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ASSTRACT

We have conducted an epidemiologzical study to investigate
a report that some men working in a factory manufacturing
polyvinylchlaride (PVC) had abnormally low values of one
lupng function test, nemely the sirgle breath transfer
factor for carbor monoxide (Twcol,

We studied 265 present and past employees of the PVC
fuctory, 2ad 219 men from the workforce of a neardby foundry.
The fouzdrymen were included ta increase the number of men
with little or no e.posure to possihle respiratery hazards
at the PVC factory. Each man's Twco wes measured, and
smoking history and detailed occuvaticnal histary obtained.
More detailed lung function tests were carried out on the
PVC workers only (forced expiratory flow-volume curves).

The study consisted of twa parts; measurement of the Tico
of current and past employees at the factory and current
foundry employees and examination of the distribution of
residuals after allowing for age, height, weight and smoking
habit, to search for evidence of an excess of men with low
values of Thco; and a case~-control study, In this, men
with the lowest Tuco after allowing for age, heipght, weight
and smoking hahbit were selected as cases, and their occupat-
ional history compared with that of two grouvs of controls;
one group selected from those with near average gas tranafer
values, and another group from those with the highest values,

The Twco results among this comhined population conforzmed to
a Normal distributiorn after allowing for age, height, weight
and smeking hahit, and did not suggest that a suhstantial

numher of men had clinically important impairment of their
Teco.

The 341 men selected as 'cases' included 15 men wheose Tuco was
abnormally low (less than 7C% of published predicted values),
of whom maRs“were TVC workers and S were foundrymen.

Among the 1C cases working at the PVC factory the pattern of
lung function abnermality suggested that the low Tico was
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accompanied by evidence of airflow obstruction in 11 men,
suggesting the presence of emphysema, hut was an isolated
functional abnormality in the other eight, vossibly
suggesting the presence of pulmonary fibrosis or
abnormalities of lung perfusion,

PVC werkers ware slightly over-representesd among the cases,
although this difference could easily have arisen by chance,
Men who had worked on jobs at the PVC factory which were
close to the pressure vessels where exvosure .to vinyl
chloride monomer was most likely to have occurred in the
past, were also slightly over-represented among the cases,
and this difference approached statistical significance at
cenventisnal levels. There was, furthermore, a statistically
significant association between low Ti.co and a history of
having worked at the PVC factory before 1975. This date is
important because it was at this time that exposure of the
workforce to vinyl chleride monomer was drastically reduced,
in th2 light of information about some of the potential
hazards of this gas,

'The cases included slightly rore smokers than the controls,
and those cases who smcked, smoked slightly more heavily than
controls.

The rolative importance of these end other factoers in causing
the lung functiocnal abnormalities is not clear, but theas
findings give sore support to the hypothesis that work ir the
2VC factory hefor> 1975 involved exposure to a substance that
caused impairment of lung function in a small number of mea.

There was no evidence of a relationship between low Tiso values
and current working conditions at the PVC factory or with past
Jor present conditions at the foundry.

The results suggest that more detailed studizs of the relation-
sthips witk vinyl chloride monomer, polyvinylchloride, smoking
habit and cther causative factors would be desirable, together
with a clinical assessmant of the lunz damage in salected men.
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4+ INTRODUCTION

The health of workers emploved in the marvfacture of polyvinyichlaride
(PVC) bas been a causze of cozsern duriss resant years. Some adversa
e{fects of exposure to vizyl chloride monomer (VCH) are well
recognized, but lung disease in =an has nct been shown tc be relaled
to exposure to VCM. Exposure to airborne PVC dust, however, has been
shown tn cause slight impairment of lung function and slight chest
radiographic abnormalities,

7invl chloride is the basic raw material used in the pruduction of PVC,
Although the manufacturing process was first developed in 1023 in the
USA it was not until 30 rears latar that evidenca of the teoxic effgcts
of vinyl chloride ecrosure Legan to accumulate. OCRIILR (10£3] was the
firat to descrihe scro-osteolysis in reactor ¢leaners in Belgium and in
*he fallowing ymar SUCIU (19867) deseribed Raynaud's thenomenan among
workers in a PVC factory. Cranges in the skin end internal crgans we<a
subseauently -ceognized and in 1974 the torm 'vinyl chloride disessa’
was used to describ. the syrdrome which lLias many features in commom with
sclercéerma (VELTMAN =t al., 1975).

The kepatic effects of exvosurc to VCM have aroused tnz most interest

and include non-caligrnant ehanges, It was the discovery cf the
association between vinyl chloride exposure and angiosarcoma of the liver
(CREECH and JOHNSON, 1974) which caused the greatest concerz and affirmed
tha need for stricter control of exposure levels. In 1875 regulations
wera introduced which established & ceiling exposure value of 30 pérts
ver willicn (ppm) and an eight-hour %time weignted average (TWA) of

10 ppm. In 1930 the perwitted maximum expasure was reduced to an
arcual avaruze of 3 prm.

1.1 Reapiratorv effacts of YCM and PVC

The work described in this report was aonfiﬁed toa a study of the lung
function of warkers in & factory producing PYC whers men were exposed

. patentially to VCM, PVC and the other compounds used in the manufacturing
proceas. Previcus situdies involving the use of animals, observation on
patients and epidemiological surveys. bave proviled information orn the
potential respiratory effects of these comronnds.

