetivo referente al conocimien-
to de! estado de salud de los mineros va a suponer, sin duda,
la necesidad de realizar ciertos cambios de los habitos en
el comportamiento del colectivo estudiado que repercutiran
muy favorablemente en la calidad de vida de los mineros del
carbon.
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DUST EXPOSURE AND COALMINERS’ RESPIRATORY HEALTH

MICHAEL JACOBSEN, Ph.D.

Deputy Director, Institute of Occupational Medicine
8 Roxburgh Place, Edinburgh, Scotland EH8 95U

During the last 20 years my colleagues and I have been
publishing a series of reports describing the relationships be-
tween dust exposure and coalminers’ respiratory health,
Those reports were from the British Coal Board’s Pneumo-
coniosis Field Research—probably the most comprehensive
long-term epidemiological study of an industrial population
ever undertaken. It began 35 years ago in the late 1960’s.
It provided interim estimates of risks of coalworkers” simple
pneumoconiosis for different levels of dust exposure, and
this information was used by the British authorities, and by
our colleagues here in the USA as basis for fixing dust ex-
posure limits in coal mines. Soon afterwards, the same data
were used to show that exposure to coal mine dust also in-
creased risks of having symptoms of chronic bronchitis and
of suffering some reduction in breathing capacity, as mea-
sured by the forced expiratory volume.

Many other studies were completed subsequently, as the field
research continued at 10 of the original 24 mines that had
been selected originally, in 1953. They refined, elaborated,
and eventually verified the reliability of the CWSP risk
estimates that were first produced in the late 60’s and early
70’s; explored the effects of exposure to dust on coal miners’
mortality; described how exposure to respirable dust in-
creased miners’ chances of having pathological determined
emphysema, and more recently, showed how exposure to
respirable dust was related quantitatively to risks of develop-
ing not only coal workers’ simple pneumoconiosis, but also
the more serious disabling, and often fatal condition, PMF—
progressive massive fibrosis of the lung.

This afternoon I will describe results from some further
analyses of some of the accumulated material which were
aimed at expressing the long-term working-life risks of
pneumoconiosis, and of other effects of dust exposure on
respiratory health, on a common baseline: the different mean
concentrations of respirable dust to which a miner might be
exposed during his working life under different scenarios of
exposure limits and his responses to them.

First, however, I need to remind you of the essence of the
strategy used in the research which generated the informa-
tion in the medical data; radiographic signs of pneumo-
coniosis, respiratory symptoms and lung function levels,
were obtained at medical surveys at each of the 24 mines,
representing, in each case, an approximate 10-year period
of observation during the calendar years 1953 through 1968.
Two further medical surveys, generating a further decade

of observations were completed during 1978 at 10 of the
mines that were still open.

The exposures to dust for each individual miner who worked
at the pits during the 25-year period, were calculated by keep-
ing careful records throughout about precisely where each
man was working during each of the tens of thousands of
shifts that he attended. The average concentrations for such
“‘occupational groups’’ were multiplied by the number of
shifts each worked in them; and those products of concen-
trations {n mg/m?) and shifts (converted into hours) were to
give estimates of each individual’s exposure to dust. Ex-
posures experienced before the research measurements began
were estimated, from data acquired by interviews with each
man about where, how long, and what kind of work he had
been doing and the results from the dust sampling. Thus,
each man’s cumulative exposures to respirable dust, for the
whole of his preceding working life was calculated, the units
being products of concentrations of dust and time. The
various disease risk estimates were therefore expressed as
functions of exposures measured in those units,

If we assume that a miner starts exposure at 20 years of age,
and continues working underground for 35 years, with 1630
working hours per year, then those exposures can be ex-
pressed as mean of concentrations of dusts. So we may ask
from the data: What risks of discase may be expected at age
(20 + 35) = 55 for different mean concentrations of
respirable dust?

The pneumoconiosis risk estimates were calculated from the
most comprehensive set of data, describing more than 5,000
to approximately 5-year man intervals of exposure during
the whole 25-year period. This study involved more than
30,000 miners from all 24 mines.

The results from a study were first described briefly here
in Pinsburgh 5 years ago. Risks of pneumoconiosis were
higher, for any given level of exposure at pits with greater
carbon content in the coal. This is illustrated for category
1, simple pneumoconiosis, for higher categories, 2 or 3, and
also for PMF.

