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Deterioration of pulmonary function in stone quarry workers.
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Abstract

Quarry workers who are involved in stone cutting fem an unorganized sector.The workers
are exposed to silica dust of different concentratn and particulate size. Irrespective of the
particulate size of silica to which the worker is gposed, the end result is deterioration of
pulmonary function. The objectives of this study wee to study the deterioration of pulmo-
nary function in quarry workers and its relation with duration of their exposure. This study
was conducted in Andhra Pradesh, India, on 75 malguarry workers and 75 healthy age,
gender, height, weight matched controls. The pulmary function tests were performed in
qguarry workers and controls, Pulmonary functions wee assessed by using computerized spi-
rometer (Spirowin 2.0). Results were compared by yraired student’s ‘t’ test, and correlation
between duration of work and % difference in pulmorary function was done using Pearson
correlation co efficient.The results showed a sigficant reduction in mean values of FVC,
FEV1, FVC/IFEV1 %, PEF, and FEF25-75% between quarryworkers and their matched
controls. Further, the % reduction of pulmonary function values were positively correlated
with duration of their work.On comparing pulmonary functions between quarry workers
and controls, it was concluded that the exposure tdust containing silica in quarry workers
leadsto deterioration of pulmonary function and itis correlated with the duration of the ex-
posure. We recommend that protection to the workersnay be provided in the form of wet
working, suitable ventilation ,and information about preventive measures .
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Introduction In India, quarry workers live below poverty linejtlout
much education, in poor housing environments art-wi
Occupational exposure to dust is a well-known phe®o out proper medical attention. It was shown thatsigsn-
non, especially in developing countries. Althoughirses  erated from quarries contain 71% silica (4,5). ®heu-
of air pollutants include power plants, cementdées, pationally related lung diseases are most likely ttuthe
refineries and petrochemical industries, the emmssif  deposition of dust in the lung and are influencgdte
particulates is quite high from quarries [1]. Theva- type of dusts, the period of exposure, the conatatr
lence of occupational health hazards and mortdlég and the size of the airborne dust in the breathoree (6).
been reported to be unusually high among variouk-wo In India, particularly in Nellore, where this stullgis been
ers in India. Occupational lung disease tops teedf  conducted, quarrying products are increasinglyeimand
major occupational illnesses. Developed countr@et for industrial growth, domestic, agricultural andher
more precautions with respect to health of wakdsut  purposes. Stone quarrying represents an unorgaséed
in developing countries like India, where mma@yo of  tor of industry. The quarrying industries in Nedoem-
workers are without proper protection and thiseasis ploy more than 5000 workers. Since no specific ggof
quite neglected [2]. There is a widespread misqatime  sional training is required and there is high levklun-
that occupational health is mainly concerned wittius-  employment, many laborers work in quarrying insuife
tries and industrialized countries. But in a courike  the associated health hazards. To the best of monwk
India, millions of people are engaged in labor létene ledge, the health implications of continuous expeso
grinding, Quarry workers, weaving, etc [3]. stone dust have not been studied among quarry veoitke
Nellore, Andhra Pradesh.
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Table 1. General characteristics of Quarry Workers (QW) and Controls (CO).

Sl. No Parameter Mean +SD
QW (n=75) CO (n=75)
1 Age (years) 33.93 4.65 32.81 .45
2 Height (cms) 164.89 4.21 165.83 8.71
3 Weight (kg) 59.95 4.19 58.40 +7.93
4 Duration (years) 54.93 NA
5 Mode of employment in quarry
Full time
Part time 63 NA
12 NA
6 Education Level
None 1 3
Primary 49 50
Secondary 26 22