09051 160
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2.
17,1 Animal studies

The toxicity of both VC and PVC has heen investigated in animal
experiments. PRODAN et al. (7975) expased guinea pigs to 1% vinyl
chloride concentraticn for twe hours daily for periods of up to three
months. At -autopsy the lungs of all exposed animals showed the
presence of fibrosis which was nost severe in the animals which had
kad tke longest exposure time., AGARWAL et al. (1978) studied the
effect of intratracheal injections of PVC dust in rats and found that
inflacmatory changes were induced in the terminal and resciratery
alvaoli and that granulomatous lesioas associated with multinucleated
giant cells developed., Siamilar giant cells and histiocyies wers
identificd in the alveoll of the lungs of small mammals which were
kept in the bagging area of a PVC factory (FRONGIA 2t al., 1974).

Tet1a2 Clinical studies

There Lave bsen icolared case rerorts of pulzonary disease in workers
employed in factories avnufacturing PVC.  ARNAUD et al. (1973)

" studied a 535-.year-old mar who had worked faor 23 years in the bagging

plant of a PVC factory. £Eis chest X-ray shosed microncdular shadowizg
and lung biopsy revealed large nunhers of macrophages containing
particulate material and moderate diffuse fibrosis and a few alveolar
granulomata. Howsver, his symptoms were few ani apart from a alight
reduction in vital capacity, his lnag function tests izmcluding his
transfer factor for carbon moncexide were pormal., His disease was
probably related to PVC dust rather than VCHM.

- DARKE (1976) irvestigated 14 men who nad been employed in a PVC

mamfacturing plant exposed ta VCH and all of whom couplained of
breathlesspess, He found that tacir chest radiographs were normal.
In six of these men transfer facinr for carbon monoxide is reported

as being impaired but po measmurements or details of other lung function

. occupationr was not clear.

teats are given. Lung biopsy froc one of the men showed focal
alveglar wall thickeming and macrophages present in aslveolar spaces.
LANGE et al. (1973) described some cases of VC workers with impairment
of transfer factor for carbten monoxide, but the relationship with

1G05 | VN
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1.1.3 Epidexiological studies

Studies of pulmonary function of workers employed in PVC manufacturing
plants have produced conflicting resuits, and it has not always been
possible to separate the efficts of FVC dust from potential effects of
VCM. A high prevalence of abnormal lung function, wmainly ocbstructive

in type, was found by MILLER et al. (1975) and LILIS et al. (1975; 1976)
among workers in two FVC manufacturing plants in the United States of
Amzerica but smoking was not taken into account in the analysis.

Smoking effects were allowed for in the study by GAMBLE et al. (1976)
which compared the lung function of workers in a PVC plsnt with that of
rubber workers and chemical workers exposed to VCM: no significant
differences were found in the lung function of these three groups but

no meusured personal exposures were available. VERTKIN et al. (1970)
studied 38 PVC workers in the USSR and found a high prevalenze of chest
radiograph abnormalities but the majcrity of the workers had normal lang
funciion testa. CHIVERS et al. (1930) similarly found no apparezt
impairment of lung funct.ion among 509 employees in a PVC factory of whoem
104 were exposed to FVC dust omly, 112 to non-chlorinated solvants only
end the remaining 293 were exposed to a mixture of both. o differance
between the three groups was identified and the ousarved impairment of
lung function in some men was relsted emtirely to the effects of smoking.
Hovever, measured personal exposures were not available for thcse men.

A study of 818 men currently and previocusly employed at a PVC manufa;turins
plant (SOUTAR et al., 1980) in which estimates of personal exposure to PVC
dust were based on detailed occupational histories and current
megsurements of dust levels in the factory showed a statistically significant
reduction in tcsts of lung funciion among men with the highest PVC dust
sxposure, and some of these men had small rounded opacities'an their chest

radiographs. The men with these radiological changes had significantly
lower mean lung function test values than men whose films wers

oonsidered to be normal. No relationsbip was found between exposure to

PVC dust and impaired transfer factor for carbon moroxide.

1.2 The vresent study

The present astudy was requested by Vinatex Ltd., and was carried ocut with
the full agreement of management and werkforce, and arose from their
concern about seme employees whose lung function, particularly the

29081 19n
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transfer factor for carbon monoxide, appeared to be abnormal. The
transfer factor for carbon monoxide measures the ahility of the lung to
exchange gases between the inspired sir and the blood, The study was
designed to describe the distributions of varicus measures of lurg
function, including the transfer factor, in current 2nd former employees
at the PVC factery and to identify men with low lung function values.
These men would be regarded as 'cases' and would be compared with two
groups of controls in order to examine possible assocciations betwesn
abrnormally low lung function values and persoral, cccuwmational and
envirenmental factors.

The totsl survey vopulation included the workforce of two factcries;
one was the 2VC factory of interest and the other was a large iron

found-y situated a faw hundred yards away.

