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AT A FACTORY MANJFACTURING POLIVINYLCELCRIDE

by

MH Lloyd, S Gauld, L Copland, CA Soutar

ABSTRACT

We have conducted an epidemiologzical study to investigate
a report that some men working in a factory manufacturing
polyvinylehloride {(PVC) had abnormally low values of cne
Y1ung function test, namely the sirgle breath transfer
factor for carbor mcnoxide (Twvco).

We studied 265 pre=ent and past employees of the PVC
faetory, and 219 men from the workforce of a nearby foundry.
The foundrymen were included to increase the number of men
with little or no e.posure to possible respiratory hazards
at the PVC factory. Each man's Tico wes measured, and
smoking history and detailed occuvational history obtained.
More detailed lung function tests were carried out on the .
PVC workers only (forced expiratory flow-volume curves).

The study consisted of two parts; measurement of the Tuco
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 eviderce of an excess of men with low
values of Tico; and a case-control study. In this, men
with the lowest Tuco after allowing for age, height, weight
and smoking habit were selected as cases, and their occupat-
ional history compared with that of two groups of controls;
one group selected from those with near average gas transfer
values, and another group from those with the highest values.

The Tico results among this comhined population conformed to
a Normal distribution after allowing for age, height, weight
and smoking hahit, and did not suggest that a suhstantial

numher of men had ¢linically important impajirment of their
Tuco.

The 31 m n select d as 'cases' included 15 men whose Tico was
abnormally low (less than 7%% of published predicted values),
of whom $&“were FVC workers and were foundrymen.

Among the 1¢ cas s working at the PYC factery the pattern of
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accompanied by evidence of airflow bstruction in 11 men,
suggesting the presence of emphysema, hut was an isolated
functional abnormality in the other eight, possibly
suggesting the presence of pulmonary fibrosis or
abnormalities of lung perfusion.

PVC werkers ware slightly over-represented among the cases,
although this difference could easily have arisen by chance,
Men who had woiked on jobs at the PVC factory which were
close to the pressure vessels where exposure to vinyl
thloride 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
cenventional levels. There was, furthermore, a statistically
significant association between low Tico 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 the light of information about some of the potential
hazards of this gas.

The cases ircluded slightly more smokers than the controls,
and those cases who smoked, smoked slightly more heavily than
controlse.

The relative importance of these and other factors in causing
the lung functional abnpormalities is not clear, but these
findings give some suvvort to the hyvpothesis that work ir the
FVC factory befora 1675 involved exposure to a substance that
caused impairment of lung function in a small number of men.

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

The results suggest that more detailed studies of the relation-
stips with vinyl chloride monomer, rolyvinylchloride, smoking
habit and other causative factors would be desirable, together
with a c¢linical assessment of the lung damage in selected men.




1. INTRODUCTION

The health of workers employed in the marv¥acture of polyvinylchloride
(PVC) has been a cause of councern during rescent years, Some adverse
effects of exposure to vinyl chloride monomer (VCM) are well
recognized, but lung disease in man has nct! been shown tc be related
to exvosure to VCM. Exposure to airborne FVC dust, however, has been
shown to cause slight impairment of lung function and slight chest

radiograzhic abnormalities.

Vinvl chloride is the basic raws material used in the pruduction of PVC.
Although the manufacturing process was first developed in 1928 in the
USA it was not until 30 rears later that evidence of the texic effacts
of vingl chloride erposurs begnan to aceurmulate. CCRIIZE (164%). was the
first to descrine acro-osteolysis in reactor c¢cleansers in Belgium aad in
tne following year SUCIU (1967) described Ragynaud's thenomenon among
workers in a rVC factory. Cranges in the skin and internal organs were
subsenuently cecognized and in 1974 the tewvm 'vinyl chloride disesss’
was used to describe the syrndreome which Las many featureg in common with

scleroderma (VELTMAY =t al., 1975).

The hepatic effects of exposurc to VCM have aroused the most interest

and include ncn-malignant changes. It was the discovery of the
association between vinyl chloride exposure and angiosarcoma of the liv r
(CREECH and JOENSON, 1974) which caused the greatest concern and affirmed
the need for stricter control of exposure levels. Ia 1975 regzulations
were introduced which established a ceiling exposure value of 30 pérts
per millicn (ppm) and an eight-hour time weignted average (TWA) of

10 ppm. In 1980 the permitted maximum exvosure was reduced to an

anrual average of 3 pom.

1.1 Resviratory effects of YCM and PVC

The work described in this report was confined to a study of the lung
function of workers in a factory producing PVC whers men were exposed
potentially to VCM, PVC and the other compounds used in the manufacturing
process. Previocus studies involving the use of animals, observation on
patients and epidemiological surveys. have provided information on th

potential resviratory effects ol these comrounds.

£09200 S8
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1.1.1 Animal studies A -

The toxicity of both VC and FVC has been investigated in animal
experiments. PRODAN et al. (1975) exposed guinea pigs to 10% vinyl
chloride concentraticn for two hours daily for periods of up to three
months., At antopsy the lungs of all exposed animals showed the
presence of fibrosis which was most severe in the animals which had
had the longest exposure time. AGARWAL et al. (1978) studied the
effect of intratracheal injections of PVC dust in rats and found that
inflammatory changes were induced in the terwinal and resgiratory
alveeli and that granulomatous lesions associated with multinucleated
giant cells developed. Simiiar giant cells and histiocytes were
identified in the alveol. cf the lungs of small mammals which were

kept in the bagging area of a PVC factcry (FRONGIA a2t al., 1974).

1e1e2 Clinical studies

There have been icolated case rerorts of pulmonary disease in workers
employed in factories m»nufacturing PVC.  ARNAUD et al. (1978)

studied 2 53-year-old man who haﬁ worked for 23 years in the bagzing
plant of a PVC factory. His chest X-ray showed microncdulzr shadowing
and iung biopsy revealed large numbers of macrophages containing
particulate material and moderate diffuse fibrosis and‘ a few alveolar
granulomata. However, his symptoms were few and apart from a slight.
reduction in vital capacity, his lung function tests including his .
transfer factor for carbon mozncxide were normal. Eis disease was
Provably related to PVC dust rather than VCM.

DARKE (1976) investigated 14 men who had been employed in a PVC

manufacturing plant exposed to VCH and all of whom complained of

breathlessness. He found that taeir chest radiographs were normal.

