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Abstract:

BACKGROUND: Coal workers’ pneumoconiosis (cwp) is a parenchymal lung disease caused by
inhalation of dust from coal and rocks in the mine. It is possible to prevent the disease completely
with effective dust control; however, the secondary protection measures (screening and surveillance
programs) are recommended in cases where effective dust control cannot be achieved.

AIMS AND OBJECTIVES: The aim of this study is to discuss the cwp surveillance program and the
duties and powers of the workplace physicians in turkey based on the assessment results of cases
referred to our clinic by workplace physicians due to suspicion of cwp.

MATERIALS AND METHODS: This is a cross sectional study. The archive data were evaluated by
occupational diseases specialists.

RESULTS: Of the 127 coal mine workers, all males with a mean age of 40.5 + 8.9 Years, 63 (49.6%)
Were diagnosed as cwp. The duration of exposure to coal dust ranged from 7 to 390 months, and
the mean duration of exposure was 129.1 + 82.2 Months. Of the 127 coal mine workers, 49.6%
Were diagnosed as cwp.

CONCLUSION: According to the findings obtained in the present study, the assessment made by the
workplace physician and radiological evaluation plays a key role in the diagnosis and followup of cwp.
In turkey, periodic examinations continue to be the most important component of secondary protection
in terms of occupational risk. Pulmonary radiography is used as an indispensable component of early
diagnosis in employees at risk of developing pneumoconiosis. Furthermore, screening programs should
be evaluated with risk assessment and exposure information. Workplace physicians should reevaluate
the periodic examination and ilo assessment services in terms of technical and reader quality.
Keywords:

Coal workers’ pneumoconiosis, dust exposure, occupational diseases, primary prevention

large opacities may be seen besides small
opacities. Important radiological findings of
CWP include the presence of emphysema,
bullae, and air-trapping sites.!!

Introduction

Coal workers” pneumoconiosis (CWP)
is a parenchymal lung disease caused
by inhalation of dust from coal and rocks
in the mine. The radiological appearance
of simple CWP is typically parenchymal
small-rounded (1-5 mm) opacities. On
the other hand, in complicated CWP,
deterioration in parenchymal structure and

The main determinant of the risk of CWP
development is the exposure time to coal
dust and the intensity of exposure. An
increase in both determinants increases the
risk of developing CWP. Exposed coal dust
causes cell destruction through reactive
oxygen and nitrogen radicals.??! Other
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important parameters are known to be carbon, silica,
and iron content of coal dust and personal factors (e.g.,
smoking, additional diseases, etc.).>*!

CWP is still one of the most common pneumoconioses in
the world. In the guideline published by the International
Labor Organization (ILO) in 2013, the prevalence of CWP
was reported to be 18.8%.F! Although CWP incidence
has been reported to decrease gradually in developed
countries, it continues to be one of the most important
occupational diseases for developing countries. In a
research evaluating the data of national occupational
diseases in China, 60.8% of 23.152 new occupational
disease cases have been reported as CWP.I* It was
estimated that between 25.000 deaths were caused by
CWP globally in 2013." Occupational disease statistics
are published by the Social Security Institution (SSI)
in Turkey. According to the SSI's statistical yearbook,
18 (2.6%) of 691 employees diagnosed with the
occupational disease in 2017 were reported as CWP.[!
This number refers only to cases that have been found
to have permanent loss of the earning capacity in the
profession and indicates the presence of functional loss
as well as severe parenchymal findings. It is possible
to prevent the disease completely with effective dust
control; however, the secondary protection measures are
recommended in cases where effective dust control cannotbe
achieved. The mostimportant of these measures is screening
and surveillance programs.”?' In Turkey, examinations and
evaluations are performed within the scope of periodic
surveillance programs performed in the workplaces for
the diagnosis and follow-up of pneumoconiosis with the
regulations made as per the Occupational Health and Safety
Law no. 6331.1% The examinations to be requested within
the scope of the periodic follow-up are at the discretion
of the workplace physician and are mostly carried out
through ILO posteroanterior (PA) chest X-ray assessment
and pulmonary function test (PFT). Workplace physicians
are responsible for finalizing the diagnosis by referring cases
considered suspicious as a result of the ILO assessment to
authorized hospitals.!!

The aim of this study is to discuss the CWP surveillance
program and the duties and powers of the workplace
physicians in Turkey based on the assessment results of
cases referred to our clinic by workplace physicians due
to suspicion of CWP.

