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Several risk factors are associated with cardiopulmonary stress of industrial workers. Most important factors are
job strain, job demand, physical effort, work station environment etc. In India, study on occupational cardiopulmonary
stress among china clay miners is scanty.

The present study was aimed to evaluate the cardiopulmonary stresses of the china clay mine workers.

The investigation was carried out on male workers from different china clay mines in the Birbhum district, West
Bengal. The cardiovascular stress was evaluated by noting pulse rate of the subjects both during rest and during perfor-
mance of different types of mine tasks. The cardiovascular stress index (CSI) was evaluated in different mine task. The
work rest cycle of different china clay mine tasks was analyzed by video-photographic method. Different pulmonary func-
tion parameters, viz, FVC, FEV1, FER and PEF were measured by a digital spirometer to assess the severity of Chronic
Obstructive Pulmonary Disease (COPD).

The results showed that the working pulse rate and CSI vary with different mine task. It was highest in subjects
carrying china clay by head mode. The magnitude of CSI was found to vary with the change of work time and the rest
time among the workers. Pulmonary function parameters of china clay mine workers were significantly lower (P<0.01)
than other industrial workers. About 79% of total population was suffering from different grades of COPD. Among them,
12% were suffering from severe COPD and 60% from moderate COPD. The higher prevalence of COPD among china
clay mine workers might be due to exposure of china clay dust in the work place.

It was concluded that the china clay mine workers were suffering from high degree of physiological stress while
performing different mine tasks.
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Introduction design, functional work capacity, worker fatigue, shift cycles,

chronic occupational and other diseases, and nutrition have

Historically, mining has been viewed as an inherently  emerged as some of the important factors affecting the health

high-risk industry. Previous research findings as well as the  anq safety of miners.

changing demography in the mining industry have highlighted the

. . Literature survey revealed that there are several risk factors
need for a comprehensive study programme to be implemented

. S . . significantly associated with cardiovascular stress. The most
in the mining industry. The issues of anthropometry, workstation
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. ) . physical effort [3]. Besides, it has also been reported that
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increases in the daily incidence of cardiovascular mortality and
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morbidity are associated with increase in daily levels of

particulate matter in air [4] and work stress [5].

Epidemiological study carried out by several groups of

investigators revealed that continuously exposed to dust,
whatever it may be coal dust, wood dust, tea dust, agricultural
dust, brick dust, [6-11] causes decline in lung function volumes

[12,13], non-allergic obstructive respiratory tract diseases [14].

Kaolin is a natural component, popularly termed as china
clay. Internationally it has been mined and traded, where India
also produces large quantities of kaolin. In India, kaolin is found
in different states like, West Bengal, Rajasthan, Kerala,
Tamilnadu, Orissa etc. and in West Bengal, Birbhum, Bankura,

and Purulia districts are the good reserve sources.

In India, study on occupational cardio-pulmonary stresses in
miners are scanty. No studies have been found upon the
workers of china clay mine. Very few studies are sporadic on

coal miners [15-17] and other occupations [18].

In the present study, an attempt has been made to evaluate the
cardiopulmonary stress of the china clay (Kaolin) mine workers.

Methods

Site and subject: The study was carried out in different China
Clay mines of Birbhum district in West Bengal state (India). All
mines are manually operated open cast mine having depths of
90-100 feet. The study was conducted on only male workers
(25-35yrs, selected at random). All of them volunteered for the
study. The study was approved by the institutional human ethical

committee.

Task Performed: The workers of the china clay mine have to
perform four types of mine tasks, viz., soil cutting with crowbar,
soil cutting with pickaxe, basket loading, lifting and carrying of
loaded basket on head. Hence there are four types of workers
group- a) crowbar operators, cutting china clay using crowbar, b)
pickaxe operators, breaking large lump of china clay into medium
size suitable for loading to basket c) spade operators, perform
basket loading using spade and lifting, d) head carriers, carry

loaded basket from loading point to disposal point.

Evaluation of Cardiovascular Stress: Cardiovascular stress of
the china clay mine workers was evaluated by determining
Cardiovascular Stress Index (CSl) using the following formula
[19].

