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EFFECT OF STONE DUST
ON MORPHO-PHYSIOLOGICAL FUNCTIONS
IN MALIS OF RAJASTHAN
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Abstract: In order to study the impact of stone dust exposure on physiological functions, physical fitness,
body size and physique, data were collected from 250 adult (125 males and 125 females) Malis working in
stone quarries of Rajasthan. For comparison, 250 adult (125 males and 125 females) Malis dealing in dairy
products were taken. It both the sexes, the stone quarry workers have lower FVC, FEV| and PEFR than the
controls. The stone quarry workers are less fit, have lower grip strength, higher blood pressure and pulse rate
than the Pastoral Malis. Differences between the two groups are marginal in linear dimensions, but the stone
quarry workers are lighter, having smaller breadihs, circumferences and skinfolds than controls. The exposed
workers have lower mesomorphic and endomorphic components and higher ectomorphic component than the
controls.

It has been concluded that the dust particles of respirable fraction emitted during the process of grinding,
milling and blasting, can enter and get deposited in the respiratory tract and lungs and obstruct functioning of
airways. This results in lower lung functions producing adverse effects on cardiovascular system, physical
fitness, strength, and to some extent on body size and physique.

Key words: Body measurements; Somatotype; Morpho-physiological functions; Lung function; Physical
fitness; Malis of Rajasthan.

Introduction

Increasing attention is being paid in India to improve working conditions and
maintain regulations related to occupational health, but the efforts are still inadequate,
perhaps because of numerous difficultics. One of them is certainly the non-availability
of accurate data on occupational health and accidents. For example, dust control
measures and regular medical examinations are still almost invariably absent in stone
quarries, specially the small ones situated remotely. On the other hand, health hazards
related to dust exposure of various types of organic and inorganic dusts are well
documented (Amandus ct al. 1989, Balmes et al. 1990, Cotton ct al. 1983, Jorensen et al.
1981 Lee, 1989, Shah et al. 1983, Sharma and Singh 1990).

The present study aims to examine the effects of stone dust exposure on lung
functions, pulse rate, blood pressure, grip strength, physical fitness, body measurements
and somatotypes using data from stone quarry workers of Rajasthan (India).

Material and Methods

The study was conducted in Alwar district of Rajasthan (Fig. 7). The district has a dry
climate with hot summer, a cold winter and a short monsoon season. The temperature
ranges from 8 °C to 45 °C, with mean annual temperature around 26 °C. Data were
collected on the endogamous group of Malis. The exposed group comprised 125 adult
males and 125 adult females working actively in different stone quarries in Alwar
district. The control group consisted 125 adult males and 125 adult females. The
members of the control group trade in milk and its products. They are similar in age,
smoking habits and social habits, except those created by their respective work
environment.
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Fig. 1: Map of Alwar district showing area of study

Forced vital capacity (FVC), forced expiratory volume 1st second (FEV ) and peak
expiratory flow rate (PEER) were measured in sitting position with Morgan's portable
spirometer following standard technique (Consolazio et al. 1963, Cotes 1975, Weiner
and Lourie 1969). Best of three attempts were taken for further analysis.

Indirect ausculatory method was used for taking blood pressure in sitting position.
Pulse rate and blood pressure were taken as per the recommendation of International
Biological Program (Weiner and Lourie 1969).

Hand grip strength of right and left hands were taken with a dynamometer and
recorded in kilograms (Weiner and Lourie 1969). The subjects were encouraged to press
the maximum keeping the active arm in hanging position, close to the body but not
touching it.

Physical fitness was evaluated using the famous Harvard step test, described in detail
by Hockey (1973). This test is most suitable for measuring cardio-vascular endurance of
subjects under field conditions. The test' is based on the premise that, for a given
submaximal work, a person with higher physical fitness will have a smaller increase in
heart rate and a faster recovery rate. Rapid fitness index was calculated  using the
formula:
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Duration of exercise (in seconds) x 100

RFI =
5.5 x Pulse count from 1 to 1.1/2 min. after exercise

Body measurements were taken following standard techniques (Tanner et al. 1969).
Subjects were somatotyped from ten anthropometric measurements using Heath and
Carter's method (Carter 1975, Heath and Carter 1967). Somatotype dispersion distance
(SDD) and somatotype dispersion index were calculated using the formulac given by
Ross and Wilson (1973).

One way analysis of variance test was used for comparing the control and the exposed
groups for various biological variables.

Results and Discussion

Both exposed males and females have significantly lower FVC, FEV,, and PEFR
than control workers (Fig. 2). Mean values of pulse count and blood pressure are
significantly greater in exposed than in control groups (Fig. 3).

Right and Left hands grip strengths are significantly lower in the exposed female
workers than in the controls (Fig. 4). In males, though the trend is in the same direction,
the differences between the two groups is statistically not significant at 5% probability
level.

There are no marked differences between the control and the exposed groups in linear
body dimensions such as stature, sitting height, lower extremity length ctc., but the
exposed subjects are
significantly lighter, possess smaller breadths, circumferences and skinfolds than the
control group (Figs. 5, 6, 7, 8). The mean values of age in the exposed and the control
groups are similar in both males and females.