Don’t be misled by the apparently widening gap between the
two lines in this series of graphs—this is due to the chang-
ing scale on the vertical axes of the graphs. The effect of
the higher (91b) carbon content is about 2 to 3 additional
percentage concentration, and about § additional percentage
probability units at 7 mg/m?.
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Note, however, that the PMF risk, at the end of a 35-year
exposure period increases steadily and smoothly with the
mean concentration of dust experienced. This is a reflection
of two important factors:

First, a small, but statistically highly significant in-
crease in PMF risks among man with no simple pneumo-
coniosis (i.e., category 0);

Second, a very much more substantizl increase in risks
for that small minority of miners who develop even
category 1 simple pneumoconiosis--and increase very
clearly with increasing exposure.

The very dramatic increase in PMF risks after they develop
simple pneumoconiosis is fllustrated, which shows what hap-
pens if a man develops category 1, or even category 2, dur-
ing the first 10 years of his 35-yw exposure. At low (2
mg/m?) concentrations, there is an approximate ten-fold in-
crease in the risk if a man has category 1 already at the age
of 35, and a 20-fold increase if he progresses during those
first ten years to category 2. These results demonstrate
dramatically reduction in developing PMF by reducing dust
levels. This will effectively eliminate, or at least reduce, the
higher risks associated with the early presence of simple
pneumaconiosis, and will also protect the majority of miners,
with no pneumoconiosis, from the small but finite, PMF risks
at higher concentrations.

Risks of ending the 35-year exposure periods with respiratory
symptoms are taken from a study of a sample of miners from
10 of the mines, who all attended the first four of the medical
surveys. The sample was selected to provide an approximate
uniform distribution of exposures to dust and to maximize
the statistical precision of estimates of exposure-response
relationships.

At hypothetical zero dust Jevels, cigarette smokers in this
population stood a more than 3-fold higher chance than life-
long non-smokers of reporting chronic cough and sputum
production. The just over 7% probability at zero exposure
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for non-smokers reflects the effects of all other causes of
chronic bronchitis. Nevertheless, the risk more than doubles,
at about 18 %, for non-smokers who are consistently exposed
to high (i.e., 7 mg/m3) concentrations of dust.

A similar picture is found when considering breathlessness,
that is men who acknowledge that they are breathless when
they walk at their own pace on level ground: an approximate
three-fold increase for cigarette smokers (as compared with
non-smokers) at low dust concentrations, and also an approx-
imate three-fold increase in the risk for non-smokers who
are exposed to concentrations of dust as high as 7 mg/m®.

Do these dust-related increases in bronchitic symptom risks
imply corresponding increases in lung function impairments?
A recent re-analysis of data first published in 1973, shows
that they do.

If the dust-associated decrements in FEV,, small or
average, are expressed as risks of having an FEV, less than
80% of that expected in non-smoking miners with no ex-
posure to dust, then the risk of having this deficiency in-
creases steadily with increasing exposure, both among
cigarette smokers and non-smokers; and what is more, at
approximately the same rates. Note again, that the risk for
a non-smoker who has been exposed to high (7 mg/m?) con-
centrations of dust, is comparable to that attributable to
cigarette smoking in the absence of dust exposure.

FEV; 65% of that predicted, also shows the relationship
with exposure; and again, the effect attributable to smok-
ing, at zero exposures, is similar in magnitude to that
associated with a high, 7 mg/m?®, exposure over 35 years in
non-smokers.
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CORRELATIONS BETWEEN RADIOLOGY, RESPIRATORY SYMPTOMS AND
SPIROMETRY IN ACTIVE UNDERGROUND COAL MINERS IN BRAZIL"

EDUARDO ALGRANTL* MSc « Albino Jose de Souza Filhot

*FUNDACENTRO, Sao Paulo, SP, Brazil
$Hospital Sao Jose, Criciuma, Santa Catarina, Brazil

INTRODUCTION

In Santa Catarina’s coal district, with around 200,000 in-
habitants, there are about 2,000 cases of pneumoconiosis,
most of which are from underground coal mining.

It is suspected that the coal mining industry, the main local
economic activity, is responsible not only for pneumoconiosis
but also for airway chronic irritation-resulting pathologies.
Pneumoconiosis is caused directly by occupational dust ex-
posure and the other related pathologies are caused by a
number of factors, especially dust exposure,!? cigarette
smoking and occupational and environmental exposure to
80;,'* which is high due to the existence of underground
diesel exhaust machines and of large open coal depots and
rejects. Brazilian coal is rich in sulphur.