Materials and Methods

Selection of cases and assessment of occupational
disease

Following the exclusion of repeated applications, it was
seen that 40.8% (n = 712) of the patients admitted to our
outpatient clinic between September 2013 and December
2018 were referred with a preliminary diagnosis of

pneumoconiosis. Of these cases, 17.8% (1 = 127) were coal
workers. All cases were included in the study without
any sample selection. The diagnosis of pneumoconiosis
was made with the exclusion of work history, radiological
findings, and other possible diagnoses.!'

Referral information, complaints, history (operation,
accident, sportive activity, allergic disease, and
chronic disease history), hobbies, habits (smoking
etc.), family history, employment history (all the jobs
including additional works and military service since
the apprenticeship period, occupational training,
dust type, amount, density, and duration of exposure
to dust, and other workplace risks), environmental
history (asbestos exposure, bird feeding history, etc.),
physical examination and laboratory findings (PFT, chest
X-ray, and lung computed tomography [CT], if available)
were evaluated. Chest X-rays were evaluated according
to the ILO standard.["

Statistical analysis

Descriptive findings were expressed as percent,
mean + standard deviation, or median (minimum
value-maximum value). Kolmogorov-Smirnov test
and Kurtosis and Skewness coefficients were used
to determine whether variables were distributed
normally. In paired analyses, t-test, Mann—Whitney
U test, and Chi-square test were used. P < 0.05 was
considered statistically significant. Statistical analysis
was performed using SPSS version 21.0 software (SPSS
Inc. Version 21.0, Chicago, USA).

Results

Of the 127 coal mine workers, all males with a mean
age of 40.5 + 8.9 years, who were referred to our clinic
with the preliminary diagnosis of CWP, 63 (49.6%)
were diagnosed as CWP. The duration of exposure
to coal dust ranged from 7 to 390 months, and the
mean duration of exposure was 129.1 + 82.2 months.
Of the cases, 46.4% stated that there was an effective
ventilation system in their workplace and 45.7%
stated that they used masks regularly. While 52%
of the cases were smokers, 20.4% had quit smoking,
and the median cumulative exposure to tobacco
smoke was calculated as 13 (1-80) pack-years. There
was no significant difference between the cases
with and without pneumoconiosis in terms of age,
smoking, and pack-year (P > 0.05). The duration
of exposure to dust was significantly higher in
patients with pneumoconiosis than those without
pneumoconiosis (P < 0.05). Of the cases diagnosed
with pneumoconiosis, 34.9% stated that there was
an effective ventilation system in their workplace,
whereas this rate was 57.8% in cases without
pneumoconiosis (P < 0.05). Although the use of masks
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regularly was lower in patients with pneumoconiosis
than those without pneumoconiosis, the difference
between the cases was not significant. The presence
of complaints and physical examination findings
were higher in patients diagnosed with CWP;
however, there was no significant difference between
the groups in this regard (P > 0.05). There were no
white-collar workers among the cases diagnosed with
pneumoconiosis; however, 7.8% (n = 5) of the patients
who were not diagnosed with pneumoconiosis were
white-collar workers. Table 1 presents the data of the
cases referred with a preliminary diagnosis of CWP.

Periodic ILO chest radiograph readings of 65.4% (1 = 83)
of the patients referred with a diagnosis of CWP were
obtained from their workplace physicians. It was
seen that 37.3% (n = 31) of the radiograph readings
were evaluated as Quality 2. In 90.4% of the cases, the
dominant opacity was determined as P in ILO reading.
Table 2 shows the distribution of profusion and opacity
of the chest X-rays of these cases.

Table 1: Characteristics of coal mine workers with
and without coal workers’ pneumoconiosis

Mean+SD P
With CWP Without
(n=63) CWP (n=64)
Age 41.2+9.1 39.8+8.7 0.359
Duration of exposure (month) 148.9+80.2 109.6+80.1 0.007
Smoking status, n (%)
Smoker 37 (58.7) 29 (45.3) 0.318*
Never-smoker 15 (23.8) 20 (31.3)
Ex-smoker 11 (17.5) 15 (23.4)
Presence of effective ventilation 22 (34.9) 37 (57.8) 0.010
system in the workplace
Presence of any symptoms 22 (34.9) 15 (23.4) 0.154
Presence of physical 20 (37.1) 12 (18.8) 0.092
examination findings
Referring doctor
SSI 9 (14.3) 9(14.1) 0.656*
Chest disease specialists 17 (27) 13 (20.3)
Workplace physician 37 (58.7) 42 (65.6)