1.2.1 The PVC factory

Tre plant had heen in operation since 1969 and for most of that time had
produced suspension polymer. For a peried of three years (1371 - 1974)
emulsion polymer, whizh has a smalller partic..e size than suspension

pclycer, had beun qgnufactured in ora of the twc reactor buildings.

During the manufaciuring process vinyl chloride is pumped frecm the tank
farm storage area via another satorage tank to two reactor buildings.
Under conditions of increased temperature and pressure and in the
presence of other suhstances acting as catalysts and surfactants,
polymerization of VCM takes place. The resulting FPVC is piped as a
slarry to tlending tanks and is then dried by centrifuging and rotary
drying. The dried polymer is sifted and either removed to storage silos
or bagged and stored in the warehouse bafore veing dispatched. The
manufacturing process is operated in batches throughout the 24 hours and
the workforce is divided into four shifts. In the reactor ahd dryer
buildings men usually start as 'B' operators and can then preceed to be
'A' operators and sometimes 'Lead' operators.

Available data suggest that prior to 1975 levels of VCM in the factery
were considerably higher than the current low levels. Duriog the period
1969 - 1975 men working in the reactor buildings, and particularly those
invelved in the manual cleaning of reactors, are likely ta have been

exposed to the highest levels of VCM.

Aalal§
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1.2.2  The foundry
The foundry was situated near the PVC factory in the same industrial

valley and manufactured moulded steel products. The sanufacturing
process involved the production of molten steel which was cast into

appropriate moulds to which various finishing technicues were applied.

$a0sl 1dn
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2. METHODS

2.1 Selaction of the survey pooulation

All 177 men currently employed at the FVC factory were invited to take
part, The names of arotker 26}'meu who had worked at the plant since
it started production in 1959 wers identified from factory records and
attempts were made to trace and invite all these men using information
supplied by the management, uniocn representatives and local records.

At the foundry the study was confined to 285 men selected randomly frem
the 1,085 current mala employees.

2.2 The medical survey

The factories were visited by the medical survey team and men wer: 3een
by appointment. -

Details of sach =an's smoking history ware recarded by a trained clerk
using & questionnaire which was a modified version of the smoking section
of the Madical Research Counci) Questionnaire of Kespiratcry Symptoms
(MRC, 1976) (see Avpendix 1).

A full occupational history was reccrded for esch man by & trained clerk
who had previously visited both factories and was familiar with their
layout and the manufacturing processes. Details of all jcbs which a man
had done since leaving school were recorded and the time spent in each of
them noted. .

311 PVC factory employees had measuremnents of forced expiratory volume in
one second (7FEVy), forced vital capacity (FVC) and gas transfer factor
for carbon monoxide (Tvco). For foundry workers, approval was ootained
for meesurement only of Ti.co. Measuraments of FEV, and FVC were made
using an electronic dry rolling-seal spirometer (Chio 8C0). After a
practice expiration, three forced expirations which were considered to be
technically satisfactory from a maximum of six were recorded. The
maximum values of FEV; and FVC, not necessarily in the same breath, were
used for the analysis, and the ratio of FEV, to FVC was derived from these
figures.

4051 14N
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Single treath gas transfer factor for carbon monoxide {Tico) was
measured by the breathholding method of MEADE et al. (1965) based on
the modified Krogh tschnique. An automated spirometer/gas sampling
system {Transfer Test B, P.K. Morgan Ltd., Chatham, Kent) was used ard
duplicate estimations were made for each man at least 10 minutes apart.
Technically unzatisfactory tests were rejected and repeated (i.e. if
the inspired volumes of the two tests differed by more than 1%, if the
apirograns of the manoeuvres were of different shape or if the rates of
inspiration snd expiration were too slow). The mean of the results of
the two satisfactory tests was used in the analysis,

Bach man vas weighed fully clothed and bis standing height measured.

2.3 Methods of aralysis

The data were atudied izitially by summary descriptive statistics and
multiple linsar regression analyses of lung function taking into account
age, height, weight and smoking habit., Subsequent examination of the
standardised residuals® was carried out and on the basis of this saszes
and controls were selected.

2.3.1 Classifiéation of smoking histories

Henivorc assigned to cne of three smoking categories; 1lifelong non-

'smoker, curTent smoker and ex-3moker, No distinction was nade in the
analysis between type of smoking and the two 'smoker' groups included
smokers cf manufactured cigarettes, hand-rolled cigarettes, pipes and

cigars, since the majority of men smoked manufactured cigarsttes.

2.3.2 Analysis of data from total survey vpopulation
The distributinns of lung function and various explanatory variables

(R lae

9903

® A standsrdised residual, SR, is the difference between an chserved
lung function value and its predicted value from multiple linear
regression analysis, divided by the estimated standard deviation of
the unexplained variatioa from this model. .

(ohserved value - value vredicted froz fitted equation)

i.e. SRa (estimated standard deviation of the prediction)
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were examined for systematic patterns amongst current snd former employees
of the PVC factory and current employees at the foundry. This waa
further explored for Tico and FEV; by multiple linear regression analysis
taking account of age, height, weight and amoking.

The relntioﬁ;hip betwsan a man’'s cbasrved and predicted values was
expressed as a standardised residual (SR). Thus men whose observed
values were close to the predicted values would have SR values clustered

around zero snd correspondingly men with impaired lung function would have
the largest negative SR values.