Some previous papers related to coalworkers pneumoconiosis
{CWP) in Brazil have already been published. They focus
on clinical and radiological aspects of the cases'> and the oc-
currence of progressive massive fibrosis.! We lack infor-
mation, i.e., epidemiological data which address questions
about the occurrence, not only of pneumoconiosis, but also
about the prevalence of respiratory symptoms and functional
impairment of the exposed population.

Dust exposure conditions in Brazilian coal mining are dif-
ferent from those where classical works on CWP were per-
formed. The Brazilian coal has plenty of ashes, i.e.; just 60%
of mined material is coal. Many environmental measurements
show high quartz concentrations, often above 10%17 which
makes us suppose that the CWP in Brazilian mines has a
distinct clinical and evolutive behavior from the classical
CWP. Probably the same happens in relation to respiratory
symptoms and lung function impairment.

This is the first prospective epidemiological study about the
respiratory compromise in active Brazilian underground
coalworkers.

METHODS

During 1984, six underground mines in Santa Catarina’s coal
district were investigated. They employed 2,134 miners,
which corresponded to a third of the underground miners
in the region. One of the mines was manual, 3 were

a by grant from the Brazilian Ministry of Labour (SSMT/MTh/No
014/83).

semimechanized and 2 were mechanized. A random sample
of 50% of the miners (within each job description} was
selected from the 6 mines’ records. A summary of the sam-
ple is presented in Table I. Sickness absence, vacation and
refusal were the reasons for the absence of workers. In these
cases there was no replacement.

The 956 miners were submitied to a questionnaire on
respiratory symptoms adapted from a questionnaire on
Chronic Bronchitis (MRC, UK, 1976) by 6 trained profes-
sionals, and a spirometry with a dry-wedge spirometer
(Vitalograph, Vitalograph Limited, Buckingham, UK).

A minimum of 3 curves were obtained for each miner. For
analysis, only spirometries having a maximum difference of
100 ml for the FEV, between the 2 best curves were ac-
cepted.! FEV,, FVC and the ratio of FEV/FVC were
calculated. The values were transformed to BTPS.

The companies were responsible for the radiographs, which
were considered valid until 1 year before the interview. Each
radiograph was read independently by 3 experienced readers,
according to the 1980 ILO International Classification.” The
profusion of small opacities was given by the median of the
3 readings.

The exposure index used was the number of years spent
underground (number of years of exposure, NYE) in one
or more jobs described individually. Approximately one third
of the miners referred having had more than one job. The
smoking habits were calculated in pack-years (PY), and the
nutritional status by the formula weight/height? (Quetelet
Index).

The correlations between two variables were analysed
throngh contingency tables. The correlations between NYE,
PY and functional respiratory parameters were obtained
through loglinear® and multiple linear regression models.
The correlation of multiple variables and the occurrence of
pneumocoeniosis was initially analysed through a multiple
linear regression model, where the relative importance of
the independent variablés was deduced. Due to the existence
of dichotomous variables a probit regression analysis was
also performed* to predict the probability of occurrence of
the dependent variable (in this case, pneumoconiosis).
Throughout this study *“‘p’” values were considered signifi-
cant below the 5% level.
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RESULTS

The mean age of the 956 miners was 30.7 £+ 5.7 (21-50).

The mean number of years of exposure (NYE) was 5.8 +
4.5 (0-26).

Only 816 radiographs were obtained from which 108 were
considered inappropriate for reading (quality 4). The
prevalence of pneumoconiosis was 5.6% (40 cases with pro-
fusion 1/0 or above). The NYE of miners with
preumoconiosis was 8.4 + 4.7. Eighty cases (11.3%) were
read as profusion 0/1 and the remaining 588, 0/0.

The presence of respiratory symptoms is presented in Table
II. Cough and/or phlegm were only considered positive if
they were present for at least 3 months. Breathlessness was
considered positive if it occurred at heavy efforts.

Table IIT shows the lung function tests mean values for 768
miners. The remaining 188 (20%) had their spirometries in-
validated because of technical defects. Both groups had a
similar mean age and mean height but miners with accepted
spirometries, had the mean NYE significantly lower
(p <0.01).

The distribution of the observed/predicted FVC and FEV,
values was similar: 41.3% of the miners presented FEV,
lower than 80% and 39.8% FVC lower than 80%, while
8.7% presented FEV, lower than 60% and 7.5% FVC
lower than 60%. Only 9.8% of the miners presented the ratio
FEV/FVC lower than 70%.

