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ABSTRACT The relatonships of cardiorespiratory functions, physical fitness and body measurements with
durson af stone dust exposure has been investigated in Malis working m slone guarties of Alwar district
af Rapsthan. The exposed group compmsed 125 sdull males and 125 adull females working actively m
different stome quarries in Alwar district, For the control group samples wers dmwn from pastoral Malis,
totalling 250 individuals {125 adult males and 125 adobt femabes). The results of the study delineate that
cardiorespiralory functions, physical fitness and some of the body measurements are affected by stone duost
exposune. Prncipal component and discriminant analysis reveal that cardio-respimatory functions and physical
f1mess are cracial varisbles in sepamating the control from the exposed.

INTRODUCTION

Safety, comfort and efficiency are the three
crucial factors in any industrial set-up. One
of the important aims of occopational health
is to provide a safe occupational environment
i safeguard the health of the workers,
Cecupational exposure to dust reduces lung
functions and increases respiratory disorders
(Kilburn et al_, 1985; Amandus and Piacitelli,
1987, Amandus et al., 1989; Zohu et al., 1989).
Duzl control measures and regular medical
examination are still almost invariably absent
in remotely situated stone guarries in India.
Ome of the numerous difficullies that prevent
early intervention is the lack of proper data
on stone quarry workers. Thus the present study
is designed with the aim w study relationship
of cardiorespiratiory functions, physical fitness
and body measurement with duration of stone
dust exposure in Malis working in stone quarr-
ies of Rajasthan,

MATERIAL AND METHODS

This study is a part of a larger investigation
conducted in Alwar district of Rajasthan. The
district falls in Thar desert and has a dry

climmﬁ. The perature in the area ranges
from 8" Cro45" C with a mean annual tempera-
ture around 26° C. Data were collected on
the endogamons group of Malis. The exposed
group comprised 125 adult males and 125 adult
females working actively in different stone
quarries in Alwar district. For the control group,
samples were drawn from pastoral Malis wall-
ing 250 individuals (125 adult males and 125
adult females). The two groups are similiar
in age, smoking habils and share common
cultural and environmental factors except those
created by their respective occupation,

The difference in mean age between control
{males 30.32 and females 34.46) and exposed
(males 30.62 and females 34.85) are non-
significant at 5% probability level (F values:
Males 10.18; Females 9.83)

In the present study, all the females were
non-smokers but some of the males were
smokers. The male subjects were divided into
three groups based on the smoking history.
i 1) Non-smoker : included those who had never
smoked any brand of tobacco regularly.. (2)
dmokers: included those who were currently
smoking regularly (3) Ex-smokers ; included
those who had formally smoked cigarettes
regularly but wer2 no longer smoking at the
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time of the est, The number of smokers and
non-smokers was similar n control and
cxposed group, i.e. 75 smokers and 50 non-
smokers, In both the control and exposed males,
none of the subjects was classed as ex-smoker,
For the analysis, three indices of cigarette
smoking were used. First, whether or not the
subject smoked, second, the number of
cigareites per day, and third, the product of
the average number of cigarettes smoked per
day and the duration of smoking (Cigareiie
YOCUrE)

A set of 16 anthropometric measurements,
viz. slature, sitting height, lower extremity
length, transverse chest diameter, antero-
posierior chest diameter, bicondylar humerns,
bicondylar femur, biacromial diameter, calf
circumfigrence, upper arm circomference, chest
circumference, weight, skinfolds at - triceps,
subscapula, suprailiac and calf were taken
following standard wechmgues (Tanner et al.,
1968}, Chest circumference in males was taken
at nipple level and in females at infra-mammae
lewvel.

Forced vital capacity (FVC), forced expira-
tory volume st second (FEV 1.0) and peak

expiratory flow rale (PEF) were measured in

sitling  position  with  Morgan’s  portable
spirometer  following  standard  techingue
{Consolazio et al., 1963; Cotes, 1975; Weiner
and Lourie, 1969). Subjects were asked to
cxhale air forcefully after a full maximum
inspiration. The best of three atlempts was
taken for further analysis.