The diatribution of SR values wa3 examired to sese if there was evidence
of an unexpectedly large number of mer with impaired lurg function amnd if
8o, to examine if either PVC factory or foumdry employe=~s were overe
representad amongst these men.

2.3.3 Selaction of cases and controls

For each lung function variabvle those mern with the largest negative SR
vslues were chcsen as cases. Two groups of controls were selected
rendenly, firstly from those men whose SRs were clustered arcund zers and
secondly from those with the largest positive SRs. '

¢

2.3.4% Case-control siudy

Cases were initially compared with the rest of the survey population in
order to identify systematic differences amongst related factors, e.g.
age, smoking habit, employment status. .

“The occupational and smoking histories of cases and controls wars studiéd
for systematic differences. Fisher's sxact test, chi-squared test for

2 x 2 contingency tables and chi-squared test for linear trend wers used
where appropriate.

Classification of smoking and emvlovment histories

Smoking histories ware classified as they were for the total population
(see Section 2.3.1). Additional informatiom about the number of
cigarettes smoked and age of starting smoking was analysed in the case-

control study. Bread cccupational categories were defined for both PVC

g5t o

L



9.

factory and the foundry (Tables 1 and 2) and the total number of years
apent by all cases and controls in each occupational category was
caleulatad., Additional information was available for PVC employees

in relation to exposure to emulsion polymer and employment in the
factory prier to 1975.

Frem the full occupational history, the number of years in 'noxious'
industries was recorded. 'Noxious' industries were classified into
four groups; the ceal and chemical industries have certain well
recogrnized hazards, while the lung function of =en in the steel iaduatry
has baen reportad to b3 lower than men in non-dusty employment

(HIGGINS, 1970}; the fourth, designsted ‘other', included indusetries in
which hazards could possibly arise although they would be less likely
than tnoze of the otner groups (see Appendix 2 for a list of ‘other
noxious' jobs). Employment of men in the manufacturing of PVC other
than at the PVC factory was alsoc noted.

89051 dN
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3. RESULTS

3.1 Descriotion of total survev vovulation

A total of 488 men was seen consiating of 165 current PVC factory
employees (93¢ of those who were asked to participate), 102 PVC
factory leavers (39% of those who were invited) and 221 fcundry
employees (78% of those invited). Three men (one from each
employzent category) did not complete the Tico measurement and one
foundryman did not have height and weight values recorded; the
analysis was based on the remaining 484 men. FEV; and FVC measure-
rents were not obtajned from three FVC factory leavers and were nct

carried out on the 221 foundrymen and the anilysis was tased
therefors on 264 men.

3.2 Analysis cf lung function data frem total survey pooulation

3.2.% Calculation of vredicted values and standardised residuals

The elfects of age, height, weight and smoking habit on the Tico and
FEV,; were studied in this population by multiple lipear regression.

-Tﬁc development of the regression model used is described in Appendix 3.
Standardised residuals (SR) for Tico and FEV, were calculated for euch
man from the final regressior model. Thus a man's standardisad residual
Twco represzents the amount by whiza his Twco value differs from that
predicted by his age, height, weight and smoking habit after standard-
isaticn.

3e2.2 .Distritution eof standardised residual values of Tizo and FEV,
for tgtal survey powulation

After allowing for the above factors, the standardised residual values
of Tuco for the total survey population showed a symmetrical -
distribution, with no greater number of men in the negative tail of the
distribution than would be expected to have cccurred by chance., This
15 indicated that there was no evidence that a substantial number of men

had suffered a clinically important reduction of their Tico. However,

for the FRV, SR distribution there were slightly more extreme negative
values than extreme positive values (Figures 1 and 2).

Je2.3 Selection of cases and controls

» ..It was decided that about 30 cases would form a study group of
appropriate size. The threshold SR value for Tico below which there
was approximately this number of men, was ~ 1.5, giving 31 gen. A

qpsL 1dn
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control group of 31 men was selected randomly from those men with SR
values between - 0.25 and + O.75 inclusive (Tico 'average’ controls).
A zecond control group of 31 'extra-healthy' men was selected randemly
from those with SR values in excess of + 0.75 (Tico 'healthiest!®

controls).

Similarly 30 mep with an FEV; SR value of less than - 1.1 were
gelected as FEV; cases and two control groups, each of 30 men, were
selected randomly from those with an SR value between - 0.25 and + 0.75
ipclusive (FEV; ‘'average' controls) and from those with an SR walue in
exceas of + 0.75 (FEV; 'healthiest' controls).

3.3 General features of casess, controls and the total survey

porulation
3.3.1 Aze, height and weight

The mean age, neight and weight of Twco cases and contrcls, FEV, casas

and controls and the total population are given in Tables 3 and 4. 2Lco
cases und controls were of similar age but cases teaded to be taller than

the control groips. Although the mean ages of Tico cases and control
groups were similar, study of the age distributions (Table 5) showed an
excess of current PVC factory employess in the 45 - 54 age group wien
compared with both greups of controls und the rest of the population.
FEV; cases were slightly older and tailer than the controls and the rest -
of the population but there was po difference in the age distribution
betwecr employment groups or cases and controls. .