100 {Heart rate during work — Heart rate during rest)

Ccsl

Heart rate maximum — Heart rate at rest

Where, Heart rate maximum = 220 — Age (years)

28

The resting pulse rate (PR) was measured by 30 beats time
recording method before joining the work and working PR was
measured by 10 beats time recording method using an
electronic stopwatch. The working pulse rate was measured in
different hours of the work shift. From the measured working PR,
work pulse were determined.

Evaluation of Pulmonary Stress: Lung function test of the
china clay mine workers was performed by a digital spirometer
(Micro Medical Ltd., England) which measures 4 parameters on
single application. The parameters are Forced Vital Capacity
(FVC), Forced Expired Volume-1st (FEV1), Forced Expiratory
Ratio (FER) (PEF).
measurement, the subjects were properly instructed and run

and Peak Expiratory Flow Before
through a rehearsal for better effort. Three trials for each subject
were given and the highest value was recorded.

To assess the severity of COPD, lung function test value was
predicted from the standard prediction equation of normal male
subjects [20]. The following equation was used for predicting
FEV1.

Predicted FEV1= -0.028xA+0.047xH-3.737, A-Age in years,
H-Height in Centimeters.

The criteria followed for categorization of the severity of COPD
were based upon the GOLD spirometric criteria for COPD
severity [21].

Work rest Cycle: The total duration of work was divided into
work period and rest period. Each of the china clay mine tasks
was recorded by video photography and it was transferred to the
computer by means of suitable software. The tasks were studied
on the computer screen and time for work and rest periods was
taken by the clock of the computer. The percentage of work
period and rest periods was computed with respect to the total
duration of work shift.

Results

Study of pulse rate renders best way to evaluate the
cardiovascular stress of the workers. In the present study pulse
rates (PR) of the mine workers engaged in different mine tasks
have been presented in fig 1. The result showed that the PR was
increased with the onset of work in different mine tasks. The
result also revealed that there was no significant difference in
working pulse rate among different groups of mine workers.
Thus it indicated that physiological stresses in different mine
tasks was not different. However, the working pulse rate was

found to increase significantly (P<0.001) from that of resting
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condition. So, the physiological stress was raised with the onset

and progress of work of the china clay mine workers.

Figure 1. Pulse Rate (Resting and Working) of different China clay
mine task groups. (P<0.001, t-test performed in mean working and
peak working wrt resting)
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Results of work pulse of the workers engaged in four different
mine tasks are presented in table 1 and revealed that it was little
lower in crowbar operators and pickaxe operators than that in
head carriers and spade operators. The work pulse of different
groups of mine workers showed gradual increase of work pulse
with the advancement of working hours (figure 2) and continued
up to the end of 4th working hour. At 6th hour of work, after a
food break of 1 hour, it was decreased.

Table | Comparison of Work pulse (b/min) and percentage of work

time between different groups of worker in China clay mine

Work Pulse Percentage of
Workers Group work time (%) in
(Meanz SD) (b/min) a work shift

29.11 71.31
Crowbar Operator (N=21)

+8.59 +1.89

27.68 71.29
Pickaxe Operator (N=24)

+9.66 +2.77

31.13 79.72
Spade Operator (N=30)

+10.40 +2.95

31.86 77.96

Head Carrier (N=91)
+8.21 +0.86

The cardiovascular stress index (CSI) of the workers for different
mine tasks has been shown in table 2. It was noted that the china
clay mine workers were suffering from cardiovascular stress with
respect to other industrial workers (table 3). However, there was
no significant difference of CSI among different categories of
workers. The duration of activity might be related to the
cardiovascular stress [22]. The work rest cycle of different
categories of china clay mine workers have been analyzed and
compared to the CSI (table 2). It was observed that greater the
work period, greater was the value of CSI. For example, the
highest percentage of work period was noted in case of head
carrying and the greatest value of CS| was also noted in the
same group of workers. However, in case of pickaxe operation,

both the values of work time (% of total work shift time) and CSI
were the lowest. On the other hand, the rest period was
inversely related to the CSI (table 2). The lowest rest period was
observed in case of head carrying where the CSI was the
highest.