*For all P>0.05. CWP: Coal workers’ pneumoconiosis, SD: Standard deviation,
SSI: Social Security Institution

Table 2: Evaluation of periodic International Labor
Organization chest radiograph readings obtained from
workplace physicians (n=83)

Group Subgroup n (%)

Dominant opacity p opacity 75 (90.4)
q opacity 3(3.6)
s opacity 5(6.0)
Large opacity (A, B, C) -
ax -

Profusion Category 0 15 (18.1)
Category 1 64 (77.1)
Category 2 3(3.6)
Category 3 1(1.2)

Of the 63 patients diagnosed with CWP in our outpatient
clinic, 12.7% had normal chest X-ray results, and the
diagnosis was made based on the findings on chest CT and
employment history. P opacity was dominant in 58.7% of the
cases, and 61.1% of the cases were classified as Category 1 as
aresult of the profusion evaluation. Of the cases, 12.7% were
considered to be complicated pneumoconiosis [Table 3].

Forced expiratory volume in 1 s (FEV1), forced vital
capacity (FVC), FEV1%, and FVC% values of patients
with pneumoconiosis were lower than those without
pneumoconiosis; however, the difference between the
groups was not statistically significant (P > 0.05) [Table 4].

Discussion

According to the findings obtained in the present study,
the assessment made by the workplace physician and
radiological evaluation plays a key role in the diagnosis
and follow-up of CWP. Workplace physicians, as in other
occupational diseases, have first-degree responsibility in
identifying the cases at risk of pneumoconiosis due to
exposure to coal dust, planning a surveillance program
for cases with CWP, and the suspicion of CWP by
evaluating the findings obtained during follow-up. In
Turkey, periodic examinations continue to be the most
important component of secondary protection in terms
of occupational risk. Pulmonary radiography is used
as an indispensable component of early diagnosis in
employees at risk of developing pneumoconiosis.

Table 3: Evaluation of chest X-ray according to the
International Labor Organization classification in coal
workers’ pneumoconiosis patients in our clinic (n=83)

Group Subgroup n (%)
Dominant p opacity 37 (58.7)
opacity q opacity 17 (27.0)
s opacity 1(1.6)
Large opacity (A, B, C) 2(3.2)
ax 6 (9.5)
hi 6 (9.5)
Profusion Category 0 8(12.7)
category Category 1 41 (65.1)
Category 2 12 (19.0)
Category 3 2(3.2)

Table 4: Results of pulmonary function tests in those
with and without coal workers’ pneumoconiosis

Mean=SD P
With CWP (n=63) Without CWP (n=64)
FEV, (L) 3.3+0.8 3.4+0.9 0.470
FEV,%* 87.9+14.7 89.3+16.2 0.633
FVC (L) 4.2+0.8 4.3+0.9 0.339
FVC%* 90.6+12.3 92.9+15.1 0.347
FEV./FVC* 79.3+8.9 78.6+7.4 0.656

*P < 0.05. CWP: Coal workers’ pneumoconiosis, SD: Standard deviation,
FEV,: Forced expiratory volume in 1 s, FVC: Forced vital capacity
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Of our cases, 62.2% were referred to our clinic by their
workplace physician due to suspicious findings on
their chest X-ray results obtained through the periodic
examination. It is compulsory in Turkey to evaluate the
chest X-ray results obtained in the workplace according
to the ILO standard. This obligation is due to the necessity
to standardize the findings and the legal requirements
of the social security system.!'l Early diagnosis of
pneumoconiosis is possible using the findings obtained
through periodic X-ray examinations starting from
the date of employment. In our study, it was seen that
58.7% of the employees diagnosed with CWP were
referred by workplace physicians. However, 65.6% of
the cases referred to our clinic due to CWP suspicion but
not diagnosed with CWP were referred by workplace
physicians with a preliminary diagnosis of CWP. Periodic
radiological evaluations are considered as an important
early diagnosis tool. Nevertheless, pneumoconiosis
control process leads to unnecessary case evaluation and
causes the employee to face risks such as stigmatization
and dismissal, resulting in inevitable economic loss,
if information about the working environment is not
taken into consideration. It is important that the referral
information does not include risk assessment results,
employment history, and exposure-related information,
and it shows that the workplace physician has limitations
in the case evaluation process.