3.3.2 Emnloyment status and smoking habit -

The employmert status of cases, controls and the total population is
ahown in Tables € and 7. PVC factory employees were slightly over-
represented amongst Tico cases but this could easily have cccurred by

chancs.

Differences in smoking habit are discussed in a later section,

Je3.3 Lung function

The neax values of Tuco for Tico cases and controls and the total
population are shcwn in Table 5 and mean values of T.co, FEV; and FVC for
FEV, cases and controls are shown in Table &,

%
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Observed Toco and FEV; values ware expressed as a percentage of values
predicted on the basis of Cotes's regression model (COTES, 1979) and
the distribution of *hese wvalues for cases, controls ani the total

population are shcun in Tables € and 9.

3.4 Clinizal descrintion of TiLeo cases and FEV, cases

Fifteen men (nine FVC workers and six foundrymen) of the 31 Tico cases
had Tvgo values below 70% of their predicted values and four of trese
were below 6% (Table 8). Nineteen of the 371 cases were from the PVC
factory and cof those, four men kad FZV, values of less than 8C% of
their predicted value and low FEV,/7TVC ratios iandicating airflow
obstruction. The remaining 15 men had FEV, values within the normal
range although further examiratioa of their lung function data (furced
expiratory flow-volume lcops) sugzested that saven of those might have
oild airflow sbstructicr. Detxils of the 10 PVC werkers with the
lowest Tuco =tandardised residual values are given in Tahle 10,

Of the 30 FLV, cases, 13 had sbserved FEV, values below §C: of their
oredicted vaiuer and 10 of these were less than 70% (Table €). The
majority (10) of the 13 men with reduced FZV; had FEV,/FVC ratiocz below
7C% suggesting airflow obstruction. Seven of the FEV, cases were also
selected as Tuco cases.

3.5 Caze-contrel study

The occupzatjcnal histgries and shoking habits of cases and controls were
comparad in order to explors the otserved differences in their lung
funetion.

2.5 Oncupatioral histories of cases and controls

Analyses of the current employment status of cases and controls showed
that PVC factory waorkers were slightly over-represented amongst the Tico
cases {Tahle §), though this difference could easily have arisen by
chance,

The majority of PVC workers had worked in more than one type of job and
in more thaz one broad occupatisnal category during their employment with
the company. Adgalysis of the mean duration of employment in each broad
category failed to show any differences between Twco cases and their

bL051 TdN
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controls (Table 11), though mcre casss than controls had worked iz

jobs in category 1, those cccupations close to the pressure vessels
where exposures to VCM were mostly likely to have occurred in the past.
This difference could easily have occurred ty chance, if PVC workers
alone are considered but if the foundrymea are includad, 11 of 31 cases
(35%) had worked in category 1 jobs in the PVC factory, whereas valy 10
of 62 controls (16%) had done the same. The difference is significent
at the 7 level. These occupational differences were not appa~ent for
the FEV, cases and controls (Table 13).

There was alsoc movement batween jobs at the foundry hut there were no

differcrnces in the paitern of employment cf cases and controla (Table
12).

Pre+197% emnloyment

Following the recogrition of the nazards of VCM expesure in 1973, levels
of VCM in the fastory were prograssizely reduced during 1974 and by
January 1975 the exnosure levels were low. The rnumbers of cases and
controls who rad hsen employed at the FVC fzstory before ist January '
1975 ware compared. Seventeen of the 19 FVC worker Twco cases had
been erployed berore 1975 compared with five o the 15 'healthiest?
controls and 11 of the 13 averaze controls (Tahle 44)., Using a X* test
for trend, there was strong evidence to suggost a significuat increase
in the proportion of men workirg bvefore 1975 aover 'healthiest' controls,
'averaga' controls and cases. Looking at compafisons between groups
only the difference between cases and 'healthiest' controls was
significant. Aralysis of the duration of employment of men witkin
diffarent age groups showzd that pre-1975 working was seern in younger

as wsll as in older men (Tables 15, 16, 17). No differences ware seen
in the number of men employed bafore 1975 between PVC factory FEV, cases
and controls (Table 18). A similar analysis of foundry Tiuco cases
failed to show any relationship with pre-1S$75 employment (Table 19).

In conclusion there is evidence to suggest that employme=nt &t the PVC
factory before 1975 was associated with impairment of Tico.

2LosL n



14,
Exposure to emulsion polymer

The employment of cases and controls in the mamufacturing of emulsion
polymer was studied and comparcd. Ko man kad been exclusively
involved in the production of emulsion polymer so men were divided inte
three groups; thuss who had worked with suspension polymer only, those
who had worked with both suspeansion and exulsion, and thesa who had not
been exposed to either, Similar proportions of Tico cases and controls
(Table 20) ard FEV; cases and controls (Table 21) are represented in each
{ these three groups. There is no evidence that exposure to emulsion

volymer sdversely affectad the lung function of thoue who worked with
dit.

