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Respiratory Function Tests in Rubber Factory Workers

ManisH GupTa, PRATIBHA GuPTA, SATISH K. BHARGAVA™

Departments of Physiology & Radiology* & University College of Medical Sciences & G.T. B. Hospital, Dilshad Garden, Delhi-110095, India

Abstract: Respiratory functionsof 607 workersfromrubber processing unit werestudiedinrel ationto occupational
exposureto various pollutants viz. suspended particul ate matter, polycyclic aromatic hydrocarboin compound
(PAH), sulphatesand nitrates. Theresults showed significant declinein lung functions proportionately with the
longer working duration and to theincreased pollutant concentration of thevari oussectionsof therubber factory.
Workersinthecompounding (mixing) unit weremost affected aspollutant concentration foundinthissectionwas
maximum; thiswas supported by the abnormal Xray findings.

Introduction

Thepresenceof suspended parti culatematter (SPM), polycyclicaromatic
hydrocarbon compounds(PAH) e.g. benzo(a) pyrene, benzo(e)pyrene,
benzo(a)anthracene, sulphates and nitrates in the rubber factory has
raised concernsabout therespiratory health of theworkers. Longterm
exposuresof workerstothesepollutantsintheir workplaceenvironment
not only derangelung functions, but may produceeffectsrangingfrom
chronicbronchitistocancer of lungs'3. Approximately 500 substances
areusedinthemanufactureof rubber* and most of theseare capabl e of
causing acuteandchronicrespiratory effects*’. Quiteafew studiesfrom
abroad do reveal the presence of benzo(a)pyrenein the air as agood
indicator of expsoureto PAH compound?. Exposureto noxiousagents
intherubber factory areassociated with the devel opment of acuteand
chronic respiratory impairment®. Some workers'®** demonstrated
significantly lower ventilator capacity testsand higher prevalence of
respiratory symptoms in rubber factory workers as compared to the
controls. Thepresent study wascarried outintherubber factory workers
toevauatetheeffect of particulatematter and PAH variouslungfunctions
e.g.forcedvital capacity (FV C: themaximumvolumeair expelled after
amaximum voluntary inspiration), the forced expiratory volumein 1
second (FEV ,: that part of the FVC expired in first second of forced
expiration), peak expiratory flow rate(PEFR), peak inspiratory flow rate
(PIFR) andforcedexpiratory flow 25-75% (FEF 25-75%). Radiographic
examination of their chest was also done.

Methods

Environment Sampling: Air sampling at thefactory wascarried outwith
afive-stageKimoto cascade sampler operatingat aflow rateof 1.7 [/M?/
minonglassfibrefilter paper (GF/A Whatman) giving fractionsizesof
(inpm): >10.4,>5.2,>1.6,>0.6 and <0.5. Six sampl es(8 hour duration)
werecollected over aperiod of 3monthsin each of thefollowing three
different stages of the rubber manufacturing process: packing and
loading, vulcanization and compounding. The particle concentrtion
(total suspended particulatematter: TSP) of each samplewasestimated
gravimetricaly, andthebenzo(a)pyrenefromthefivefractionsof particles
wasdetermined after extractionwith benzeneinaSoxhl et apparatusfor
8-10hr*213, Theextracted material wasconcentratedinaBuchi rotavapour
and then deoxygenated by passing nitrogen through it. Finaly, the
samplewasanalysedinaFerrands-3 scanning spectrfluorometer’®. The
qualitativedeterminationwascarried out using an excitation-correction
modul e coupled with theinstrument.

Lung Function Tests: Information regarding rubber factory workers
employedindifferent sectionswascoll ected between October 1989 and
March 1990. A questionnaire requesting details on age, duration of
employment, smoking habitsandfull medical history wascompleted by
all 667 workersexamined. Their height andweight weremeasured, as
weretheir FVC, FEV |, FEF 25-75%, PIFRand FEFR (withanelectronic
lung function machine: model EIf, PK. Morgan, UK). A chest X-ray
(posterior-anterior view) wastaken of each worker studied.
Correspondence : Prof. S.K. Bhargava,

E-3, GTB Hospital Campus, Dilshad Garden, Delhi-95, India

DataAnalysis: Toexaminetheeffect of theduration of exposure, three
subgroups of workers were formed according to the duration of
employment. Statistical analysiswasby one-way analysisof variance
with Tukey’ stest technique, using an SPSS package. Therelationship
between the results of the pulmonary function testsand variableswas
assessed by multiplelinear regressionwith anexamination of residuals.
Values are expressed as the mean and standard deviation.