In aix of these men transfer factor for carbon monoxide is reported '

as being impaired but no measurements or details of other lung function

t sts are given. Lung biopsy from one of the men showed focal
alveclar wall thickening and macrophages present in alveolar spaces.
LANGE _t al. (1973) described some cases of VC workers with impairm nt
of transfer factor for carbon monoxide, but the relationship with

occupation was not clear. : . . )

-
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1.1.3 Epidemiological studi s

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

in type, was found by MILLER et al. (1975) and LILIS et al. (1975; 1976)
among workers in two PVC manufacturing plants in the United States of
America 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 tke lung funetion of workers in a PVC plant 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 messured personal exposures were available.  VERTKIN et al. (1970)
studied 36 PVC workers in the USSR and found a high prevalence of chest
radiograph abnormalities but the maicrity of the workers had normal lung
funciion tests. CHIVERS et al. (1930) similarly found no apparect
impairment of lung function among 509 employees in a PVC factory of whom
104 were exposed to PVC dust omly, 112 to non-chlorinated solvents only
and the remaining <93 ware exposed to a mixtnwre of both., HNo differenc
between the three groups was identified and the obtserved impairment of
lung function in some men was related entirely to the effects of smoking.
However, measured personal exposures were not available for these zen.

A study of 818 men currently and previously employed at a PVC manufa;turing
plant (SCUTAR et al., 1980) in which estimates of personal exposure to PVC
dust were based on detailed occupational histories and current
measurements of dust level= in the factory showed a statistically significant
reduction in tcsts of lung function among men with the highest PVC dust
exposure, and some of these men had amell rounded opacities on their hest

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

considered to be normal. No relationship was found between exposure to
PVC dust and impaired transfer factor for czrbon monoxide.

509200 S®3Y

1.2 The present study

The present study was request d by Vinatex Ltd., and was carri d out with

the full agreement of management and wcrkforce, and arose from their
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transfer factor for carbon monoxide, appeared to be abnormal. Tte —
transfer factor for carbon monoxide measures the ability of the lung to
exchange gases between the inspired air and the blood. The study was

designed to describe the distributions of various measures of lung

function, including the transfer factor, in current ard former employees

at the PVC factory 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 associations between

ahnormally low lung function values and personal, cccuvational and

envircenmental factors.

The total survey vpopulation included the workforce of two facteries;

one was the PVC factorvy of interest and the other was a large iron

found=-y situated a few hundred yards away.

1201 The PVC factory

The plant had bYeen in operation since 196¢ and for most of that time had
vroduced susvension polymer. For a pericd of three years (1971 - 1974)
emulsion polymer, which has a smaller partic’e size than suspension

pclymer, had been manufactured in one of the twe reactor buildings. |

During the manulfacturing process vinyl chloride is pumped from the tank
farm storage area‘via another storage tank to two reactor buildings.
Under conditions of increased temperature and pressure and in the
presence of other substances acting as catalysts and surfactants,
polymerization of VCM takes place. The resulting PVC is piped as a
slurry to tlending tanks and is then dried by centrifuging and rotary
drying. The dried polymer is sifted and either removed tv storage silos
or begged and stored in the warehouse before veing dispatched, The
manufacturing process is operated in batches throughout the 24 hours and v
the vorkforce is divided into four shifts. In the reactor and dryer
buildings men usually start as 'B* opératora and can then proceed to be
'A' operators and sometimes 'Lead' operators, '

Available data suggest that prior to 1975 levels cf VCM in the fact ry

~ were considerably higher than the current low 1 vels. During the period

1969 - 1975 men working in th reactor buildings, and particularly those

involved in the manual cleaning of reactors, are likelv to have been




Se.
1,2.2 Th__foundry

The foundry was situated near the PVC factory in the same industrial
valley and manufactured moulded steel products. The manufacturing
process involved the production of molten steel which was cast into

appropriate moulds to which various finishing techniques were applied.

109200 S®Y
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6.
2. METHODS

2.1 Selection of the survey population

All 177 men currently employed at the PVC factory were invited to take
part. The names of arother 263 men who had worked at the plant since
it started production in 1959 were identified from factory records and
attempts were made to trace and invite all these men using information

supplied by the management, union representatives and local records.

At the foundry the study was confired to 285 men selected randomly from
the 1,085 current mals employees.

2.2 The medical survey

The factories were visited by the medical survey team and men were seen
by appointment.

Details of each man's smoking history were recorded by a trained clerk
using a questionnaire which was a modified version of the smoking section
of the Medical Research Counci) Questionnairs of Respiratcry Symptoms
(MRC, 1976) (see Avpendix 1).

A full occupational history was reccrded for each man by a trained clerk
who had previously visited both factories and was familiar with their
laycut 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
thenm noted.

211 PVC factory employees had measurements of forced expiratory volume in
one second (FEVy), forced vital capacity (FVC) and gas transfer factor
for carbon monoxide (Tu.co). For foundry workers, approval was ootained
for measurement only of T-co. Measurements of FEV, and FVC were made
using an electronic dry rolling-seal spirometer (Ohio 800). - After a
practice expiration, three forced expirations which were considered to bve
technically satisfactory from a maximum of 8ix were recorded. The
maximum values { FEV, and FVC, not necessarily in the same breath, were

used for th analysis, and th ratio of FEV; to FVC was deriv d from th se
figures.
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Single breath gas transfer factor for carbon monoxide (Treo) was
measured by the breathholding method of MEADE et al. (1965) based on
the modified Krogh technique. An automated spirometer/gas sampling
system {Transfer Test B, P.K. Morgan Ltd., Chatham, Kent) was used and
duplinate estimations were made for each man at least 10 minutes apart.
Technically unsatisfactory tests were rejected and repeated (i.e. if
the inspired volumes of the two tests differed by more than 10k, if the
spirograms of the manoeuvres were of different shape or if the rates of
inspiration and expiration were too slow). The mean of the results of

the two satisfactory tests was used in the analysis,

Each man was weighed fully clcthed and his standing height measured.

2.3 Methods of aralvsis

The data were studied initially by summary descriptive statistics and
multiple linear 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 cas s

and controls were selected.

2+3.1 Classifiéation of smoking historiea

Men were assigned to one of three smoking categories; liifelong non-
'smoker, current smolker and ex-smoker. No distinction was made in th
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 cigarettes.

2.3.2 Analysis of data from total survevy population

The distributiona of lung function and various expiangtory variables

609200 S84

* A standardised residual, SR, is the difference between an observed
lung function value and its predicted value from multiple linear
regression analysis, divided by the estimated standard deviation of
the unexplained variation from this model.

i.e. SR = (observed value - value predicted from fitted ouation)
° - (estimated standard deviation f the prediction)
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were examined for systematic patterns amongst current and former employees
of the PVC factory and current employees at the foundry. This was
further explored for Tico and FEV, by multiple linear regression analysis

taking account of age, height, weight and smoking.

The relationship between a man's observed 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 and correspondingly men with impaired lung function would hav

the largest negative SR values.

The dis*ribution of SR values wa3 examined to sce if there was evidence
of an unerpectedly large number of mer with impaired lung function and if
so, to examine if either PVC factory or foundry employe=s were over-

representad amongst thesec men.