Indirect ausculawory method was wsed for
taking blood pressure in sitting position. Pulse
rate and blood pressure were aken as per the
recommendation of International Biological
Program {Weiner and Lourie, 1969),

The meagsurement of right and left hands
rip strength were taken with a dynamometer
and recorded in kilograms (Weiner and Lourie,
196%). Subjects were encouraged w press the
maximum, keeping the active arm in hanging
position, close w the body but not woching
iL.
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Physical fitness was evaluated uwsing_the
famous Harward step est, described in detail
by Hockev (1973). The test is most suitable
for measuring cardiovascular endurance of
subjects under field conditions. The test is
based on the premise that for a given submaxi-
mal work, & person with higher physical fitness
will have a smaller increase in heart rate and
a faster recovery rate. Rapid fitness index was
calculated as under :

B = Dursiion of exercise {in seconds) = 100
SA«Pulsecount 1 1& ¥minafier cxercise

As the human body i% not made up of mutu-
ally exclusive parts, butis a complex integrated
system, Therefore, a multivariale approach was
considered proper. Multiple discriminami
analysis was done using SAS package
programme. This method transforms original
variables into a set of multivariate vectors
which are a linear combination of independent
variables. In this process of transformation
correlations between variables are taken into
consideration, and the ratio of among-group
variance io the toial variance 1s maximized
(Tatsnoka, 1971). Pattern of group difference
wag determined by calculating the generalized
distance (D*) after Mahalanobis. The results
of the univariate analysis have been discussed
and published already (Mahk and Swami,
19491},

RESULTS AND DISCUSSION

Population samples of Malis used in the
study were divided by sex and exposure, In
our earlier publications, it was observed that
the exposed groups, both males and females,
had significantly lower forced wvital capacity
(FW(C), forced expiratory volume 1 second
(FE¥ 1.0}, peak expiratory flow (FEF), bone
breadths, circumferences, skinfolds and phys-
ical fitness and significantly higher blood
pressure and pulse rate (Swami and Malik,
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1990; Malik and Swami, 1991). Care was taken
Lo select control population so that it resembled
with the exposed population in terms of ethnic
background, age, smoking habits and other
socipculiural concomitanis, except those which
were occupation specific. But during indepth
analysis, it was realised that it might not have
been possible to control all the confounding
factors. For example, there might have been
differences bepween (wo groups in amount and
component of notritional intake, as pastoral
Malis {control group) have easier access 1o
milk and itz prodects, which might be a crucial
supplement in diet in this group. As such it
was found appropriate to examing the
correlations in the exposed group between the
biological variables and the years of exposure,
%0 that the effect of exposure, if any, could
be revealed. The results of correlation analysis
are selout intable 1. All the biological variables
show negative correlations with duration of
exposure in males and females except blood
pressure, pulse rate showing positive correlea-
ton. Here it is imporiant io mention that only
the significant correlation values are relevant
(and the sign, either plus or minus, may be
due to chance Muctuation, if non-significant).
Importantly enough, the differences are
significant at 5% probability level, in respirato-
ry functions, cardiovascular measurements,
bicondylar femur, bicondylar humerus, skin-
Told atcall and RFI with the duration of expos-
wre in both males and females. The consistent
results of having significant association
between the aforementioned biological vari-
ables in both males and females further affirm
their relation. The analysis confirms that with
the increase in duration of exposure there is
a noticeable decrease in respiratory functions,
bone breadths and physical fitness and an
increase in blood pressure and pulse rate.
Outof 25 variables introduced for the step-
wise discriminant analysis, 14 were found
o have significant contribution 1o group
differentiation. In decreasing order of
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Table 1 : Correlation values between period of exposune
and morpho-physicloglcal variables