Prev;_ous ermloyment in other industries

Ther= was po evidence that the observed differences bstween cases and
conirols could bhe explained on the basis of previous emplcyment in
industries other than the PVC factory ar the foundry. No differences
were found either in the numbers of cases and controls or in the mean
numhers ¢f years spent by them working in other industries which might
be considered noxious (..e. coal, steel, chenicals and '"others')

(Tables 22, 23, 24). No men had been employed in the manufacturing of
PVC outside this PVC factory.

3.5.2 Smoking habits of cases and controls

A higher proportion of Tico cases {6FX) were current cigarette smokers
than wers either group of controls (43%) or total survey population (43%)
(Table 25). This diffsrence was not szen between the FEV, cases and
controls but there were more ex-smokers among the FEVy cases than there’
were among the controls (Table 26). ' ”

The smoking histories were examined in greater detail by analysing the
number of cigarettes which current cigarette smokers smoked daily both
on weekdays and during the weekend, tha aumber smoked by each man during

the maximum smoking period of his life and the age at which each man
started amoking.

Theres was no significant difference in the number of cigarettes smoked on
weelkdays between both groups of cases and the 'healthiest®’ controls (see
Figures 3 and 4), and similar results were found for 'average' controls.
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15.

Analysisz of weekend smoking showed that more Tico cases smoked 25 or
more cigarettes per day than did the Tuco healthiest controls

(Figure S5). No such differencs was found to exist with average
controls. Comparinr the weekend smoking habits of PVC factory and
foundry Twco cases, it was found that a larger propertion of foundrymea
smoked mcre than 25 cigarettes per day (Figure 5), For the FZV; men,
more cases than average controls smoked 25 or more cigarettes per day

at weekends. This difference was not seen between cases and healthiest

controls.

Corsideration of the number of cigarettes smoked during a man's maximum
smoking period zhowed that of the men at the PVU [fzctory, five of the
13 Tu.co cases, compared with rone of the six Tuco'healthiest® controls
had smoked a maximum of 25 or more cigarettes mer day (Figure 6). out

this difference in propcrtions could easily have carisen bty chance.

The agze at which men started smoking was also examined., There were
significant differences between cases and controls. Of the 20 Tico
cases who were current smokers, eirnt had started smoking by the e of
1% compared with nne out of the 14 'healthiest' controls and 16 had
started by the ace of 14 compared with five out of tre 14 'heslthiust!
controls (Fizure fa), whrile the [igures for averare controls wers that
six out of 15 had started smoking by the age of 16 (Figure 2v). Of
the 13 FEV; cases who were current smokers, saven had started smoking
hy the age of 16 compared with two of the 11 'healthiest'’ controls
(Figure Sa). These differences were not seen betweer cases and
'average' controls (Figure 9b). ‘

+

In conclusicn Tigo cases and 'healthiest' controls and FEV, cases and
'avarage' contrels differed in the number of men scmoking 25 or mors
cigarettes per day at weekends. A similar difference was found between
TLco cases at the PVC factory and the foundry. I geqeral, cases
started smoking at a younger age than controls, 5

pLng1 N



16.
4, DISCUSSION

The present study had two aims. First, to describe the lung functiom,
particularly the Tico, of current and past employees of a factory
manufacturing PVC, and zeek evidence of a poasible excess of men whose
Tuco was abnormally low. Second, to axamine the relationship between
Tuco and occupation and other perscnal and environmental factors by a
case-control study, in which the cases ware men with lowest gas transfer
factor after allowing for age, height, weight and smoking habit.

Men from'a nearby foundry were included in the study in order to increuse
the nuaver of men with low or no exposure t: possible respiratory

hazards at the PVC factory, bu:t who were exposed to similar environmental
conditions sutside their workplace. In all 2£5 men from the PVC factory

and 219 zen from ke foundry were included iz the Tuico analysis.

The TLco residusls among this combined popuiation conformed spproximately
to & Normal distribution after allowing for age, height, weight and smoking
pRbabit, and did not suggest an undue excess of extrecely low values. This
$indicated that it was unlikely that a substantial number of men in the

hole populatinn were sufferin; from a clinically important reduction of

In the case-conirol study the 31 men with the lowest Tuco after allowing
for age, height, weight and smoking habit were selected as 'cases'.

This does not imply that all 31 were suffering from lung discase, but
among them were 15 men whose Ti.co was less thax 7G% of the value predicted
hy published normal values, a lovel which would generally be regarded as
abnormally low, Among the 19 cases at the FVC factory the.paxgprn of
lung functior accompanying the low Tuco was that of definite airflow
obstruction in four men, and possible airflow obstruction in another seven
men, suggestirg the presence of emphysema. The remaining eight men did
not have evidence of airflow obstruction or reduction of their lung
capacity (wital capacity). This pattern is unusual in clinical practice,
and may possibly reflect pulmeonary fibrosis or disturbances of the blood
flow in tke lungs. The degree of reduction of transfer factor of carbon
mopoxide and associated airflow obstruction might have been sufficieﬁt to

cause hrasthlessness on exertion in some of these men.
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This conjunction of findings suggests that an unknown environmental or!

17.