relaxed prior to testing. Tight clothing and wdistt were
Considering the fact that quarry industry has bexome loosened. Subjects were asked to inspire as mupbsss
of the major employers of labor for many people,cor- ible and hold the sterile mouth piece in the mauth the
ducted this study to explore the effect of quamamgtdon lips forming a tight seal around the mouth piecd ar-
pulmonary function among quarry workers of stonepire rapidly and forcefully through the mouth pieédter
crushing industrial sites in Nellore. We also trieddoc-  preliminary trials, the test was performed threees and
ument the availability of health care facilitiesdasafety the best recording was taken. The readings for eébrc
measures at the site for minimizing occupationallthe vital capacity (FVC), Forced expiratory volunie the

hazards associated with stone quarrying. first second (FEV1), Forced expiratory volumeceat
(FEV1 /FVC%), Peak expiratory flow (PEF), Forced e
Material and Methods piratory flow 25-75% (FEF25-75%) were noted. Age

matched normal individuals were taken as controls.

This cross-sectional study was conducted in stonshe

ing site located on the outskirts of Nellore, Aralitra- ~Statistical analysis

desh, India. Male workers aged 18 to 40 years wam h The results were presented as Mean + SD and pegeent
worked at the site for two year or more, were idefiin  difference.

the study. Workers with clinical abnormalities afrie-

bral column and thoracic cage, anemia, diabetelitusgl Unpairedt’ test for comparison between quarry veosk
hypertension, pulmonary tuberculosis, bronchiahmst, —and controls, Pearson’s correlation coefficient éom-
chronic bronchitis, emphysema and other respiradisy ~ parison between percentage difference in pulmofusig-
eases and subjects who had undergone abdominiaésir ¢ tion test values and the duration of exposure weegl. P-
surgery were excluded from the study. The quarrkwo v_alue of 0.05 or less was considered for statistigmi-

ers organized themselves in clusters within thenesto ficance.

crushing industrial site. Five clusters were ranijose-

lected from 10 clusters that made up the site usimple Results

random sampling method. In each of the selectestais,

every member was fully interviewed/investigated.- Ap The baseline characteristics in controls and quaosk-
proval of the protocol for this study was obtairfeain  ers were comparable with regard to age, heightghtei
the Institute Ethics Committee of Narayana MedfCal-  (Table.1).Comparison of lung function parameters in
lege, Nellore. Written informed consent was obtdine quarry workers and their matched controls @ghin
from all the participants. A total of 75 quarry \Wers

were included in the study. In every subject heiglten-  Table.2. All pulmonary function parameters wereneo
timeters and weight in kilograms were measuredtaed pared in terms of both mean values of FVC, FEV1, in
instrument automatically calculated body surfaseaan FEV1/ FVC%, PEFand FEF 25-75% between cases and
square meters. Pulmonary functions were assessed &yntrols. The mean duration of exposure to dustiae-
computerized spirometer (Spirowin Version 2.0 oh&e pers was 5.0 + 1.93 years (Range 2-10 years).They
sis Medical systems pvt. Ltd) which gives ERS-98-p showed a significant reduction in mean values oCFV
dicted values at BTPS conditions. The test@dace FEV1,FEV1/ FVC%, PEFR, and FEF25-75% in quarry
was explained to the subjects and a demonstrafitiheo workers when compared with matched controls( Figs.1
test procedure was given. The subjects were alldwsd  5),

quietly for 10 minutes to become mentally and ptaiby
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Table 2. Comparison of pulmonary function tests between cases and controls.

SI. No  Parameter Mean +SD p value % difference Correlation with dura-
ow co tion of work in quarry
(r)
1 FVC (L) 2.29+0.33 2.95+0.29 <0.001 22.12 0.41
2 FEV1 (L) 1.42+0.33 2.42+0.41 <0.001 39.71 0.49
3 FEV1/FVC (%) 62.49+13.19 82.26+12.05 <0.001 14.02 0.20
4 PEF (L/s) 5.47+1.19 6.30+0.70 <0.001 12.16 0.18
5 FEF 25-75 (L/s) 2.66 + 0.57 3.18+0.56 <0.001 022. 0.32
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Figure 1. Correlation between duration of work in quarry and FVC % difference. (r=0.41)
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Figure 2. Correlation between duration of work in quarry and FEV1 % difference. (r=0.49)
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Figure 3. Correlation between duration of work in quarry and FEV1/ FVC % difference. (r=0.20)
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Figure4. Correlation between duration of work in quarry and PEF % difference. (r=0.18)
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Figure 5. Correlation between duration of work in quarry and % difference of FEF 25-75%.
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=0.32)
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Deterioration of pulmonary function in stone quarry worker