Out of the 956 miners, 580 (60.7%) were smokers, 128
(13.4%) ex-smokers and 248 (25.9%) non-smokers. The

Table 1
Sampling of Underground Miners

SIZE OF THE MO OF MIRERS 3
MINE METHOD™ NQ OF MINERS SAMPLE ATTENDING ATTENDING
1 SH 191 93 73 78
2 Me 250 128 122 95
3 Me 595 306 260 85
4 SM 598 299 274 92
5 M 267 135 130 96
6 Ma 233 102 97 95
TOTAL 2134 1063 956 90
* SM = Semi Mechanized
Me = Mechanized
Ma = Manual
Table I

Cough, Phlegm and Breathlessness in Underground Miners

COUGH {Z) PHLEGM {1) BREATHLESSNESS(X)
Yes 331 (34,7) 337 (39,5) 291 (30,4)
No 625 (65,3) 619 (60,5) 665 (69,6)
TOTAL 956 (100} 956 (100) 956 (100)
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smokers’ pack-years mean (PY) was 10.1 + 8.4 and the ex-
smokers’ 11.2 + 9.9.

Table HI
Mean Values of Lung Function Tests in 768 Miners

TEST MEAN % SD
FEV, (1) 3.73 ¥ 0.64
Fve (1) 4,59 ¥ 0.73
FEV,/FVC (%) 81.2 -2 9.00
FEV, 0/P (%) 95.5 I 30.30

Fvgc 0/p (%) 102.0 I 35.00

Table IV shows the isolated correlations between NYE, PY,
lung function tests and respiratory symptoms. Both NYE and
PY presented a significant correlation with the presence of
cough, phlegm and breathlessness. Regarding lung function
tests, only a significant negative correlation was found be-
tween NYE and FEV,/FVC.

The influence of smoking and the number of years of ex-
posure were studied in relation to lung function tests in
loglinear and multiple linear regression models, the latter
with FEV,, FVC and FEV,/FVC as dependent variables.
The results are presented in Tables V and VL. (The results
of the loglinear model which comprises FEV,, PY, and
NYE were omitted for being similar to the results obtained
through the model with FVC, PY and NYE).

Loglinear models indicated that in the analysis between NYE,
PY and FVC, and NYE, PY and FEV,, the structure that
better explains both relationships contains a significant
association between NYE and PY. The iterations between
NYE, PY and FEV,/FVC had low *‘p’* values, thus were
not analysed. The multiple linear regression analysis showed
that the effect of NYE was more relevant in relation to
FEV; and FVC but PY is more relevant in relation to
FEV,/FVC.

Finally, the behavior of respiratory symptoms, functional
parameters and NYE and PY were analysed in relation to
the presence of pneumoconiosis. In the first analysis a multi-
ple linear regression model was fitted with profusion of smatl
opacities as the dependent variable. The results are shown
in Table VII. NYE and breathlessness were significantly
associated with the presence of pneumoconiosis. FVC was
not considered as an independent variable in the above-
mentioned table. PY was neglected due to its minimum con-
tribution in the eguation.
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The mutltiple linear regression model is not the most suitable
for analyzing variables with dichotomous values such as
cough, phlegm and breathlessness. For a better understand-
ing of the relationships we applied the probit regression
technique, assuming for the dependent variable (profusion)
a dichotomous value (0 = category 0, 1 = category 1 or
above). The respiratory symptoms such as cough, phlegm
and breathlessness assumed the values 0 = absentand 1 =
present). The FVC and FEV, are expressed in centiliters.
The results are presented in Tables VIII to X.

The probit regression analysis confirms the significance of
NYE and breathlessness in relation to the prediction of
poeumoconiosis and in addition it shows a significant cor-
relation with FEV,/FVC (positive} and FEV, (negative).
The distribution of the predicted values among the subjects
shows that there is a good chance of classifying an individual
correctly given known variables.

DISCUSSION

The radiological evaluation was affected since the industries
were in charge of the examinations. Consequently 140
radiographs were not sent and 108/816 were considered in-
adequate for classification. The prevalence of 5.6% of
pneumoconiosis is not high. However, the mean NYE of
cases is very low. The CWP prevalence in underground
United States miners in the late 70’s was just below 5%, but
the mean exposure time was much higher than the 8.4 years
here observed.!?