The possible contribution of occupation in causing these lung function
sbnormalities was examined by comparing the occupational histories of
the cases with those of ceantrols. Two groups of controls were
selected; one group {rom men with values of gas transfer near the

mean for this population; the other group from those with values
towards the high end of the rangs ('average' and ‘healthisst' coatrols).
The reasons for choosing two such groups were that men with near average
values may have included some whose lung function had been slightly ’
affected by noxious influences, while those with very high values wers
least likely to have been affectéd by noxious influences, but also cculd
conceivubly include men who were highly resiztant.ta these influences,

snd would therefore not be suitable for the comparisons made in this
[ ) t“dy .

The PVC workers were slightly over-represented among the cases with low
Teco, though this difference could easily have arisern by chunce. Men
who had worked on jous at the PVC factory which were close te the
pressarc vessels where exposure to VCM was most likely to have occurred
in the paat, were also slightly $ver-represented mmong the cases, and
this difference appruached statistical significance at conventional
levels, -

There was, furthermore, an association between low gas transfer factor
and a history of having workad at the PVC factory before 1375, This
date is important because it was at this time that, in the light of
irformation about some of the potential hazards of VCH, exposure to this

gus wus drastically reduced. This association between low gas transfer 3

factor and working before 1975 was demonstrated by compariscn with the
‘healthiest' controls, the ‘average' controls showing an inteimediate
pattarn of association not statistically significantly different from

tha cases. This association with working before 1975 was not found
among foundry workers,

personal factor or factors assoclated with working at the PVC factory
before 1975 might have been responsible for some impairment of the gas &3
transfer factor in socme of these men. The most ocbvicus candidate

for suspicion is VCH, exposures to which are known to have

94051 1dn
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Ebeen mueh higher than post-1975 levels., Some support for this is
‘ provided by published case reports of VOK .waorkers with impairment

of gas *ransfer factor, but proef of aasociation has been lacking
(LANGE, 1973 DARKE, 1076)

though it is possihle that many workers throushout the factory were
exposed to a lesser degree, It is alsc nossible that exposure to
respirable FVC dust may have contributed to the low gas transfer

factors, for this dust has bYeen shown in other studies to be
assaciated with impairment of other aspects of lung function (though
not the gas trarsfer factor) and slight cheat radierfraphis
atnormalitias (MASTKANGELO st al., 1979; SGUTAR et al., 1980).
There was no evidence tc suggsst that a current risk to respiratary
health exists at either the PVC factory or foundry.

Some differences in smoking habit were fourd between cases and controls,
non-smokers heirng slightly commoner among controls, and heavier asmcgkers
slightly commoner among the cases. The czces tended to start smoking
at a slightly ycunrer ase, Ve do not know if these small differences
in smoking habit were sufficient to account for the reductions of gas
transfer factor in the cases, but they would seem unlikely to a2ccount
for the whole of the differences hetwesn cases and controls.

While the response rate among currently employed workers wes excellent,
that for those men who had left the PVC factory was low (39%). I¢ the
meps not examinad had included either an excess or deficiency of men with
impaired gas transfer factor compared with the population examiped, ‘
then the analysis of the distritntion of values among the population
seen could be urrmpresentative to that extent.

3} A sirilar analysis for ancther lung function test, forced expired volume
;f in one secnnd. was carried out for the PVC workers only. Wwhile some
’gyﬂmen did have impairment of this test result as would be expected in an
:i industrial population of this kind, no associations with occupation

2 could be demcnstrated.
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19.
S« COHCLUSIONS AND RECOMMENDATICNS

We found no aviderces of an unexpectedly large numhsr of men with
impairment of their luns gas transfer factor among either PVC

factory or {oundry employees. There was, hcwever, a amall number of
men {n both factories with impairment of their transfer factor.

This cauld not be shown to be associated with current working
conditions at either factory, but the pattern of results among FVC
workers suggested that there was an association between impairment

of the gas transfer factor and a history of working in the PVC factory

before 1G75. Trere was also evidence that heavy smeking was
associated with impairment of gas transfer.

These findinrms give scme support to the hypothesis that werk in th
PVC faztory hefore 1975 involved exposure to a suhstance that caused
imzairment of lung function in a small numter of men. Th2 results
suggest that more detailed studies of tre importance of exrosure to
vinyl chloride moncmer, polyvinvlcrloride, swmoking habi® and other
passidble factors in causing impairment of lungs function would be
desirable, tog:ther with a clinical assessment of the extent of lung
damage in selectad men.
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TABLE 1

as5.

Classification of all jobs at Vimatex into

six broad occupational groups.

Broad eccupational
gxoup

Jobs includad in group

All men working in reactors 1 anmd 2 ¢
Dryer room B operators **

Dryer room Lead, A and
A/3 cperators .

Warehousemen, asirntenance staff,
laboratory staff and drivers wee

General stafr who visit plant,
8.8, chilt supervisors and foremen

Management and vifice staffl

These men are mo=% likely to have bee.: exposed to high
soncentrations of VCM {n tlhi* pasc,

These nen are involved in the bagging of PVC and are
provably exposed to higher corcentraticns of dust than
other workers in the dryer buildings.

These men are potentially

productsa.

exposed to all rawv materials and
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26.

Clagsification of foundry jobs into seven broad occupational groups,

Cccurpational group

No.