2.3.3 Selaction of cases and controls

For each lunz function variable those men with the largest negative SR
values were chcsen as cases. Two groups of controls were selected
rendemly, firstly from those men whose SRs were clustered around zero 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 were studied

for systematic differences. Fisher's exact test, chi-squared test for
2 x 2 contingency tables and chi-squared test for linear trend were used
vhere appropriate.

Classification of smoking and employment histories

Smoking histori s wer classified as they were for the total population
(see Section 2.3.1). Additional information about the number of
cigarettes smoked and age of starting smoking was analysed in the cage-
control study. Bread occupational categories w re defined for both PVC
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factory and the foundry (Tables 1 and 2) and th total numb r of years
spent by all cases and controls in each occupational category was
calculated, Additional information was available for PVC employees

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

From the full occupational history, the number of years in ‘'noxious'’
industries was recorded. 'Noxious' industries were classified into
four groups; the coal and chemical industries have certain well
recogrized hazards, while the lung functior of men in the steel indusiry
has been reported to be lower than men in non-dusty employment

(MIGGINS, 1970):; the fourth, designated ‘other', included industri c in
which hazards could possibly arise although they would be less likely
than those of the otner groups (see Appendix 2 for a list of ‘other
noxious' jobs). Employment of men in the manufacturing of PVC oth r

than at the PVC factory was also noted.

£19200 SBH
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3. RESULTS

3.1 Description of total survey vopulation

A total of 488 men was seen consisting 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 {oundry
employees (7& of those invited). Three men (one from each
employment category) did not complete the TLco 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 obtained from three FVC factory leavers and were not
carried out sn the 221 foundrymen and the analysis was tased

therefore on 264 men.

3.2 Analysis cf lung function data from total survey vopuiation

3,2.17 Calculation of vpredicted values and standardised residuals

The effects of age, height, weight and smoking habit on the Tico and
FEV, were studied in this population by multiple linear regression.
The develorment of the regression model used is described in Appendix 3.
Standardised residuals (SR) for Tico and FEV, were calculated for each
man from the final regressiorn model. Thus a man's standardised residual
Tuco represents the amount by which his Tico value differs from that
predicted by his age, height, weight and smoking habit after standard-

- isation.

3.2.2 . Distrihution of standardised residual values of Tviso and FEV,
for total survey novulation

After allowing for the above factors, the standardised residual values
of Treco for the total survey population showed a symmetrical
distribution, with no greater number of men in the negative tail of tae
distribution than would be expected to have occurred by chance. This
indicated that there was no evidence that a substantial number of men
had suffered a clinically important reduction of their Tico. However,
for the FEV; SR distribution there were slightly more extreme negativ
values than extrem positive values (Figur s 1 and 2).

3.2.3 S lection of cas s and controls

o

It was decided that about 30 cases would form a study group of

et e m S mo [ R N - - ead




PO R T

1.

control group of 31 men was selected randomly from thos men with SR
values between - 0.25 and + 0.75 inclusive {Tico 'average' controls).
A second control group of 31 'extra-healthy' men was selected randomly
from those with SR values in excess of + 0.75 (Tico 'healthiest!'

controls),.

Similarly 30 men with an FEV; SR value of less than - 1.1 were

selected as FEV, cases and two control groups, each of 30 men, were
selected randomly Ifrom those with an SR value between - 0.25 and + 0.75
irclusive (FEVy 'average' controls) and from those with an SR value in
excess of + 0.75 (FEV; ‘healthiest' controls).

3.3 General features of cases, controls and the total survey
population
Jede Ace . height and weichti

The mean age, neight and weight of Twco cases and contrels, FEV, cases
and controls and the total population are given in Tables 3 and 4, Tico
cases and controls were of similar age but cases teaded to be taller than
the control groips. Although the mean ages of TiLco cases and control
groups wera similar, study of the age distributions (Table 5) suowed an
excess of current PVC factory employees in the 45 - 54 age group when
compared with both groups of controls and the rest of the puopulation.
FEV, cases were slightly older and tailer than the controls and the rest -
oY tne nopulation but there was no difference in the age distribution

betweer employment groups or cases and controls.

3.3.2 Emnloyment status and smoking habit

The employment status of cases, controls and the total population is

shown in Tables 6 and ?, PVC factory employees were slightly over-

represented amongst Tt.co cases but this could easily have occurred by
chance. ’

Differences in smoking habit are discussed in a later section.

3.3.3 Lung function

The mean values of Teco for Tie cases and controls and the total

population are shcwn in Tabl 3 and mean values of Tnco, FEV; and FVC for

£19200 SBY
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Observ d Tuco and FEV, values were expressed as a percentag of values
predicted on the basis of Cotes's regression model (COTES, 1979) and
the distribution of these values for cases, controls and the total

population are shown in Tables & and 9.

3.h Clinical deserimtion of Turo cases and FEV, cases

Fifteen men (nine FVC workers and six foundrymen) of the 31 Tico cases
had Tvco values below 70% of their predicted values and four of trese
were below 6G% (Table §). Nineteen of the 31 cases were from the PVC
factory and cf those, four men kad FzV, values of less than 8C¥ of
their predicted value and low FEV;/7VC ratios indicating airflow
sbstruction. The remaining 15 men nad FRV, values within tke normal
range although further examiration of their lung function data (furced
expiratory flow-volume loops) suzzested that seven of thcse mipht have
=ild airflow obstruection. Details of the 10 PVC wcrkers with the

lowest Tico standardised residual values are given in Tahle 10.

Of the 30 FLV, cases, 13 had observed FEVy values below §Ci of their
vredicted vaiues and 10 of these were less than 70% (Table 9. The
majority (10) of the 13 men with reduced FEV, had FEV,/FVC ratios velow
7CGé suggesting airflow obstruction. Seven of the FEV, cases were also

selected as Tuco cases.

3.5 Case-contrel study

-

The occupational histeries and smoking habits of cases and controls were
compared in order to explore the otserved differences in their Jung

function.

2.5.1 Occupationa;_histor;gp of cases and controls

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

The majority of PVC workers had work d in mor than one type of job and
in mor than on bhroad occupational cat gory during th ir employm nt with
the company. Analysis of the mean duration of employment in each broad

category failed to show any differences between Twco cases and their
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controls (Table 11), though more cases than controls had worked in

jobs in category 1, those occupations close to the pressure vessels
where exposures to VCM were mostly likely to have occurred in the past.
This difference could easily have occurred bty chance, if PVC workers
alone are considered but if the foundrymea are included, 11 of 31 cases
(35%) had worked in categocry 1 jobs .in the PVC factory, whereas only 10
of 62 controls (16%) had done the same. The difference is significant
at the 75 level. These occupational differences were not apparent for

the FZV, cases and controls (Table 13).
There was also movement between 3jobs at the foundry but there were no
differerces in the pattern of employment cf cases and controls (Table

12).