The quartz concentrations exceeded 10% in more than one
third of the samples of respirable dust in the investigated
mines. In three fourths of the samples the TLV of quartz
was exceeded.!” These quartz concentrations are likely to
affect the estimates of pneumoconiosis prevalence in
underground coal mining when compared to countries where
there are lower quartz concentrations.®

Approximately 1/3 of the miners complained of cough,
phlegm and breathlessness. This figure seems to be excessive,
nevertheless, there are not comparative data available from
a control population. The environmental levels of SO, are
high in the regicen due to the existence of large open coal
depots.

A third of the miners, having valid lung function tests,
presented the FEV, and the FVC below 80%. Miners with
rejected lung function tests for analysis (20% of the sample)
have shown a NYE mean significantly higher than the miners
with valid tests. This may probably have underestimated the
functional effects resulting from dust exposure. Both NYE
and PY correlated significantly with the presence of cough,
phlegm and breathlessness.

The analysis of the NYE and PY influence over the func-
tional parameters showed that only NYE associated
significantly with the drop in FEV,/FVC. When the effects
of these two factors were analysed in a multiple linear regres-
sion model, NYE proved to be more important in relation
to the decline in FEV, and FVC, while PY proved to be
more important in relation to the decline in FEV,/FVC.
This latter is, comparatively, a better isolated test for bron-
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X2 Values for Contingency Tables. Number of Years of Exposure (NYE)

Table IV

or Pack Years (PY) and Lung Function Tests of Respiratory Symptoms

NYE (DF) PY (DF)

FEV, 6.02 (4) 2.2 (4)
FYC 1.7 (8) 3.3 (4)
FEV,/FVC 9.5+ (4) 5.5 (a)
COUGH 21.2%*+ (2) 20.2+++(2)
PHLEGM 11.6** (2} 6.15% (2)
BRETHLESSNESS 50.8%** (2) 13.9%+»(2)
*pg 0.05

**ng 0.01

wetp g 0.001
OF = Degrees of Freedom

Table V
Observed Adjusted Values for the Log Linear Model PY.FVC, PY.NYE (Probability = 0.6876)*

PY
F¥C NYE NS 10 10 ES TOTAL
0- 5 9 7.3) 8(11.9) 2( 2.5) 0( 0.5) 19
< 0.60 5 - 15 2 4.1) 8¢ 4.8) 3¢ 2.3) i( 0.5) 14
15 - 1{ 0.5) 1( 0.3) 0{ 0.2) 0( 0.0) 1
0- 5 32(82.2) 62(61.5) 33(28.7) 1( 1.0) 138
0.60 - 0.60 5 - 15 24(23.8) 25(25.1)  23(26.7) 1( 1.0) 73
15 - 3( 3.0) ¢ 1.5) 2( 2.6) 0( 0.0) 6
13 it it 2 i sttt -ttt i ittt ittt ittt i ittt ittt it it ittt it ittt it
0- 5 136(76.5)  136(132.7) 54(57.9) 5( b.5) 270
> 0.80 5-15 B5(83.1) 51(55.1) 57(53.9) 4¢ 4.5) 157
15 - 5( 5.5) 3¢ 3.2) 6( 5.2) o( 0.0) 14
TOTAL 206 285 180 12 693

% 3 and t values were significant only to 2 levels of FVC and to all levels of the
table PY x NYE.
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Table V1
Coefficients, Standard Error (SE) and F Value of the Multiple Linear Regressions

DEPENDENT INDEPENDENT
VARIABLE VARIABLES COEFFICIENT SE F
CONSTANT 368.6514 _
FEV, NYE -2.0007 0.5122 15.26%
PY -0.4581 0.2671 2.94
CONSTANT hi5.9138
FVC NYE -1.9781 0.5903 11.23%
PY -0.2002 0.3078 0.42
CONSTANT 82.6080
FEV,/FVC PY -0.1457 0.0399 13318
NYE =0.0898 0.0766 1.37
*pc 0.005
Table VII

Coefficients, Standard Error (SE) and F Value of the Multiple
Linear Regression, Dependent Variable: Profusion

COEFFICIENT SE F
Constant 0.2664

NYE 0.1396 0.0385 13.13*
BREATHLESSNESS 0.1957 0.0723 7.32*
COUGH 0.0807 0.0749 1.16
FEV, -0.0003 0.0003 1.10
QUETELET INDEX 0.0640 0.0764 0.70
PHLEGN 0.0417 0.0712 0.34
FEV,/FVC 0.0013 0.0032 0.16

*p < 0.005
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Table VIII
Probit Regression Coefficients. Dependent Variable: Profusion (0 or 1)