Descrintion

Joba included in group

Furnace and melt:

Sand and blasting:

Hetalwork:

Cenerel and other:

Paint and dipving:

Casting:

Fattler:

furnace operator, bhurnar, charger, weicher,
skirmer, smelter, sl&mman, ladle repairer,
concrete liner,

coremaker, sand tester, sand mixer, shot blaster,
core strippsr, knock-out, brick amaker.

ariller, grinder, blacksmith, tinsmith, wagon
repairer, rore swuliicer, cupcla regairer,
maintenance fitter'sz mate, maintenance fitter,
turner, trainee iz the %“raining centre, borer,
saw renairer, wagon remairer, milling operator,
inspector in machins shop, welder.

lasbouser, patternmaker, plater, plutelayer,

pine loader, crane driver, driver, cleaner,
technician, trainee, pipe roller, slinger,
quality control, joiner, greaser, inspector,
saddler, hricklayer, core iasvector, despatcher,
hydraulic attendant, shunter, nlumber, pipe
recorder, runner operator, sawyer, staff, power
house attendant, canteen, tool room attendant,
electrician, storeman, ore crusher, ram driver,
safety afficer.

dipper, paint sprayer, painter and decorator.

caster, manhole maker, socket man, machine
moulder. -

fettler
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TABLE 3 Features of Ti.co cages, controls and total survey
Mean (ard stardard deviations) of agse,
height, weight and Tece.

population.

Trco Grouvs

Total survey

Controls | Control
Cases | (average) (healthiast) population

Number of men 31 N 31 484
Age Mean| 41.8 42.3 40.3 42.2
(y=s) (sp)| (10.2)} (12.5) (11.3) (11.9)
(cma) (sp)} (7.1} (6.6) (5.6) (7.0)
Waight Mean! 32.7 4.3 79.2 30.2
(kga) ()| (13.3)] (18.5) (9.5) (12.6)
PTrLeco Mean] 22.2 3t.8 37.3 30.5
(m}/min, ma Bg) (SD)! (4.1) (2.9) (4.3) (5.9)

SEns) dn
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28.
Peatures of FEV, cases, c;'.mtmls and total survey
population. MYean (and standard deviations) of age,
height, weight, Tica, PEV, and FVC.
Twco Groups
Total survey
Controls | Controls
Cases | (average) | (healthiest) | POPwlation
Rumbar of men 30 30 0 264
‘G‘ llea.n 43-3 41-3 4201 4202
{vrs) (3p) | (11.0) (12.5) (12.0) (11.8)
Reight Mean | 176.0 174.5 175.5 174.3
(czs) (sz) | (7.4) (6.6) (8.0) (7.1)
Weight Mean 82.2 78.4 80.4 80.4
(kgs) (sp) |} (13.3) (10.1) (11.5) (12.3)
m’. Hean 207 3-9 4'5 3-7
(litzes) (sv) ¢ (o.7) (e.7) (0.8) (0.9)
FYC Mean 4.1 €.t 5.9 4.9
(1itzes) (sp) | (e.9) (0.8) (0.9) (1.0}
Treo Mean | 29.1* 32.3 31.3 30, 5%+
L (nl/min.muBg) (SD) (6.8) (6.0) (é.5) (6.1)%"
* Valu_a based on 29 obaservations.

#* Jalue baged on 262 observaticns,
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TABLE 5 Age diatribution of Tico cases and controle and the total survey population
by employment atatus,
Age rangea in ynars
Total
O-2h [25 - 34135~ b4 |45 - 5k (55 - 64| 65+

CASES

PVC current wen 1 4 [3 1
PVC leavers 2 2 2 L 1 8
Foundrymen 1 4 3 b 12
AVERAGE CONTROLS

PYC current men b 1 3 9
PVC leavers 1 h
Foundrymen 3 5 b L 18
HEALTHIEST CONTROLS

PVC current men 2 3 2 4 1 12
PVC leavers 1 2 3
Foundrymen 2 6 b 3 16
TOPAL POPULATION

PVC current men 9 37 57 35 26 s} 164
PYC leavers h 24 >3 19 " 10 101
Foundrymen - 17 LT} 50 60 b 0 219

4805} 4N
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TABLE 6 Eaployment status of Tuco cases, controls and total

survey population.

Number of men in each

smployment group with percentages. in brackets,
Four men excluded, see text,

PVC PVC !

s:§:::: Leavers Foundry :Total
Total survey population | 164 101 219 L34
Cascs 1 (3] 8 (53] 12 28) 3
Controls (average) 9¢ 28)| b (27 18 ( 39)] 3
Controls (healthieat) 122 ( 33) 3 C 201 16 ( 35} 31
All 32 {(1c0}| 15 (100} | W6 (100} a3 ’

TABLE 7 Employment status of FEV; cases, controls and total

survey population.

Number of men in each

employment group with percentages in brackets,
Three men excluded, sea text.
percentages not adjusted to justily totals.

Rounding error of

Ve
- E::;::: izgvcrs Total
Total survey population | 165 ' 99 264
Cases 1 ( 26) | 16 ( 43) 3Q
Controls (average) 18 { 34) 12 ( 32) - 30
Cb;trols Fhealthieat) - 21 ( ko) 9 ( 24) 30
AL 53 (100) 37 (100) 90

(A3
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