Bislogical Variahles Males  Females
Forced wital capscity -0.4T0EY 48100
Forced expirstory volame -0.3612% 4604

in one second
Peak expirsiory flow rate 02050 032460
Pulse rate 0.2013%  Quda0o
Syatolic blood pressure 0.2e0%*  D4906%
Ddagolic blood pressure 03060 (L4TE4*
Statare 00007 -0 00l
Sitting height 01247 00104
Lower extremiry bength 00608 1204
Tramsverse chest diameter N09Ts 1234
Amntero-posterior chest 00R03 L1479
dinmeter
Biocondylar humens D3e79r 4680
Bicondylar femur Q4298 04935
Biacromial dismeter L0714 154
Calf circamference 03130+ -D0EL
Upper anm circcumference 00236 V1258
Chest circumference {Mormal) 1219 L2262
Body weight 00213 1283
Triceps skinfold 00277 00084
Subgcapalar skinfold Qunsng 00819
Supruilisc skinfold AL11ER  -001TE
Skinfold at calf 01693 -0.0THE*
Right hand grp sirength S002EE 00294
Laft hand grip strengih Qo -0.0236
Rapid fitness index LA2EG* 05675

*Significant a1 5% probability lewel

Tahle 2 : Stepwise selection of variables comtributing
significantly in group discrimination

Biolegecal Variables Fovalue Dagree of
Jreedam
Forced expimtory volume A92.263 345960
13t Second
Transverse chest diameter B6.021 B0
Left hand grip strength 59,881 D202
Rapid fitness index 26.342 121304
Sysolic blood pressure 20795 15.135%
Foreed wital capacity 2131 18,1389
Chest circumference 20.552 21.1407
Call’ skinfald 15,858 14.141%
Pulse rate 10,623 IT.1425
Drasialic blood pressure QLD 30.1430
Bicondylar humerus 5176 33.1432
Peak expirstory flow rale 4,260 361433
Subscapular skinfold 4459 301434
Upper amm circumference 4250 42,1433
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Table 3: Distribution of subjects in various greups (Jackknifed®s Classification)

Ciraups FPer cent MNuamber of cases clatsified info groups
carrect Control Exposed Control Expazad
malex males Jemales Jermales
Control males §7.2 L9 10 f * o
Inposed males E58 10 111 4 [i]
Comirol females 918 1 3 L 5
Expised females Q1.6 1] 1] & 117
Tonal 06 120 124 134 122

discriminant valees the variables are forced
expiratory volume 1st second, ransverse chest
digmeter, left hand grip strength, rapid finess
index, systolic blood pressure, forced vital
capacity, chest circumference, skinfold at calf,
pulse rate, diastolic blood pressure, bicondylar
humerus, peak expicatory flow rate, subscapu-
lar skinfold and wpper arm circumference
(Table 2).

Approximately 90% of the subjects could
b classified im their correct group when Jack-
knifed classification was used (Table 3). This
clearly demonswates that though sex differ-
ences were marked, the effect of exposure was
of no less significance. However, it seems that
the exposure has larger effect in females than
in males, Higher percentage of subjecis
classified correctly delineates greater distinc-
tion of the groups. From the Jackknifed
classiflication the following point emerged.
Firstly, the variables inroduced had a large
classificatory power, when the data were
divided by exposure and sex; the exposure had
larger elffecton females than on males, secondly
there were clear cut differences in two sexes
and between control and exposad group, And
finally, the variables introduced had large
classilicatory power when the sample was
devided by exposure and sex,

Principal component analysis was used o
reduce the numbers of correlated variables into
i small number of uncorrealied components.
These component ane (o beconsiderad as a
new sel of data, Now the effect of exposurg
may be cxamined on the extracted components.

A wotal of six components were retained with
eigen value greater that 0.8 (Table 4). Topether,
these four principal components accounted
T74.30% of the total variance.