Figure 2. Work pulse of China clay mine workers in different work-
ing hours.
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Data of lung function test (LFT) from the workers in an industry
may be helpful to provide essential guidelines for following up
the health status of worker, particularly who are exposed to dust
at work place. The lung function parameters of china clay mine
workers were studied and the results have been presented in
table 4. The results showed that the average FVC was 2.25 +
0.44 liters which was lower than the Indian normal value (3.5 to
4.5 liters) [23]. About 75% of air is expelled in 1st sec of meas-
urement of VC, termed as FEV1. Accordingly the normal value
of FEV1 would be 2.25 — 2.60 liters. The present study showed
that FEV1 in china clay mine workers was 2.00 = 0.40 liters,
which was found to be lower than normal value. FER is the
FEV1 percentage of FVC. As both FVC and FEV1 were low,
accordingly FER was also low. Thus the present study indicated
that the china clay mine workers had low FVC, FEV1 and FER

values.

Table 1l
periods of total work shift in different china clay mine tasks.

Job Actual Work Rest Period
Category Period (%) (%)

Mean + SD of CSI and percentages of work and rest

Spade operation 26.31 79.72 20.28
+.43 +295 +295
Pickaxe operation 24.21 71.29 28.71
N=20 +8.90 +2.77 +2.77

Head Carry 26.73 77.96 22.04
+7.78 +0.86 +2.17
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PEF is the best single measure for the assessment of
pulmonary health status of the human subject. The results of
PEF of the china clay mine workers have been presented in
table 4.

The lung function parameters of the china clay mine workers
were compared with the workers engaged in other industrial as
well as non-industrial job (table 5 and 6). Milanowski et al [24]
studied lung function parameters among woodworkers engaged
in sawmill and furniture factory at Lublin, Poland and they
observed that the values of FVC, FEV1 and FER were
significantly lower than that of office workers, who were taken as
control with no exposure of dust. When those lung function
parameters were compared with the present study it was noted
that the china clay mine workers had significantly lower values
than that of woodworkers as well as office workers (P<0.01 or
higher).
workers were significantly lower (P<0.001) than that of stone

Statistical analysis showed that PEF value of mine

grinder and jute mill worker (table 6).

Table Ill Comparison of CSI (Mean + SD) between present work and
other works

China Clay mine

workers Steel

Car assembly workers
[32]

Workers [33]

Present stud

26.20 + 8.35 25.0 £ 14.0 20.0+7.0

Table IV Mean, SD and Range of Lung Function Parameters of
China clay mine workers (n=185).

Mean
Parameters Range
+SD
2.58
FVC (lit) 1.4-3.76
+0.44
2.00
FEV; (lit) 1.37 -3.22
+0.40
77.59
FER 66 — 100
+7.89
302.09
PEF (lit/min) 280 — 328
+9.28

The severity of COPD of the male china clay mine workers was
assessed and the results have been presented in Fig 3. Results
showed that about 79% of total populations were suffering from
different grades of severity of COPD. Among them, 12% were
suffering from severe COPD and 60% from moderate COPD.

Table V Comparison of Lung Function parameters (Mean + SD) of

China clay mine workers with other workers

China clay .
Parameters  mine workers WE’2°4°]‘ 2’;‘::';‘;"5 ey xgz‘;‘;rs [24]
(n=185) = =
FVC (lit) 2.58 +0.44 3.89 + 0.64* 4.99 + 0.57*
FEV; (lit) 2.00 +0.40 3.45 + 0.54* 4.07 £0.51*
FER
77.59 +7.89 87.5+9.50" 81.6 +10.4**

Table VI Comparison of Mean, SD and Range of PEF value (lit./ min)
of China clay mine workers with other workers.