Figure 9 depicts that male stone quarry workers (1.60—1.59-3.54) have significantly
lower values in endomorphic and mesomorphic components and higher, but not
significantly, ectomorphic component than the controls (2.95-2.57-3.32). Similarly
female stone quarry workers (2.00-1.70-2.41) also have significantly lower
endomorphic and mesomorphic components and significantly higher ectomorphic
component than control females (2.47-3.13-2.00). The exposed females show lower
variation in physique, as evident from SDI, than the control females (Fig. 9), but the
control males and the exposed males do not differ significantly with respect to this trait.

The stone quarry workers, both males and females, are physically less fit as compared
to their respective controls (control females = 99.87; exposed females = 67.30 : Control
males = 113.49; exposed males = 87.82).

A lot of dust is produced during milling, blasting and grinding in stone quarries.
During these processes dust particles of respirable fractions are also produced. When
inhaled these particles of respirable fraction can get deposited in the gas exchanging
portions and in the conducting airways of the lungs. These depositions decrease the
velocity and amount of gas thus limiting the gas exchange (West 1974). Any airway
obstruction in the lungs result in lowered lung functions (Cotes 1978). Thus lowered
pulmonary test functions in the exposed Malis, both males and females, show
impairement of lungs due to stone dust exposure.
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Fig. 2: Impact of stone dust on lung functions: comparison of control and exposed workers
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Fig. 3: Impact of stone dust on pulse rate, blood pressure: comparison of control and exposed workers
(for key to the signs of bars used see Fig. 2)



kg
50 -

40 -

RIGHT HAND LEFT HAND
GRIP STRENGTH GRIP STRENGTH

Fig. 4: Impact of stone dust on lung functions: comparison of control and exposed workers
(for key to the signs of bars used see Fig. 2)
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Fig. 5: Impact of stone dust on anthropometric measurements: comparison of control and exposed workers
(for key to the signs of hars used see Fig. 2)
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Fig. 6: Impact of stone dust on circumferences: comparison of control and exposed workers
(for key to the signs of bars used see Fig. 2)
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Fig. 7: Impact of stone dust on skinfolds: comparison of control and exposed workers
(for key to the signs of bars used see Fig. 2)
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Fig. 8: Impact of stone dust on weight and age: comparison of control and exposed workers
(for key to the signs of bars used see Fig. 2)
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Fig. 9: Impact of stone dust on somatotype and Rapid Fitness Index:
comparison of control and exposed workers
(for key to the signs of bars used see Fig. 2)
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Pulmonary test functions indicate merely the presence of an underlying structural
change without describing the nature of structural change (Mauderly 1989). None the
less they provide information of the presence, type and extent of impairement, as they
are responsive indicators to an inhaled material (Silbaugh et al. 1981).

The stone dust contains substantial amount of silica and is thus capable of causing a
lung disorder called silicosis. The biologic effects of inhaled particles depend on their
retention at a specific time. Dust particle deposition is not uniform in all the airways. In
upper respiratory tract, enhanced deposition occurs in areas characterised by
constriction, directional changes and higher air velocities, e.g. larynx, esopharyngeal
bend and nasal passages (Shift 1981, Shift and Proctor 1988). In tracheobronchial region
increased depositions occur at upper trachea, lobar bronchi and bronchial bifurcations
(Schlesinger et al. 1982). In pulmonary region, bronchiolar and alveolar duct
bifurcations are also the site of preferential deposition for wide range of particles which
are small enough to reach these arcas (Broody and Roe 1983, Holma 1969). In these
sites of preferential depositions, the mechanism of clearance is also retarded (Hilding
1957). Thus in tracheobronchial and pulmonary regions there are greater chances of
particle depositions that can cause airways obstruction and lower the pulmonary test
functions. Such an airway obstruction is also the precursos to other pulmonary ailments.
It can thus be inferred that the lower pulmonary test functions are mainly due to high
level and long duration of dust exposure in Malis.

Earlier studies have reported that certain chemicals, such as lead, cadmium and oral
contraceptive steroids increase systematic arterial blood pressure and heart rate as an
acute event by a variety of mechanism (Billingham 1980, Merin 1981, Rubin and Rubin
1982, Steffy 1982, Van Stee 1982, Zakari and Aviado 1982). However not much work
has been done to study the effect of mineral dust or organic dust on cardiovascular
system. In present study the stone quarry workers have significantly higher pulse rate
and blood pressure. The cardiovascular stress, on one hand, and lowered pulmonary
functions on the other confirm the effect of dust on physiology of man.

Lowered pulmonary test functions and increased respiratory diseases and symptoms
in the exposed workers (Malik and Swami 1991) indicate reduction in oxygen diffusion
and oxygen supply to tissues in Malis. This restricted oxygen supply, in combination
with the loss of appetite and lower food intake, as compared to the pastoral Malis,
reduces energy liberation. This may be responsible for the reduced performance and a
decrease in mesomorphic and endomorphic components in stone quarry workers. Lower
body weight, skinfolds, breadths and circumferences in exposed Malis may also be a
consequence of this. Katch and McArdle (1981) had a similar observation that under
condition of lower food intake, fat deposition is low.

The physique of Malis having low endomorphy and high ectomorphy, in general,
seems to be advantageous for living in the desert climate of Rajasthan, special under
limited nutritional resources and heavy work load. Under hot conditions persons with
linear physique are able to dissipiate heat more effectively, and they also produce less
heat.
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In conclusion, stone dust exposure results in lower lung functions, produces adverse
effects on cardiovascular system, reduces physical fitness, strength, and decreases body
weight, fat, breadths, circumferences and endomorphic and mesomorphic components.

*
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