As aresult of our evaluations, large opacities associated
with advanced pneumoconiosis were detected in 12%
of the cases. When these cases were evaluated in terms
of working duration, the minimum working duration
was 48 months and the maximum working duration
was 276 months. In other words, considering that these
cases were subject to a periodic examination every
6 months and evaluated at least once before the start
of their employment, it can be calculated that they had
undergone periodic examination at least nine times.
Despite the regular X-rays performed in periodic
examinations, the presence of these cases may be related
to various reasons. Technical inadequacy of radiograms
obtained, the reader’s competence, or the failure to take
into account the radiogram findings can be considered
as the reasons why early diagnosis cannot be made. In
the early diagnosis of pneumoconiosis of the worker
at risk of exposure to dust, evaluation of periodical
radiograms and problems in the referral process, which
can be resolved by the workplace physician, are seen to
be important. However, the identified possible sources
of problems are correctable. Correcting the problematic
points mentioned above through periodic examinations
and ILO readings will further decrease the possibility of
delay in early diagnosis.

The role of PA graphy in the early diagnosis of
pneumoconiosis is indisputable. However, false-negative

results are known to occur particularly in early
pneumoconiosis cases (ILO grade: 0/1, 1/1). In a study
by Savranlar et al.,"¥ opacities were found in favor of
pneumoconiosis in thorax high-resolution CT (HRCT)
results of six of ten patients whose chest X-ray was
evaluated as normal. Ren et al.ll reported that there were
small opacities compatible with pneumoconiosis in the
thoracic HRCT evaluation of coal workers who had no
change in their chest radiography. Similarly, Gevenois
et al." also suggested thoracic HRCT evaluation in case
of suspicion in cases in the early period. In the present
study, chest X-ray was normal in 12.7% of CWP cases,
and the diagnosis was made based on the findings on the
chest tomography and employment history. Therefore,
evaluation with thoracic HRCT should be considered
in terms of early diagnosis in cases who were exposed
to dust more in the past. A screening program with
low-dose HRCT is being carried out for workers exposed
to asbestos in Finland; however, HRCT is not used in any
of the screening programs during CWP surveillance.!"!
Cost, accessibility, and increased radiation exposure
appear as the problems.”

In the literature, it has been reported that CWP
develops after an average of 10 years of exposure,
and the cases are diagnosed over 50 years of age. The
mean exposure time to coal dust in the present study
was compatible with the literature, but the age of
diagnosis was younger than the literature. This result
was thought to be related to several possibilities. The
two most important factors in the development of
pneumoconiosis are intensity and duration of dust
exposure.®*1l Based on our results, our cases who
were diagnosed with CWP at an earlier age compared
to the literature made us think that they were exposed
to more intense dust than the cases reported in the
literature. However, we do not have workplace dust
measurement results. It has been further reported that
different rock type and content (silica density, etc.)
may be important in the course of pneumoconiosis.
The rock content in Turkey may cause the disease to
be developed at an earlier age in our cases. However,
our sample size is insufficient to discuss this possibility.
There is a need for further studies (at the national
level if possible) evaluating more extensive data on
this subject.

When the country samples of the CWP surveillance
program are evaluated, it is seen that there is a significant
decrease in the incidence of CWP and CWP-related
mortality rates in the countries that carry out an
effective surveillance program.!”!8l However, workplace
health surveillance program in Turkey is carried out
at intervals determined by the relevant laws, and the
data obtained are not properly evaluated through an
effective surveillance. It is expected that periodic health
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surveillance programs that are made quite frequently and
more (6-month intervals) compared with other countries
will provide more effective results. In a study by Han
et al.l? on CWP, countries” health surveillance programs
have been examined and chest radiograph has been
seen to be recommended every 2-3 years in China,'’
4-5 years in the USA, and every 6 years in Australia,*
and it has been stated that there are major deficiencies
regarding the comprehensiveness and implementation
of occupational health and safety services throughout the
country although it seems that China carries out health
surveillance programs at more frequent intervals than
Australia, and therefore, the CWP diagnosis is reported
to be well below the actual figures. It is emphasized that
what is important in these systems is the quality of the
service provided and the control of the results.