Discussion

In modern years, there has been growing awarendhs i

air flow. Such areas include nasopharynx, trached a
bronchi up to the first 10-12 airway generation.niore
distal areas, smaller silica particles (0.2-2 pepasit on

developing countries on occupational health hazardghe surface by sedimentation. Silica particles s

Usually, the workers work without adequate precansi
To the best of our knowledge, very few studies been
carried out in this region on the effect of stonmnmgying
work and its duration on pulmonary function heath-
tus. In this study, there was no statistical sigaift dif-

ference between cases and controls with regardyéo a

height, weight and other confounding factors whatflect
the pulmonary function. FVC is the total volume af
that is exhaled during a forced exhalation (7)islte-
duced in conditions in which there is obstructionttie
airways resulting in trapping of air. FE6 the volume of
air that is exhaled in the first second during Fw@-
neuver. It is useful to detect generalized airwhgtiuc-

tion.FEV,/FVC% is the volume of air expired in the first

second expressed as percentage of FVC. It is a seore
sitive indicator of airway obstruction than FVC EEV;
alone. It is reduced in central as well as perighairway

obstructionPEF is the maximum velocity in liters with

which air is forced out of the lungs. PEF is inflged to a
greater extent by narrowing of large airways. Itdis

creased in airway obstruction. FE% is the average

flow rate during middle 50% of FVC. It indicatestha-
tency of the small airways (8). In our study, weelved

0.2um can contact epithelium as they diffuse inatlveo-
lar gas in the terminal respiratory units (7). Teposited
silica dust causes irritation of respiratory mucasd hy-
per secretion of mucus in the large airways, assedi
with hypertrophy of the sub mucosal glands in thetiea
and bronchi. Proteases released from neutropliiteist
late this mucus hyper secretion. There is also Eeda
increase in goblet cells of small airways leadimg@xces-
sive mucus production and changes in its chemigail-c
position (7, 11). The associated changes in theosity
and elasticity of the mucus affect the subsequisdrc
ance of mucus and leads to the formation of mubugsp
in the airway lumen (7). This causes obstructioth&oair
flow leading to decrease in the FVC, FEVEV/FVC%,
PEF and FEfs /5eSilica particles between 0.5 - 3 um
sizes on reaching the alveoli are engulfed by n@Gag-
es, which subsequently undergo necrosis. New macro-
phages engulf the debris and thus a repetitiveecytl
phagocytosis and necrosis is set up (10, 11).Sdina-s
laden macrophages are carried to the respiratanychi-
oles, alveoli and interstitial tissue. Some of $iliea dust
is transported to the sub pleural and interlobarpligatics
and into the regional lymph nodes. The cellularregg

significant decrease in the mean values of FVC, EEV 9ates containing silica become associated with honp
FEV1 /FVC ratio, PEFR, FEF25-75% and positive corre CYtes, plasma cells, mast cells and fibroblasty (10

lation of % difference of these parameters with doea-
tion of the work in stone quarry workers, as coradao

Crystalline silica, particularly quartz and crisidite, is

the controls. The parameters, FVC, FEV1 and FEV1fuch more fibrogenic than amorphous silica, indat
FVC provide the best method of detecting the prese that physical form and surface properties play soohe

and severity of airway obstruction or resivic, as
well as the overall respiratory impairmenta dur

in the pathogenesis of silicosis (12). Silica igobyxic
and kills the macrophages which engulf it (10). The

study, FEV1 and FEV1/FVC ratio were also decreasedé@sed silica dust activates viable macrophages, the
and it was more towards obstructive pulmonary impai Secretion of macrophage-derived growth factors sagh

ment. PEFR values which are especially valuabléhén
diagnosis of obstruction were also reduced in dwdys
FEF25-75%, the more sensitive indicator of smaivay
obstruction was also found to be reduced. All theva
findings suggested the obstructive lung functiomaim
ments in stone quarry workers.