Mean
E Type S (In/mln) n

Stone Grinders [25] (n=28) 363.1* 67.67 230.0 — 480.0

! Jute mill workers [25] (n=25) 420.4* 48.36 320.0 — 490.0

Discussion

China clay mine workers

(n=185) 802.90

9.28 280 — 328

Numerous epidemiological studies have reported that increases
in the daily incidence of cardiovascular mortality and morbidity
are associated with increase in daily levels of work stress [5].
Evidences also suggested that high job strain or occupational
stress is associated with work related cardiovascular diseases
[26]. In the present study, the increased pulse rate during work
as a result of cardiovascular responses might be due to physical
[27] and also due to work related stress [28]. The higher work
pulse in case of head carriers and spade operators might be
due to the greater workload in a work shift than that of other
groups of workers. It is evident that longer duration of work
exceeds cardiac strain limit which may increase the cardiac cost
[29]. In the present study it was revealed that workers engaged
in head carrying and spade operation performed a longer
duration of work compared to other tasks. The worker of these
two groups required constant rigorous motion, which acted as
sympathetic modulator, might be the cause of higher work pulse
values [30]. Variation of work pulse with the advancement of
working shift might be due to increase in physical and
physiological stress. Both these are related with level of fatigue,
aerobic strain and physical workload [31]. At 6th hour of work,
after a food break of 1 hour, it was decreased.

30
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Figure 3. Prevalence of COPD of China clay mine workers.
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Such decrease in work pulse might be due to non-handling of
loads during rest. During the break there was recovery from the
work causing less cardiac strain as well as reduced cardiac
cost.

From the comparative study of CSI of china clay mine workers
with that of other industrial workers, it was noted that the stress
was much higher in mine workers than that of the car assembly
workers [32] and little higher than steelworkers [33]. Such
variation of the CSI among different group of industrial workers
might be due to difference in the degree of severity of job,
environmental conditions and also duration of activity [22]. The
china clay mine workers had to work under the direct sun. The
environmental heat load might be one of the reasons for
increased cardiovascular stress. There are several strong
evidences regarding consistence of higher cardiovascular stress
among underground hot workplace coal miners of German [34]
and India [15].

PEF is another reliable parameter for the assessment of
pulmonary health status of the human subject. More dust
polluted area indicate increased amount of inhaled particulate
load. There is an inverse relationship between lung function
parameters and amount of increased concentration of inhaled
particulate load [35].

China clay (Kaolin) is a soft white dust particle containing
silicate, mica, and aluminium oxide [36]. Studies suggested that
mica dust can cause pneumoconiosis [37], characterized by
nodular and reticular infiltrates especially in the lower lung fields.
Silicosis is another occupational pulmonary disease caused by
silica exposure. In an investigation by Sakar et al. [38] showed
that FEV1 and FVC were lower in the “silica” group than that of
control group. In the present investigation, the lower values of
these lung function parameters of the workers might be due to
working in a highly dust polluted area. The low PEF among the
china clay mine workers might be due to heavy particulate load

in mine area. Dust exposure, duration of exposure and presence
of morbid conditions were significantly associated with reduction
of PEF [39]. Reduced PEF may also be due to narrowing of small
airways in the lungs due to deposition of suspended particulate
matters [40].

Chronic obstructive pulmonary disease (COPD) is a disease
state characterized by airflow limitation that is not fully reversible.
The airflow limitation is usually both progressive and associated
with an abnormal inflammatory response of the lungs to noxious
particles or gases. Higher prevalence of COPD among china clay
mine workers might be due to exposure of china clay dust for a
long duration in the work place. A review made by Standring et al
[41] on china clay reported that UK china clay workers were
identified, who lead to a loss in FEV1 suggesting an increased
risk of COPD.

In the present study, amount of dust or suspended particulate
matters and their compositions were not measured. So it is
difficult to explain the agent(s) which exactly caused lowering of
pulmonary function parameters and higher prevalence of COPD.
But it seems that china clay mine workers were badly affected in
their work place. In some cases, symptoms were with developing
shortness of breath (in case of moderate COPD) and in other,
the condition becomes worse (severe COPD). Donoghue [42]
reported that the risks are being controlled by dust suppression,
ventilation and respiratory protection. As the china clay mines in
the present investigation was an open cast mine, there was
natural ventilation. But neither action was taken for dust
suppression, nor do the workers have the habit of using
respiratory protective devices. Usage of masks should be
mandatory for these mine workers. This might improve the
pulmonary volumes and capacities and also reduce the severity

of COPD.

Conclusion

The china clay mine workers were exposed to high extent of car-
diopulmonary stresses. This stress might be related to the job
pattern and environmental condition of work place. Modification
of work rest cycle and ergonomic intervention to work place de-
sign and workers habit might be helpful for reducing the physio-
logical stress.
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