Results

The quantity of suspended particulate matter (SPM) (mean+SD) to
which each group of workerswas exposed was asfollows (in pg/md):
packing and loading 77.32+21.86; vul canization, 147.37+47.87, and
compounding, 155.44+12.68respectively. Thehighest SPM (66.0ug/
m?) and benzo(a) pyrene (10.94 ng/™) concentrationswereobservedin
heparticlefraction sizeof <0.5um, of compounding section (Tablel).
TheSPM concentration of packing andloadingworkerswereexposed
wassignificantly lessthanthat towhichtheother workerswereexposed
at the two smallest fraction sizes (p<0.01). The concentration of
benzo(a)pyrene was seen to decrease with anincreasein particle size
throughout (Table1).

Table 1 : Concentrations of SPM and benzo(a)pyrene, according to particulate size in rubber factory.

Parti- Packing-+Loadingunit Vulcanization unit Compoundingunit
culate SPM(?)  Benzo@@) | SPM(Wh®)  Benzo@) SPM(/m?)  Benzo(a)
size (pm) pyrene pyrene pyrene
>104 552+363  032+046 | 546+246 031+011 | 574+040  01+001
>52 T2+465  072+030 | 1102+383  08+018 | 11774345 071+012
>16 962+417  116+057 | 1511+346  116+051 | 1653+459 201+097
>06 1027+367 201+059 | 2090+198  134+034 | 2186+459 59%4+221
<05 3B849+1279 365+170 | 660+267 585+120 | 6699+1112 1094+210
TSPV T73+2186 147.371+47871 15544+1268

Valuesare mean+SD.TSPM=Total SPM

Table 2 : Mean Concentration of rubber factory pollutants in three sections of rubber factory.

Parameter Section| Section|l Sectionlll Fvalue
SPM (i) TIR+2136  14737+4787  15544+1268 1116
Benz(a)pyrene (ng/m?) 090+059 074+049 966+15 20231
Benzo(a)pyrene (ng/m?) 6T6+1423  12843+9A93  28362+10463 1375
Benzo(@)anthracene(ng/n®)  115+058 166+156 683+307 7%
Sulphates (/m?) 2796-+584 23244377 4096+1213 1044
Nitrate (Wim?) 6414287 523+165 2070+750 2646

Table 2 shows the concentration of SPM and PAH compounds, viz.
benzo(a)pyrene, benzo(e)pyrene, benzo(a)anthracene, sulfates and
nitrates. Itisevident that the SPM and other chemical swerein highest
concentrationsinthecompounding (mixing) unitascomparedtothose
inother twounits. Fromtheanalysisof varianceof significant difference
(p<0.001) could be seen amongst these pollutantsfrom one section to
another. (Table2)
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Demography and Symptoms

Themonthly income of theworkers studied ranged from Rs. 1,469 to
1,639 per month, which reflectstheir average socio-economic status.
Their mean age, height and weight rangeswere, 23.8-27.9years, 161,

1-161.7cmand 50.0-51.6 kg respectively, and therewashomogeneity
between workersin all groups.

Symptomsindicativeof respiratory difficulty (Table3) werepresentin
factory workers involved in the three different stages of the rubber
manufacturing processstudied, butwerebothmost preva entand severest
intheworkersbel ongingto compounding section (n=148), fol lowed by
those in the vulcanization section (n=441). The subjects from the
packingandloading unit (n=78) had FV Cand FEV , valuesof 2.79and
2.60litressuchthat the FEV /FV Crratio was 93%; whereastheval ues
of these workersfrom vul cani sation section were 2.51 and 2.31 litres
witharatio of 92% and inthecompounding group, 2.35and 2.12litres
and 90% respectively. (Table 3)

Table 3:: Distribution of respiratory signs and symptoms in the rubber factors workers
Section Bood Breathing Chest Chest Throat Cauch Sputum