Pre-1975 emnloyment

¥Following the recognition of the bazards of VCM exposure in 1973, levels
of VCM in the factory were progressively reduced during 1974 and by
January 1975 the exrosure levels were low. The numbers of cases and
controls who had been emnloyed at the FVC fzstory vefore 1st January®
1975 were compared. Seventeen of the 19 PVC worker Twco cases had
been employed before 1975 compared with five ol the 15 'healthiest!
controls and 17 of the 13 average controls (Table 14), Using a X test
for trend, there was strong evidence to suggest a significant increase
in the proportion of men workirg before 1975 over 'healthiest' controls,
'average' controls and cases. Looking at comparisons between groups
only the difrerence between cases and 'healthiest' controls was
significant. Analysis of the duration of employment of men within
different age groups showed that pre-1975 working was seern in younger

as well as in older men (Tables 15, 16, 17). No differences were seen
in the number of men employed before 1975 bétween FVC fac;ory FEV, cas s
and controls (Table 18). A similar analysis of foundry Tico cases
failed to show any relationship with pre-1575 employment (Table 19).

In conclusion there is evidence to suggest that employment at the PVC
factory before 1975 was associated with impairm nt of Twc .

19200 S¥H
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Exposure to emulsion polymer -_

The employment of cases and controls in the manufacturing of emulsion
polymer was studied and compared. No man had been exclusively
involved in the production of emulsion nolymer so man ware divided into
three groupe; thuse who had worked with suspension poljmer only, those
who had worked with both suspension and emulsicn, and theosz who had not
been exposed to either. Similar proportions of TLco cases and controls

(Table 20) ard FEV, cases and controls (Table 21) are represented in each

djof these three groups. There is no evidence that exposure to emulsion

ﬁ*polymer adversely affectad the lung function of those who worked with

.

u v
o
v
o
=
N
N
-
N

Previous empnloyment in other industries

Thers wzs ro evidernce that the observed differences batween cases and
controls could be explained on the basis of previous emplcyrent in
industries other than the PVC factory or the foundry. No differences
were found either in the numbers of cases and controls or in the mean
numbers of years spent by them working in other industries which might
be considered noxious {_.2. 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

& higher proportion of Tico cases {65%) were current cigarette smokers
than were either group of controls (4d%) or total survey population (43%)
(Table 25). This difference was not seen between the FEV; cases and
controls bul there were more ex-smokers among fhe FEV, 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, the aumber smoked by each man during

~ the maximum smoking period of his life and the age at which each man

- started smoking.

Th re was no significant differenc in the number of cigarettes smok d on
we kdays between both groups of cases and the 'healthiest' controls (see
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Analvsis of weekend smoking showed that more Ttco cases smoked 25 or
more cigarettes per day than did the Tico healthiest controls

(Figure 5). No such difference was found to exist with average
controls, Comparing the weekend smoking habits of PVC factory and
foundry Tvco cases, it was found that a larger proportion of foundrymea
smoked mcre than 25 cigarettes pver day (Figure S). For the FEV, men,
more cases than average controls smcked 25 or more cigarettes ver day

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

controls.

Corsideration of the number of cigarettes smocked during a man's maximum
smoking period showed that of the men at the PVU Factory, five of the
13 Tuco cases, compared with rone of the six Tuco'healthiest' contrals
had smoked a maximum of 25 or more cigarettes per day (Figure 6). but

this difference in rropcrtions could easily have arisen bty chance.

The age at which men started smoking was alsc examined. There were
significant differences between cases and controls. Of the 20 Tico
cases vwho were current smoksrs, eipnt had started smoking by the ape of

15 compared with one out of the 14 'healthiest' controls and 16 had

£19200 S»Y

started by the ame of 16 compared with five out of tre 14 'heslthiest' -,
controls (Fizure Ra), wrile the figures for averare controls were that

six out of 15 had started smoking by the age of 16 (Figure 8b). Of

the 13 FEV; cases who were current smokers, seven had started smoking

by the age of 16 compared with two of the 11 'healthiest' controls

(Figure ©a). These differences were not seen between cases and

'average' controls (Figure 9b).

In conclusion Tico cases and 'healthiest' controls and FEV, cases and
'avarage' controls differed in the number of men smoking 25 or more §
cigarettes per day at weekends. A similar difference was found betw en

TLco cases at the PVC factory and the foundry. In general, cases
started smokinrg at a younger age than controls.
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4, DISCUSSION

The pressent study had two aims. First, to describe the lung function,
particularly the TLco, of current and past employees of a factory
manufacturing PVC, and ceek evidence of a possible excess of men whose
Tuco was avnormally low. Second, to examine the relationship between
T.co and cccupation and other personal and environmental rfactors by a
case-control study, in which the cases were 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 increase
the numver of men with low or no exposure t: possible respiratory

hazards at the PVC factory, but who were exposed to similar envircnmental B
conditions outside their workplace. In all 265 men from the PVC factory

and 219 men from the foundry were included iz the Tuico aralysis.

The TLco residuzls ameng this combined popuiation conformed approximately
to a Normal distribution after allowing for age, height, weight and smoking .
abit, and did not suggest an undue excess of extremely low values. This
indicated that it was unlikely that a substential number of men in the
hole populatinn were sufferiné from a clinically important reduction of

he Tico.

Ir the case-control study th; 31 men with the lowest Tico after allowing
for age, height, weight and smoking habit were selected as ‘'cases'.

This does not imply that all 31 were suifering from lung discase, out
among theﬁ wers 15 men whose Ti.co was less than 7C¥ of the value predict d
by published normal values, a level which would generally be regarded as
abnormally low. Among the 19 cases at the PVC factory the patterm of
lung function 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
nst have evidence of airflow obstruction or reduction of their lung
cdpacity (vital capacity). This pattern is unusual in clinical practic ,
and.mhy'possibly reflect pulmonary fibrosis or disturbances £ the blood
flow in the lungs. Th degre of r duction of transfer factor of carb n
monoxide and associated airflow obstruction might have b en sufficient to

cause breathlessness on exertion in som of these men.
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The possible contribution of occupation in causing these lung function
abnormalities was examined by comparing the occupational histories of
the cases with those of controls. Two groups of controls were
selected; one group from 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 range ('average' and 'healthiest' controls).
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 were
least likely to have been affected by noxious influences, but also cculd
conceivably include men who were highly resistant to these influences,
and would therefore not be suitable for the comparisons made in this

study.