Table 4: Eigen values and percentage of variance
explained by different principal compononts

Principal Eiger values FPercentage of
camprndn variance explained

1 BGa26G 354

2 436528 175

3 219243 5.8

4 1.2654% 51

5 090075 16

B 084543 34

The first component explained 35.9% of
the total varaince and showed high loading
(higher than 0.4) for all the variables except
blood pressure, pulse rate and skinfolds. The
component appearcd to separate samples on
the basis of two criteria. The first was based
on the lung functions and the second one on
body measurements and grip strength. The lung
functions included forced vital capacity, forced
expiratory volume one second, peak expiratory
Mow rate and body measurements included
stature, sitting height, lower extremity lemgth,
weight, circomferences (upper arm, chest, and
calf), ransverse chest diamener, antero-poster-
i chest diameter, bicondylar humerus,
bicondylar femur, bizcromial diameter, hand
grip strengths of right and left hand and rapid
fitness index (Table 5).

The sccond component explained 17.5%
the total variance. This component had high
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Table 5: Principal component soroes
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Biological Variables I i it '

Staare [LEZEG -0.28062 019166 157492
Lef hand grip sanength 082133 -0.32688 DUDGE0G AOETES
Right hand grip siength 081760 050350 Q0638 AOZ133
Chest circumference (LE1127 0.05368 Q16218 15007
Sinng heigh NTes10 0. 19712 A.12449 LL117T89
Weigh 075233 (L3R5T0 030832 -0.13539
Transverse chest diameser 0745497 02888 D079 -0.25568
Foirced expiratory volome lst sscond 74538 0. 327040 31714 0354106
Antero-postenior chest diameter 068590 035804 010001 -0.181497
Lawer extremity length aT280 025486 01760 -2
Biocondylar femur (a0 037401 41110 0,07 T
Biacromial dismeser 066228 A.0154% (00T «0,15945
Peak expiratory flow rate 063211 3310 (L28729 035027
Bioeomdylar horméros 063117 029466 041123 000356
Calf corewmderence (56560 027789 (24542 0.05319
5kin fold al riceps 16762 - DB0013 11381 0.23155
Skin fiold #t subscapalar hOSsTE . Tadbe (10334 081045
Skin fold &t suprailac 001745 0. 7466 OTETZ 027750
Skin fold at call 0.25703 0.73641 018270 008813
Upper amm circamference 20150 (LSBT 0.08630 A1LO30M 4
Dissolic blocd pressure Q13935 134512 060148 024446
Systolic blood pressure 0. 12496 040897 0.5760% 0.34086
Kapad finess mdex 042458 0TI -0.45355 031334
Pulse mie -0L.0364T -0.27531 0.54317 DLIB109

loading for the group which was represented
by skinfolds and upper arm circumference.
Thus this component had a separation based
on the Tat component (Table 3). The third
component accounted for 8.8% of weal vari-
ance. This component had a high loading for
blood pressure, pulse rate and RFL This
component Tactor was represented by cardio-
respiratory  functions and physical finess
{Table 5). The fourth component possessed an

eigen value of 1.270 and explained 5% of the
total variance.

Mahalonobis D* matrix revealed that- the
control and exposed groups could be seperated
from each other (Table 6), The values of
Mahalanobis D* signalling the distance
between pairs of four groups wz, control and
exposed males and females, showed greater
distance in females than in males between
control and exposed.

Table 6 : Mahalanobis IF matrix based on anthropometric and cardiorespiratory functions in exposed and conirol

males and females

(iroups Conirol males Erpored males Control females Expored females
Control males — —_ - —
Exposed males 26426 B — _
Control females 4.3556 — — —
Eaposed females 6,9677 J618] 3.5550 -
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The walues of canonical correlations
revealed that the discrimination on the first
twir variates was highly significant. The first
canonical varigle explained B2% of the total
variability. Forced wvital capacity and forced
expiratory volume in one second were the
important discriminating variables on this axis.
The second canonical variate, in combination
with first canonical variate explained as high
as 98% of the total wariablity. In canonical
variate 11, bicondylar femuor and rapid finess
index were the important variables. This
showed that respiratory functions, bone breadth
and physical fitness were the principal vari-
ables cxplaining the variation in these four
groups. Contributions of other variables were
rather low in differentiating the groups.