Packingand - e +He

loading

Vulcanization -He +He e e withblood

Compoundng  -He e +He +He +He +He with blood,
black colour

Mean values of FEF 25-75%, PEFR and PIFR of different groups of
workers are represented in Table 4. As compared to other groups, a
significant decreasein FEF 25-75%, PEFR and PIFR val ueswerenoted
incompounding unit (p<0.05). Therelationship of thedeteriorationin
lungfunctionwiththedurationof exposureto pollutantsisgivenin Table
5. Ascomparedtodifferent subgroupsof working duration among the
three groups of workers, a significant reduction in lung functionsin
workershaving aworking duration of 6 yearsand morewasobserved.
In packing and loading section (group 1), no two subgroups were
differentfromeachotherintheir valuesof FEF 25-75%, PEFRand PIFR
raw ingredients and other chemicals are heated and milled to obtain
softened rubber. Inall theselocations, onewould anticipatethat there
was exposureto particlesand benzo(a)pyrene. (Table4 & 5)

Researchershavecorrel ated Benzo(a)pyrenewiththemixtureof PAH
analysed, confirmingthepresenceinair asagood indicator of exposure
to PAH compounds®.
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Table 4 : Mean measured values of lung functions of workers belonging to Section |, lland lll

Gowp  Section Parameters

No. FE25% FER% 5% R PR
(USec) (USec) USec)  (USeq)  (USeo)

1 | 413+09 363+092 256+055 440+102  39%5+099

2 Il 397+134 357+112 234+078 413+145  348+115

3 1] 33%4+113 304+082 220+061 3B+121 297+H089

Fvalue 4.636*,8.045*,4.199%,11.00,16.57*

*P<O0BANOVA)

Discussion

Thehighest particlesand benzo(a)pyreneconcentrationswerefoundin
the compounding sectionworkers. Such aparticlesizedistributionis
consi stent withtheresultsfromthepulmonary functiontests. Thisstudy
showed that the lowest measures of lung function were found in the
workersfrom the compounding section, which wasthe most polluted
environment. Furthermore, the longer the workers had spent in the
factory, the lower was their lung function, regardless of the stage of
production processthey wereinvolved. Thissuggeststhat theremay be
acausal link between the exposureto particlesand benzo(a)pyreneor
other chemical sandthedepressionof lungfunction. Thatthisdepression
hasclinical implicationsasreveal ed by thefinding that theseverity and
frequency of respiratory difficulty was greatest in workers from the
compounding section, whowereexposedtothehighest concentrations
of respiratory particles and benzo(a)pyrene. The loss of pulmonary
function seen in the present study was supplemented by the X-ray
findings, conforming that lung damage was greatest intheworkersin
thecompounding section.

Theinverse relationship between lung function and concentration of
pollutantsthat hasbeenfoundinthepresent study i sconsi stent with other
findings. Sucharelationshipwasdemonstrated by Zejdeetal*®*inSwine
producers. Inastudy on rubber factory workersby Zuskin et al*® also
showedsignificantly lower valuesof FVC, FEV 1, FEF 25%, FEF 50%
and higher prevalence of acute and chronic respiratory symptoms. A
study on Shoe and Cement factory workers has shown fall in various
spirometric values (FVC, FEV /FV C) indirect proportion to duration
of exposure!. Thehighincidenceof respiratory symptomsand X-ray
findings in workers in the compounding section are similar to those
reported by Shahand Co-workers'” inasbestosworkers. Theseresults
are alsoin geneal agreement with those of other workers'® who have

Table 5 : Multiple regression analysis ofFVC and FEV,, FEF 25%, FEF 50%, FEF 75%, PEFR and PIFR vis a vis physical parameters and pollutants.

Effects of various RCY R0 FEF25%(/sec) FEF50%(L/sec) FEF75% (L/sec) PEFR (/sec) PIFR (L/sec)
parameters Coff t coff t coff t Coff t Coff t Coff t Coff t
A 918 -163 0011 -1.82 024 -159 -021 -1.90 620 268* -1.78 -110 024 240%
Height 0021 3089+ 0013 240¢ 315 -224 981 936 o1 164 515 034 021 186
Weight 0029 506* 0020 329¢ 035 2369 026 228 014 198* 017 104 01 921
Calorieintake 122 0163 s 0960 -105 101 236 176 798 82 230 108 667 421
Smoking duration -159 025 -1.76 0255 -1.76 -89% 226 -154 274 288 -303 -1.37 481 311
Employment -114 -150 -159 -198 -1.76 -89% 226 -154 274 288 -303 -1.37 481 311
duration