The PVC workers were slightly over-represented among the cases with low

Tico, though this difference could easily have ariser by chance. Men
who had worked on jobs at the PVC factory which were c¢lose to the
pressure vessels where exposure to VCM was most likely to have occurred
in the past, were also slightly over-represented among the cases, and
this difference approached 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 1975, This
date is important because it was at this time that, in the light of
information about some of the potential hazards of VCM, exposure to this
gas was drastically reduced. This association between low gas transfer
factor and working before 1975 was demonstrated by compariscn with the
'healthiest' controls, the ‘'average' controls showing an intermediate
pattern of association not statistically significantly different from
the cases. This association with working before 1975 was not found
among foundry workers. ‘

‘This conjunction of findings suggests that an unknown environﬁental or
personal factor or factors associated with working at the PVC factory

b fore 1975 might have b en responsible for some impairm nt of the gas
transfe- factor in some of these men. The most obvious candidate

for suspicion is VCM, exposures to which are known to have
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S been much higher than post-1975 levels., Some support for this is —
()]

ag provided by published case reports of VCVM .workers with impairment

of gas *ransfer factor, but proof of association has been lacking

. " o — gnest ¢
e e =y e L

though it is possihle that many workers throughout the factory were
It is also vossible that exposure to

. - g e,
Xpasures -would-havernsamrasy
_---‘-.;"-_ -

exrosed to a lesser degree.
respirable FVC dust may have contributed to the low gas transfer

factors, for this dust has been showrn in other studies to be

associated with impairment of other aspects of lung function (though

not the gas trarsfer factor) and slight chest radiosraphis

atnormalities (MASTRANGELO et al., 1979; SCUTAR et al., 1980).

There was no evidence tc sugmest that a current risk to respiratorvry
a'health exists at either the PVC factory or foundry.

Some differerces in smoking habit were fourd between cases and controls,

non~-smekers being slightlv commorer amone controls, and heavier smokers

glightly commoner ameng the cases. The cases lended to start smoking

at a slightly ycunzer age, Ve do not know if these small differences
in smoking habit were sufficjent to account for the reductions of gas
transfer factor in the cases, but they would seem unlikely to zccount

for the whole of the djirferences hetwean cases and controls.

While the response rate among currently employed workerg was excellent,
that for those men who had left the PVC factory was low (3%). If the
men not examinoed had included either an exsess or cdeficiency of men with
impaired gas transfer factor compared with the population examined, l

then the analysis of the distribution of values among the population

., ) seen could be urnrepresentative to that extent. . .

A similar analysis for another lumg function test, forced expired volum
in one secnnd, was carried out for the PVC workers only. While som
men did have impairment of this test result as would be expected in an

industrial population of this kind, no associations with occupation

¢could be 4 mecnstrated.
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5. CONCLUSIONS AND RECOMMENDATICNS

We found no eviderce of an unexpectedly large number of men with
impairment of their lune gas transfer factor among either PVC

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

This csould not be shown to be asscciated with current working
conditions at either factory, hut the pattern of results among PVC
workers suggested that there was an association between impairment

of the gas transfer factor and a history of working in the PVC factory
before 1575. There was also evidence that heavy smoking was

associated with impairment of gas transfer,

These findinrss give scme support to the hypothesis that work in the
PVC factery pefore 1975 involved exposure to a suhstance that caused
imzairment of lung function in a small number of men. The results
suggest that more detailed studies of tke importance of exvosure to
vinyl ¢hloride monemer, polyvviavlchloride, smoking habit and other
pessible factors in causing impairment of lung function would be
desirable, tog:ther with a clinical assessment of the extent of lung

damage in selected men.

129200 S?H
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Clasgsification of all johs at Vinatex into
six broad occupational groups.

Broad occupational
group

Jobs included in group

Al)l men working in reactors 1 and 2 *

Dryer room B operators **

Dryer room Lead, 4 and
A/B operators

Warehousemen, maintenance staff,
laboratory staff and drivers

LR

General stafr who visit plant,
e. g shiftv supervisors and foremen

Management and vffice staff

These men are mcst likely to have bzen exposed to high
concentrations of VCM in the past.

These men are involved in the bagging of PVC and are
probably exposed to higher concentrations of dust than
other workers in the dryer buildings.

These men are potentially exposed to all raw materials

products.

9c9200 S?H
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TABLE 2

26.

Classification of foundry jobs into seven broad occupational groups.

Cccupational group

No.

Bescrintion

Jobs included in group

Furnace and melt:

3and and tiastine:

Fetalwork:

Cenerz]l and other:

Paint and dipping:

Casting:

Fettler:

furnace operator, burner, charger, weirher,
skimmer, smelter, slzzman, ladls repairer,
concrete liner.

coremaker, sand tester, sand mixer, shot blaster,
core stripper, knock-out, brick maker.

driller, grinder, blacksmith, tinsmith, wagon
repairer, rocve splicer, cupola revairer,
mainternance fitter's mate, maintenance fitter,
turner, trainee in the training centre, borer,
saw renairer, wagon revairer, milling operator,
inspector in machinz shop, welder.

labourer, patternmaker, plater, plazielayer,

pire loader, crane driver, driver, cleaner,
technician, trainee, pive roller, slinger,
quality control, jeiner, greaser, inspector,
saddler, bricklayer, core inspector, despatcher,
hydraulic attendant, shunter, plumber, pipe
recorder, runner operator, sawyer, staff, power
house attendant, canteen, tool room attendant,
electrician, storeman, ore crusher, ram driver,
safety officer.

dipper, paint sprayer, pointer and decorator.

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

fettler
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Featur s of Tico cases, controls and total surv y
population. Mean (and standard deviations) of age,
height, weight and Tico.

Tuco Grouns
Total survey

population

| Controls | Controls
(average) | (healthiast)

NMumber of men 31 31 484

Age Mean 42,3 40.3 42.2
(yzs) (sp) (12.5) (11.3) (11.9)

829200 S2?H

Teight 174.0 173.9 173.8
(ems) (6.6) {5.6) (7.0)

Weight 34.3 30.2

(kes) (sD)

TLeo Mean
(m1/min, mm Bg) (SD)

(18.5)

31.8
(2.9)

(12.8)

30.5
(5.9)
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TABLE &

28.

Features of FEV, cases, controls and total survey
Mean (and standard deviations) of age,
height, weight, Tico, FEV, and FVC.

population.

TLeco Groups
Controls | Controls Total survey
Cases | (average) | (healthiest) population
_ Number of men 30 30 30 264
Age Mean 43.3 41.3 42,1 42,2
(vrs) (3p) | (11.0) (12.5) (12.0) (11.8)
Eeight Mean | 176.0 174.5 175.9 174.3
(cas) (sr) | (7.4) | (6.6) (8.0) (7.1)
Weight Mean | 82.2 78.4 80.4 80.4
(igs) (sD) | (13.3) (10.1) (11.5) (12.3)
TV, Mean 2.7 3.9 4.5 3.7
(1itzes) (sb) (0.77) (c.7) (0.8) (0.9)
Ve Mean 4.1 Se i 5.9 4.9
(1itres) (sD) (0.9) (0.8) (0.9) (1.0)
Trco Mean | 29.1%|  32.3 31.3 30.5%%
(ml/min.cmBg) (SD) (6.8 (6.0) (6.5) (6.1)**

® Va.lu‘e based on 29 observations.