Canonial variate I emerged as a better sex
discriminator whereas canonical variate 1T was
important in deciphering stona dust exposure
effect, The group centroids of the four groups

T
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are given in fig. 1. In females, both the canoni-
cal variates were equally important in separat-
ing the control group from the exposed group.

This indicated that respiratory functions,
physical fitness and bone mass were important
in discriminating the exposed females from
the control females. In males, differentiation
between exposed and control males was much
more explained by the canonical variate [T,
i.e. bicondylar femuor and rapid fitness index
and slightly less by canonical variate I,
represented by respiratory functions.

Sex difference was much lower in canonical
variate I in the control group than the exposed
group suggesting that the exposure increased
the existing sex differences in respiratory
functions. The sex difference in the control
and the exposed group were similar for canoni-
cal variate II indicating that the exposure did
not elevate sex differences in rapid fitness
index and bone breadths to that extent,

) Exposed males

Cananical variaie 11
1
L
]

& Control males

2
=1 Confrel Females
-3 L
el
-5 i I L L L |

1
B3 4-8 a5 21

1
—. 70

1
=70 24 3-5 4-5

Cononical wariaie |

Fig. 1. The distribution of group centrolds of control and expesed, males and Temales
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From the results and discussion it may be
concluded that exposure has effect on cardio-
respiratory functions, physical fitness and some
of the body measurements. Principal compon-
ent and discriminant analysis revealed that car-
dio-respiratory functions and physical fitness
contributed a lot in separating the control from
the exposed.

REFERENCES

Amandus, H.E. and Piacitelli, G.: Dust expomre of U5,
Surface coal miners im 1982-1983. Arch. Environ.
Fich., 43 374-381 (198T).

Amandus, H.E., Petersen, MR, and Richards, T.B.: Health
atutug of Anthracie surface coal miness. Arch. Envi-
ron. Hith., 44 T5-81 (1989

Consolazio, C.F, Johnson, BLE, and Pecora, L T.: The Plys-
ilogic Measurement of Metabolic Funcrion in Man.
Megraw Hill, Mew York {1963}

Cotes, LE.: Lung Furcrion: Astemént and Applicaiion in
Medicine. Blackwell Scientific Poblications, Oxford
(1978).

103

Kilbum, E.E., Washaw, E.H., Finstein, K. and Bemetein,
L.z Airway diseases in non-smoking ashestos workers,
Arch. Envirom. Filth,, 40: 243-295 (1985).

Huockew, BLV.: Physical Filaess @ The Patkway of Healthful
Living. C.V. Moshy, 51 Loms (1971), .
Malik, 5.L. and Swami, A.: Effect of slone dust on marpho-
physiclogical functions in Malis of Rajasthan.

Anmthrop, Kozl 33: 193-202 (1991).

Swami, A, and Malik, 5.1.: Impact of stone dust on phys-
iclogical fanctions and body size: Dace from Malis
of Rajasthan. J. Hum. Ecol,, J; 306309 (1990),

Tenner, 1M., Hiemaox, T and Jarman, 5. Growth and
phyvaigue snsdies, In: Human Biology @ A Guide To
Figld Merhods. 1.5 Welner and JA. Lourie (Eds)
Blackwell Scientific Poblications, Oxford {1965,

Tastsucks, M. : Muliivariate Analysis @ Technigues for
Educatioaa! and Prychelogical Rezearch. John Wiley,
New Yok (1971)

Wedner, 1.5, and Loure, JA: Human Bisdogy @ A Guide
Tor Figld Methods, Blackwell Scientiflic Publications,
Onlord (19690,

Thow, C., Lin, Z. . Ha, C. and Lo, 1. Respirstory symploms
and lung functions in jule processing workers: A prim-
ary investigation. Arch. Envieon. Mk, 49 370-374
(1989).