Working hours/day 481 0272 962 0510 -024 -521 023 666 825 366 015 298 014 368
SPM (ug/) 387 341* 418 335* -158 -443 321 -116 368 -185 -4.96 -1.26 695 204*
Benzo(a)pyrene 0014 -145 0016 -155 088 -366* -046 274* 348 -335 -0%4 373 -037 210*
12 (%) forall9 0513(51.3%) 0413(41.3%) 343(34.3%) 355(35.5%) .398(39.8%) .303(30.3%) 317(3L.7%)
parameters

r2value (%)forfirst 0486(48.6%) 0.383(38.3%) 222(22.2%) 0.300(30.0%) 0.380(38.0%) 0157(15.7%) 0273(27.3%)
7 parameters

additional contribution

Additional 0.02929%) 0.054(54%) 121% 55% 18% 146% 44%
contribution (%) of

polutants

*p<006
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Table 7 : Physicial parameters of the subjects studied
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Table 6 : Pulmonary lung functions of subgroups (a,b,c and d) durationwise.

Section Parameter Group according towork duration

a b c d
6months 6monthsto  3yearsto6  Gyear&
3years years aboe

FEF25% (L/sec) 448+107 4214087 39%6+100  374+083
FEF50% (L/sec) 382+091 364+100 352+084  337+106
FEF75% (L/sec) 270+053 268-+052 2494058  214+035

Packing& PEFR (Usec) 468+104 444083 4204091  421+151

loading PIFR (L/sec) 433+117 382-+H065 381+110  363+103

group()) RCY 296+041 2904037 268+036  263+108
[z=2VA(N) 281+021 268-+H044 248+038  241+051
FEV,/AVCO) HA+57 RA+62 R5+63 915+75
FEF25% (L/sec) 407+128 404+133 385+131  375+153
FEF50% (L/sec) 369+107 364+106 339+104  333+1L3H
FEF75% (L/sec) 248+076 236+072 2304078 202+081

Vulcanizing ~ PEFR(Usec) 425+141 414+144 402+147  3R+1HA

(groupll) PIFR (L/sec) 353+112 347+118 347+117  333+118
RCQ) 250+061 256-+H061 230+064  238+065
22V} 239+059 236+059 2174059  214+066
FEVIRVC0) R3+96 R2+117 08+101  899+123
FEF25%(L/sec) 346+041 34+047 3B+LH  324+148
FEF50%(L/sec) 322+045 316+102 30B+093  283+086
FEF75%(L/sec) 240+048 235H077 224062 193+054
PEFR (Usec) 408+100 310+117 309+130  290+110

(groupli) PIFR (L/sec) 313+102 309+093 301+066  269+078

240+046 236+051 2344037 230+041

22V} 221+040 215+065 209+049  205+060
FEVI/RVC (%) R1+80 911+138 893+190  81+171

reported significant reductions, in FVC vauesin samill and ricemill
workers after 5 years of exposureand in FEV, valueswithina1-year
exposuretime. Inanoher study, rubber factory workerswithanexposure
of 10yersshowed asignificant decreasein FEV /FV Cwhencompared
with controls®. A time-related declinein lung function hasalso been
reported in Indian workers who have been exposed to talc dust®.

Inany study suchasthepresent one, itispossibletoimplicateapol lutant
inmedical effect erroneously because of conpounding factors. Inthe
present study, the workersin each group were examined with regard
socioeconomic status and medical history. No relationship between
thesefactorscouldbedemonstrated, allowingtheconclusiontobemade
that theimpai rment of lung function wasrelated to the concentrations
of particles and chemicals in the respirable fraction of air to which
workersin arubber factor were exposed. Of course, the possibility
remains that the benzo(a)pyrene could be a surrogate for some other
substance that causes the damage to the lungs. However, as
benzo(a)pyrenewas employed in the present study asamarker for all
polycyclicaromatichydrocarbons, it seemslikely that suchachemical
isresponsi blefor thepulmonary damageintherubber factory workers.
Whatever therel ationship between polycyclic aromatic hydrocarbons
and pulmonary toxicity, itisclear that respirableparticlesareinvolved
in the observed effects.
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