** falue based on 262 observations.




TABLE 5

Age distribution of Tico ceses and controls and the total survey population

y by employment status,
Age ranges in years
Total
O-24 (25 - 34 |35 - 44}l 45 - sh|55 - 64 65+
CASES
PVC current men 1 h € 1
PVC leavers 2 2 2 1 1 8
Foundrymen 1 h 3 b 12
AVERAGE CONTROLS
PYC current men 1 b 1 3 9
PYC leavers 1 1 2 4
Foundrymen 3 2 5 Y 4 18
HEALTHIEST CONTROLS
PVC current men 2 3 2 h 1 12
PVC leavers 1 2 3
Foundrymen 1 2 6 b 3 16
TOTAL POPULAYION
PVC current men 9 b Y4 57 35 26 0 164
PYC leavers 4 2h 33 19 1 10 101
Foundrymen - 17 48 50 60 by 0 213
0€9200 S»BY
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TABLE 6

survey population.

30.

Employment status of TiLco cases, controls and total

Number of men in each

employment group with percentages.in brackets.
Four men execluded, see text.

PVC
PVC

Surrent Leavers Foundry ’Total

Workers
Total survey population | 164 101 219 L84
Cases 11 ( 34)] 8 (53)) 12 ( 26)] 34
Controls (average) 9(28)] & (27 18 ( 39)] 3
Controls (healthiest) 12 ( 33)] 3 (201 16 ( 35)] 3
A1) 32 (100)| 15 (100)| 46 (100)| 93

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

survey population.

Number of men in each

employment group with percentages in brackets,

Three men exclucded, sees text.

percentages not adjusted to justily totals.,

Rounding error of

Carrent | T¥C

Workers Leavers Total
Total survey population [ 165 . 99 264
Cases 14 ( 26) | 16 ( b3) 30
co?trola (average) 18 (38 | 12 (32) 30
Controls Fhealthicst) 21 ( W) 9 ( 24) 30
AL 53 (100) | 37 (100) 90
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TABLE 8 Distritution of observed Tico as a percentage of predicted Tico using Cotes's regression
model for non-smokers. Numbers of men (percentages in brackets) for the cases, two control

groups and total sarvey population.

Tico % predicted
Total
L4 |50-59[{60~69|70~79 80-89r90~99 100 - 109 | 110 - 119| Y 120
Cases 4 11 T 4 31
(12,9)| (35%)1 (38,7) | (12.9)
Controla ' _ 11 13 1 | 3
(average) | (35.5) | (41.9) | (22.6) "
Controls | N 1 3 14 1 | 3 '
(healthiest) _ | (9.7) (45.2) | (45.2)
Total murvey s | 14 | 29 15 | 114 120 82 46 | 484
population | (0.8) | (2.9) | (6.0) [ (15.5)] (23.6) | (24.8) (16.9) (9~5)|
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TABLE 9 Distribution cf observed FEV, as a percentage of predicted I‘;..Vi using Coten's regression

model for non-amokers. Num'bevs of men (perceutages in brackets) for the cases, two control

groups ani total sarvey population.

F2V, % predicted

50 - 59 70 - 79} 80 - 89] 90 - 99§ 100 - 109 110 - 119

Cas 3 1 ' & 5 3 14 3 30
(3.3Y | (13.3) | (16.7)| (10.0}; (46.7) | (10.0)

C ntrols 3 17 9 1 30

{average) (10.0)| (56.7) (30,0) | (3.3) w
n

Controls 1 6 23 30

(healthi st) (3.3) (20.0) [(76.7)

Total muzvey| 1 4 6 9 29 48 74 47 46 264

popula.t.‘:on (0.%) ( 1.5) (2.3) (3.4) 1 (11.0) (1_8.2) {28.0) (17.8) [(17.4)




TABLE 10

Detaila of the 10 PY¥C fectory Tico cases with the lowest atandax-'dizad reaidual values of TLcoa, Case No, 1
did net co_-pht- the spirometry tast, Predicted values are for non-smckera (Cotes, 1979), o
No. | 8° Buoking P Tco Tcco Tco % |FEV, lltres | FEV; 1itres] FEV, % RGN Y™y
Ranse [category (cbaerved) | (predicted){predicted](obaerved) ! (predicted)| predicted! 1itres ] FVC
1 |30 - 34 c . 2.89 20.1 34,6 58.3 - - - - -
2 |65 - 69 5 - 2.75 .1 27.4 51.3 2.1 3.0 69.8 3.8 5542
3 35 -39 c - 2,22 20.1 31.8 63.3 3.6 3.8 95.2 5.2 68.9
4 |40 - 4b E - 2.15 30.9 30.5 68.4 1.2 3.5 34.3 3.5 35.1
5 (35 -39 a - 2.11 | 20.8 32,1 64.6 3.2 3.8 84.9 b1 77.9
6 15 - 59 ¢ - 2.02 1,7 23.9 61.4 2.6 2,7 95.5 23 77.9
7 [50 - Sk o - 2,00 15,4 25.9 59.5 2.7 3.0 90,6 4.3 62.2
8(35-39] "' ¢ - 1.99 | 23,3 3545 €5.6 b2 4.1 101.7 5.7 74.3
9 (45 - 49 ] - 192 22,5 29.2 77.0 R 3.1; © | 12041 5.1 80.0
10 [50 - 54 c - 1;8‘0 18.8 29.0 64.8 3.6 3.3 107.9 h,? 75.8

ﬁo abbreviations of smoking categories are as followss

G = current amoker:

Tic units ave ml/min, mm Hg.

Es= Ex-nékor

§= Iife-iong non-gmoker

v€92¢00 S?Y
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TABLE 11 PVC factory Tico cases and controls. Mean times (years) sp nt in
each occupational group with number of men in brackets. See Table 1
for key to occupational groups. Amongst these cases and controls,
the only man who had spent time in occupational group 6 wasa current
employee, selected as one of the 12 'healthiest' controls. He had
spent 1.7 years in this group.