COEFFICIENT SE T P
CONSTANT -9.4601 4.9535 -1.9098 0.0562
NYE ¢.0582 0.0183 3.1835 0.0015*
BREATHLESSNESS 0.5627 0.1809 3.1109 0.0019*
FEV1IFVC 0.1235 0.0595 2.0762 0.0379*
FEV, -0.0265 0.0129 -2.0532 g.0401~
F¥C 0.0192 0.0105 1.8247 0.0680
QUETELET INDEX -0.0492 0.0301 -1.6348 0.1029
COUGH -0.1141 0.1965 -0.5809 0.5614
PHLEGH 0.0374 0.1915 0.1953 0.8452
PY -0.0007 0.100 -0.0074 0.9407

chial obstruction. The loglinear model showed that the in-
teraction cigarette smoking-years of exposure was signifi-
cant for the structure of the relationships with FEV, and
FVC.

Table IX
Change in Probability Evaluated at P = 0.056

P = 0.056
NYE 0.0066
BREATHLESSNESS 0.0639
FEVilFVC 0.0140
FEV, -0.0030
FyC 0.0022
QUETELET INDEX +0.0056
COUGH -0.0130
PHLEGM 0.0042
PY -0.0001
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The contribution of dust exposure on lung function was at
first minimized in the literature, due to the complexity of
the analysis of all respiratory hazard factors related to coal
mining.!! Recent and reliable data clarified these points,
showing the relationship between dust exposure in coal mines
and respiratory symptoms.*-® Data analysis on the relation-
ship between dust exposure and cigarette smoking was ad-
dressed by Elmes.2 In British coal industry, cigarette smok-
ing is today the main cause for determining miners” func-
tional deterioration, although both factors have their contribu-
tion. A more recent paper on these relationships in British
coa! workers showed that the combined effect of dust ex-
posure and cigarefte smoking appears to be additive, and
there are no definite proofs, that smoking is more important
than dust exposure.©

Although there are no routine dust sampling in Brazilian coal
mines that permit us to derive cumulative indices of exposure,
it can be supposed that dust exposure hazards in Brazilian
coal mines are pot comparable to British, American and Ger-
man findings due to qualitative differences in respirable
quariz. In fact, the loglinear analysis indicates an important
effect of the association between cigarette smoking and dust
exposure on the determination either of FEV, or FVC.
Since miners with rejected lung function tests presented a
mean NYE significantly higher than the analyzed group, the
effect of dust exposure on the lung function parameters is
likely to be underestimated. We believe that only the
longitudinal follow-up of these miners will clear up the con-
fused correlations of these variables.



Table X
Predicted Probabilities (in Intervals of 0.1) by Observed Value (0 or 1)

Epidemiology—Coal T

PREDICTED

0-.09 .1-.19 .2-.29 .3-.39 .4-,49 .5-.59 .6-.6% .7-.79 .8-.89 .9-1.0

OBSERVED
0 568 78 19 3 0 0 0 0 0 0
1 21 14 2 3 0 0 Q 0 0 0
The multiple linear regressiorn model showed that NYE 2. Elmes, P.C.: Relative Importance of Cigarette Smoking in Occupational

followed by breathlessness are the most significant factors
related to pneumoconiosis. Multiple linear regression models
are not suitable in the presence of dichotomous variables due
to its difficulties in estimating probabilities restricted to the
interval 0.1. In addition, the multiple linear regression
assumes that the effect of the independent variables is con-
stant along the whole variation of the predicted dependent
variable. The probit regression analysis seems to be more
appropriate in these circumstances and yields estimated coef-
ficients which are asymptotically unbiased, efficient and
consistent.

The results of the probit anatysis were similar to those of
the multiple regression analysis including the FEV,/FVC
and FEV, as significant variables. This analysis
demonstrates that for each year of exposure a 0.6% effect
is added to the observed probability of pneumoconiosis
(5.6%). Cough, phlegm and smoking had no relation with
the presence of pneumoconiosis. In British coal miners,
smoking does not affect the risk of developing CWP.

These data indicate a probable excess of respiratory symp-
toms in Brazilian coal miners. Cough, phlegm and breath-
lessness were significantly related to both dust exposure and
smoking. The association of dust exposure and smoking
showed a significant effect in relation to the FEV, and
FVC. Although the dust exposure effect was underestimated,
we are not able to conclude which one of these variables was
more responsible for lung function deterioration. The most
determinant factor, as far as pneumoconiosis is concerned
was the dust exposure; individuals with pneumoconiosis
tended to have breathlessness and a low FEV,. This group
of miners will be followed up in 1989.
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