Conclusion

The radiological assessment performed in accordance
with the ILO standard within the scope of periodic
medical examinations in the workplace is important
for early diagnosis. Furthermore, screening programs
should be evaluated with risk assessment and exposure
information. Workplace physicians should re-evaluate
the periodic examination and ILO assessment services
in terms of technical and reader quality. The quality of
service can be improved through internal auditing, such
as re-evaluation of certified readers after the trainings.
The results should be used to take the necessary measures
to determine and control the risk. Otherwise, this
assessment cannot go beyond the medical assessment
that occupational health and safety professionals conduct
to protect themselves, and nothing else can be achieved
except the burden on both the employer and the national
economy. Considering the results obtained in our study,
CWP is still a significant disease in Turkey and both
adjustments and improvements must be made regarding
the CWP surveillance.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Altin R. Coal worker’ pneumoconiosis. Turkiye Klin ] Pulm Med
2004;2:85-8.
2. Perret JL, Plush B, Lachapelle P, Hinks TS, Walter C, Clarke P,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

et al. Coal mine dust lung disease in the modern era. Respirology
2017;22:662-70.

Zhang Q, Huang X. Induction of ferritin and lipid peroxidation
by coal samples with different prevalence of coal workers’
pneumoconiosis: Role of iron in the coals. Am J Ind Med
2002;42:171-9.

McCunney R], Morfeld P, Payne S. What component of coal
causes coal workers” pneumoconiosis? ] Occup Environ Med
2009;51:462-71.

ILO. The Prevention Occupational Diseases; 2013. Available from:
https:/ /www.ilo.org/safework/info/ WCMS_208226/lang--en/
index.htm. [Last accessed on 2019 Jan 10].

Han S, Chen H, Harvey MA, Stemn E, Cliff D. Focusing on
coal workers” lung diseases: A comparative analysis of China,
Australia, and the United States. Int ] Environ Res Public Health
2018;15. pii: E2565.

Zosky GR, Hoy RF, Silverstone EJ, Brims FJ, Miles S, Johnson AR,
et al. Coal workers” pneumoconiosis: An Australian perspective.
Med J Aust 2016;204:414-8.

SSI. Statistical Yearbooks; 2017. Available from: http://www.
sgk.gov.tr/wps/portal/sgk/tr/kurumsal/istatistik /sgk_. [Last
accessed on 2019 Jan 10].

Verbeek ], Ivanov I. Essential occupational safety and health
interventions for low- and middle-income countries: An overview
of the evidence. Saf Health Work 2013;4:77-83.

Ministry of Family, Labor and Social Services, Regulation on the
Duties, Responsibilities and Trainings of Workplace Physicians
and Other Health Personnel; 2013, Ankara.

Ministry of Family, Labor and Social Services, Dust Control
Regulation; 2013, Ankara.

Alict NS, Cimrin A, Coskun Beyan A. Pneumoconiosis in
different sectors and their differences in Turkey. Tuberk Toraks
2016;64:275-82.

Savranlar A, Altin R, Mahmutyazicioglu K, Ozdemir H, Kart L,
Ozer T, et al. Comparison of chest radiography and high-resolution
computed tomography findings in early and low-grade coal
worker’s pneumoconiosis. Eur ] Radiol 2004;51:175-80.

RenHM, Xing JC, Yang L], Han WH, Yi W], Chen WH. Exploration
of the early detection of lung parenchyma micronodules, nodule
coalescence and emphysema by CT and HRCT in coal miners with
and without coal-worker’s pneumoconiosis evidence. Zhonghua
Lao Dong Wei Sheng Zhi Ye Bing Za Zhi 2012;30:13-6.
Gevenois PA, Pichot E, Dargent F, Dedeire S, Vande Weyer R,
De Vuyst P. Low grade coal worker’s pneumoconiosis. Comparison
of CT and chest radiography. Acta Radiol 1994;35:351-6.
Donaldson K, Wallace WA, Elliot TA, Henry C. James craufurd
gregory, 19" century Scottish physicians, and the link between
occupation as a coal miner and lung disease. ] R Coll Physicians
Edinb 2017;47:296-302.

CDC N. Enhanced Coal Workers” Health Surveillance
Program; 2018. Available from: https:/ /wwwcdcgov/niosh/
docs/2019-112/defaulthtml. [Last accessed on 2019 Jan 10].
CDC. The National Institute for Occupational Safety and
Health (NIOSH). Coal Workers” Health Surveillance Programme.
CDC; 2018.

Homer AW. Coal mine safety regulation in China and the USA.
J Contem Asia 2009;39:424-39.

Komljenovic D, Kecojevic V]. Management. Risk management
programme for occupational safety and health in surface mining
operations. Inter ] Risk Asses Management 2007;7:620-38.

122 Eurasian Journal of Pulmonology - Volume 22, Issue 2, May-August 2020