Number Occupational groups
of men 1 2 3 4 5
CASES .
Current men i1 3.7 Okt 6.1 9.0 9.7 )
(e) (5} (3 (%) (2)
Leavers 8 1.6 0.8 11.8
’ (3) (6) (1 - -
AVERAGE CONTRCLS
Current men 9 9.1 11 6.8 -t 12.3
(3) (3) (1) . (W) (1)
Leavers 4 0.7 C.l 1.8
() () - (1 -
HEALTETEST CONTROLS
Current men 12 3.3 1.2 10.8 7.3 33
(3) (8) (1) (2) (2)
-| Leavers 3 1.5 0.5
(1) . (3) —— - -
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TABLE 12 Foundry Tico cas s and controls. Mean times (years) spent in each
occupational group with number of men in brackets. See Table 2 for
key to occupational groups.

Number Occupational groups
of men 1 2 3 4 5 6 i
CASES 12 73 3.0 12.3 4,0 3.2 1.4 1.0
(&) (2) (5) (7 (2) (2) (1)
AVERAGE . '
CONTROLS 18 4.6 | 16.1 304 9.4 7.4 | 10.6 | 2.5
(3) . (5) (1) (9 (1) (5) (1)
HEALTHIEST | 15 134 | b5 12.7 | 12.5 1.6
CONTRCLS :
(5) (3) 3 - (8) - (6) -
- o

TABLE 13 PVC factory FEV; cases and controls. Mean times (years) spent in E;
each occupational group with number of men in brackets. See o
Table 1 for key to occupational groups. gg

&
Number Occupational groups @
of men 1 2 3 4 5
CASES
Current men 14 5.5 1.3 b3 6.1 6.8
- (7) (8) (2) (6) 2)
Leavers 16 2.1 0.8 4.7 1.0 | -
(8) (9) (3) - (2)
AVERAGE CONTROLS
Current men 18 3.2 | 4.2 5.2 7.6 7.7
(10) | (10) (1 (5) (2)
Leavers 12 1.3 0.9 k.1 . 1.2
(5) 1 (7 (3). - (3)
HEALTHTEST CCFTROLS ,
| Current men 21 6.4t | 1.2 0.7 7.2 3.6
(10) | (10} (2) (9) (3)
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36.

TABLE 14 For Twco analysis, the distribution of numbers of

PVC cases and contrels who had worked at the FVC

factory before 1975 and only after 1975.

Average | HYealthiest |
Cases Controls | Controls Total
Pre 1975 17 11 5 33
Post 1975 2 2 10 14
1

Total } 19 13 15 47

TABLE 15 PVC factory Tico cases. Number of men within each age group and
duration of pre-1975 employment category.
Age (yrs) |

Time cf Duration of Total
employment | employmert | o _ 24 |25 - 34|35 - 44 |45 ~ 54 | 55 - 64 |65 +

<2yr 1 3 4 1 9
Pre 1975 2«-47yr 1 2 _ 3

>4 yr 4 -1 -5
P st 1975 - 1 | 1 2
Total 1 2 6 8 1 1 19
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TABLE 16 PVC factory Tico average controls. Number of men within each age
group and duration of pre-1575 employment category,
Time of Duration of Age (yrs) Total
employment | employment | o _ 54|25 - 34 |35 - 44 |45 = 54 |55 - 64 | 65 +
< 2 yr "1 1 2 4
Pre 1975 2-4yr 2 -1 3
>4 yr 1 1 2 4
Post 1975 - 1 1 2
Total 2 5 3 3 13
TABLE 17 PVC factory Tweo healthiest controls. Number of men withia each age
group and duration of pre-1975 employment category.
Time of Duration of hge (yra) Total
exployment | employment | g _ 24|25 - 34|35 - 44 |45 - 54 |55 - 64 |5 +
' <2yr 1 1 2
Pre 1975 |{2- 4 yr 1 1
>4 yr 1 1 a
Post 1975 - 2 3 2 3 10
Total 3 5 2 4 1 15
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For FEV, analysis, the distribution of pumbers

TABLE 18
of PVC cases and controls who had worked at the
PVC factory before 1975 and only after 1975.
Average | Healthiest
Cases | o/ trols | Controls Total
Pre 1975 23 18 19 60
Post 1975 7 12, 11 20
Total 30 30 30 90
TABLE 19 For Tuco analysis, the distribution of numbers of
foundry cases and controls who had worked at the
foundry before 1975 and only after 1975.
Average | Healthiest
Cases | controls | Controls Total
Pre 1975 8 13 12 >3
Post 1975 b 5 L 12
Total | 12 18 16 46
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. TABLE 20 For Tico analysis, th distribution of PVC factory
: cases and controls who had worked with different
I polymers.
;
Average Healthiest
Cages Controls Controls Total
Emulsion and
suspension 6 8 b 18
Suspension only 9 3 11 23 -
Ro
, Neither suspension (7))
nor emulsion 4 2 o] i 6 -
N
o
-9
Total 19 13 15 47 ©

TABLE 21  For FEV, analysis, the distribution of PVC factory cases
and controls who had worked with different

polymers.
Average Healthiest |
Cases Controls Controla Total
Emilsion and
suspension S 8 -7
Suspension only 18 13

Neither suspension
nor emulsion 4 T 40

4 e tiaels e ae 1 Dk aarar M s -t

. Total 30 30
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TABLE 22 PVC factory Tico cases and controls, Number of men who hav
worked in noxious occupations with mean mmber of years
spent by these men in brackets. See Appendix 2 for list
of 'othar' moxious occupations.

Number Noxjous occu'pa.tiona
of men | 5ieel | Chemicals | Coal Otker
CASES 18 8 T 7 8
(5.5) (1.9) (10.1) (11.5)
I

AVERAGE 13 0 3 6 7

CoNTRCLS (9.6) (6.9) | (i0.4)

HEALTHIZST 15 3 0 2 8

FONTIOLS (6.1) - (17.4) | (7.0

TAZLE 23 PVC factory TEV, cases and controls. Number of men who hav
worked in noxious occupations with mean mumber of years
spent by these men in brackets. See Appendix 2 for list
of 'other' noxious occupations. :

Nomber Noxious occupations
of men Steel Chemicals Coal QOther
CASES 30 10 5 16 16
(4.6) (4.0) (15.7) | (12.2)
AVERAGE 30 T 6 9 15
CONTROLS
(9.8) (14.0) (6.3) (7.5)
HEALTHIEST 30 4 4 1 18
CONTROLS
(17.8) (9.1) (13.6) (8.9)




b1,

TABLE 24 Foundry Tuco cases and controls. Number of men who hav
worked in noxiocus occupations with mean rumbexr of years
spent by these men in brackets. See Appendix 2 for list

of ‘other' noxious occupations.

Noxious occupations
Number
of men Steel Chemicals Coal Other
CASES 12 1 0 3 5
(3.0) (0.0) (5.4) (1.3)
AVERAGE 18 2 0 4 8
CONTROLS : c.
(9.6) (0.0) (9.0) | (10.9)
HEALTHIEST 16 2 0 5 5
COXTROLS
(4.7) (0.0) (2.9) (7.2)

- - -
N " L EE T Y
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total survey population.
smoking category with percentages in brackets.