Workers involved in stone cutting are exposed licasi

dust of different concentration and particulate esiz

(9).Silicosis appears after prolonged exposure ilicas
dust. Besides, it depends upon a number of ottutora
such as total dose, duration of exposure, the ayzdica
inhaled and individual host factors (10). In gehesiica
particles that are 2-10 micrometers size impaqgicats

where the air stream changes direction(airway tatur

tions) into the surface, because their inertia @név them
from changing directions rapidly (inertial impactjo

This phenomenon usually occurs in areas with tettul

Biomed Res- India 2014 Volume 24 Issue 2

IL-1, which favor fibroblast proliferation and catien
synthesis. The intensity of the fibrosis may be up-
regulated through the intervention of lymphocytés.
helper cells activated by IL-1, release IL-2, whisha
potent signal for proliferation of T cells. Thusethym-
phocyte population is expanded. Their productiomaf
crophage migration inhibition factor, monocyte clo¢ac-
tins, and gamma interferon would could and activase
crophages at the local site and the amount of biast
growth factors. In this manner the collagenoustieadn
silicosis is mediated by immunocompetent cells.(12)

The maximum expiratory flow is much greater when
lungs are filled with a large volume of air thanemhthey
are almost empty. In silicosis, because of fibréissue,
the lung cannot expand to a normal maximum volume,
even with greatest possible expiratory effort; reximal
expiratory flow therefore cannot rise to that of tiormal
curve (14).Results obtained in a study conducteB\6@,
FEV:, PEF by S.E Urom et al (13) are similar to our
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study.Another study, conducted by V.B Ghotkar ef9al 11. Suresh K S, Chowdhary G R, Gopal P. Assessment of

on FEW/FVC%, PEF and FEk.7sin quarry workers impact of high particulate concentration on peagiE
correlate to the results of our study. In our giutle cor- ratory flow rate of lungs of sand stone quarry vewsk
relation graphs reflect a relation between the tihmeof Int J Environ Res public Health 2006; 3(4): 35593
exposure to silica dust on FVC, FE\FEV,/FVC%, PEF  12. Vinay K, Abdul K A, Nelson F, Jon A. Robbins and
and FERs.s% The correlation graphs show positive corre-  Cotran, Pathologic basis of diseasted. Elsevier,

lation between duration of exposure and deteridrate Philadelphia; 2006: 722.
pulmonary function. 13. Urom SE, Antai AB, Osim EE. Symptoms and lung

function values in Nigerian men and women exposed

) to dust generated from crushing of granite rocks in

Conclusion Calbar, Nigeria. Nigerian J Physiological Sciences
2004; 19(1):41-47.

It may be said that, exposure to dust containitigasin ~ 14. Arthur C G, John E H. Text book of medical physiolo

stone quarry workers leads to deterioration of ulary gy, 10" ed, Elsevier, Philadelphia. 2001: 485.

function and it is correlated with the durationtioé expo-

sure. Protection of the workers may be providedvey Correspondence to:

working, suitable ventilation, screening of empleyde-

fore hiring, providing them with suitable masks aadety *CH Kiran Kumar,

glasses. Workers should have information aboutttheal Department of Physiology

risks, suitable working conditions, personal hygieand ~ Narayana Medical College
preventive measures. They should undergo frequedt m  Nellore, Andhra Pradesh, India
ical examination .They should receive balancedsarifi- E mail: dr.chkirank@gmail.com

cient nutrition, exercise, adequate sleep.
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