Mumber oL men in each

TABLE 25 Smoking habits of Tico cases, controls and
total survey population. Number of men in each
smoking category with percentages in brackets.

Non- Current ] (
Smoker Smoker Ex-Smoker | Total
Cases 3 (9.7)| 20 (64.5) 8 (25.8) By
Controls
(average) 4 (12.9) | 15 (48.4) | 12 (38.7) | 31
Controia
(ncalthiest) 7 (22.6) | 15 (48.4) 9 (29.0) 31
Total survey
population 109 (22.5) | 234 (48.4) | 141 (29.1) | 484
TABLE 26 Smoking habvits of FEV, cases, controls and

Casesg

Controls
(average)

Controls
(healthiest)

Total survey
population

g&. g:_o"';__:;“ Ex-Smoker |Total
5 (16.7)| 13 (43.3)| 12 (40.0) | 3c
T (23.3)| 15 (50.0)| 8 (26.7) 30
9 (30.0)| 12 (40.0)| 9 (30.0)} 30
59 (22.3) | 125 (47.4)| 80 (30.3) | 264
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APPENDIX 1

SMOKING QUESTIONNALRE

Do you smoke?

If NO

la

Have you ever smoked as much as one cigarette a day
(or one cigar a week or an ounce of tobacco a month)
for as long as a year?

If NO to both varts of gquestion 1, emit remaining
questions on smoking.

How old were you wnen you started smoking regularly?

How o0ld are you now?

Do (did] you smoke manufactured cigarettes?

If YES

ba
4y
be

b4
Lhe

Ly

he

How many do {did) you usually smoke per day on weekdays?

How many do \did) you usually smoke per day at weekends?

What was the greatest number of cigarettes you ever
smoked regularly per day?

For how long were you smoking that many?

Since starting smoking tobacco have there been periéds
during which you did not smoke cigarettes?

If YES, for how long altogether were you not smcking
cigarettes?

(Apart-from those times) what was the least number of
cigareties you ever smoked regularly per day?

For how long were you smoking that many?

Do (did) you smoke hand-rolled cigarettes?

If YES

Sa

How much t bacco do (did) you usually sm ke per week in
this way?

6v9200 S¥Y
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5h,
Do (did) you smoke a pip ?
If YES
6a How much pipe tobacco do (did) you usually smoke
per week?
Do (did) you smoke small cigars?
Ir YES

7a  How many of these do (did) you usually smoke per week?

Dc {did) you smcke other cigars?
If YES

8a How many of these do (did) you usually smoke ver week?

For ex-smokers:

When did you last give up smoking?

059200 SsSB4
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APPENDIX 2

NOXIQUS OCCUPATIONS

In the classification of noxious occupations the following jobs were
included in the category 'other'. Although it is recognized that
some of the jobs included in this category are not widely recognized
as 'noxious', it was considered that they may on occasions be
associated with health hazards and should therefore be included in

the classification of noxious occcupations

Brewing
Baker
Flour miller
Farm worker
Wocd cutter/sawmill worker
Construction worker
Bricklayer
Plasterer
Quarryman

- Paper mill worker
Flectrician ‘
Joiner
Glassworker
Welder
Scrap burner
Foreman
Coking plant worker
Furnace operator
Car body reoairer
Paint Spraier

. Painter/decorator

Tarmacadam exposed workers

159200 S®Y
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56.
APPENDIX 3

Develooment of the multinle linear recression model used in the
analysis of the data from the total survey povulation

Preliminary multiple linear regression analysis indicated the
anticipated relationship between Tico and age, height and weight and

between FEV, and age and height.

These relationships were looked at again after allowing different
intercepts and age slopes for non-smokers and all smokers whether

cvrrent or ex-smokers. For the Tico analysis, this was a significant
improvement in the amount of variation explained. However, this zroup

of smokers did not hzve a significantly lower mean Tizo after age, height
and weight had been taken into 2account than non-smokers and the age slovpes
‘were similar. The model used for Tico (but not the FEV, model) was
further improved by introducing different iatercepts and age slopes for
thres categories of smoking, non-smokers, current smokers and ex-smoxers.
This analysis showed that for ex-smokers the mean valu~ of Tico was
significantly higher than that of current smokers (P < 0.05) but that they
exzerienced a greater loss of Tico with age than current and non--smokers
although these differences were not statistically significent (Table %),
Further expansion of this model by allowing different intercepts and age
slopes for the different employment categories (currenf and former
employees at the PVC factory and foundry employees) within the three
smoking groups did not make a significant improvement to the model.
However, this analysis did indicate that the mean TLco level for leav rs
from the PVC tractory who were current smokers was significantly lower

(P < 0.1) than current PVC factory employees who were non-smokers.
However, the age slope of this group did not differ significantly from
that of current PVC factory employees who.were non-smckers, Henc the v
model used was the one in which different intercepts and age slopes wer

allowed for the three smoking groups.

For reasons of consist ncy the FEV; analysis was als based on this same

m del although there was no significant improvement in the amount of
variation explained as there had been f r the Tico analysis. The results
for FEV; analysis show that there was a significant difference (P < 0,1)

in the rate of loss of FEV, with age between non-smokers and current
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TABLE 1 Regression for Tico (ml/min. mm Hg) allowing diff rent
iptercepts and age slopes for three smoking groups.

£59200 SBH

: . Regression
Variabdbles Units Mezn soefficient £ P
Age Years 42,2 ~0.2246 -5.74 < 0.001
Height cm 173.8 0. 1552 4.74 < 0,001
Weight kg 80.2 0.0572 3.23 < 0.002
Constants
_(Intercepts)
.r,; Constant for non~asmokers 10. 3052
-3
Effect on intercept of:
Current smokers -2.5288 | ~1.34 NS
Ex-smokexs 1.4554 0.69 NS
Effect on age slope for:
Current smokers ~0.0154 -0.33 KNS
Ex-smokers ) -0. 0537 -1.08 " RS
: TABLE 2 Regression for FEV, (£) allowing different intercepts
: and age slopes for three smoking groups. - ' .
Varizbles ; Units Mean ggg;::;z:t t . P-
Age Years | 42.2 |  -0.0309 <4.55 | < 0.001
Height cm 174.3 0.0420 T.13 < 0.001
N Weight kg 80.4 © 0.0003 0.09 NS
g | Constants
; .- (Intercents)
A
Constant for non-asmokers -2.1725
. ' Bffect on intercept of:
Cuxrent smokers 0.4209 1.24 NS
Ex-amokers 0.2675 0.75 NS
Effect on age slope for:
~| Current smokers  =0.0149 -1.81 | < 0.10
Ex-smokers =0. HOOA ~1.12 we

.




