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ASSTRACT

We have conducted an epidemiological study to irnvestigate
a report that some men working in a factory manufacturing
polyvinylchloride (PVC) had abnormally low values of cne
lung function' test, nemely the sirgle breath transfer
factor for carbor monoxide (Twco).

We studied 265 prement and past employees of the PVC
fuctory, and 219 men from the workforce of a nearby foundry.
The foundrymen were included to increase the number of men
with little or no =.posure to possihle ruspiratory hazards
at the PVC factory. Each man's Tuce wes measured, and
smoking history and detajled occunational history obtained.
More detailed lung function tests were carried out on the
PVC workers only (forced expiratory flow-volume qurves).

The study consisted of two parts; measursment 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 evidence of an excess of men with low
values of Tico; and a case-control study. In this, men
with the lowe=zt Tico after allowing for age, height, weight
and smoking habit were selscted as cases, and their occunat-
ional history compared with that of two groups of controls;
one group selected from those with near average gas transfer
values, and anotker group from those with the highest values,

The Tico results among this ecomhined population conformed to

a Normal distribution after allowing for age, height, weight

and smoking hahit, and did not suggest that a suhstantial

;zzber of men had clinjcally important impairment of their
o.

The 31 men selected as 'cases' included 15 men whose Tico was
abnormally low (less than 70 of published precicted values),
of whom AYRS“were FVC workers and 3OF were feundrymen.

Among the 1% cases working at the PVC factery the pattern of
lung function abnormality suggested that the low Tico was
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accompanied by evidence of airflow obstruction in 11 men,
suggesting the presence of emphysema, but 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 worked on jobs at the PVC factory which were

¢lose to the pressure veasels vhere 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 sigrificance at

¢gnventional levels., There was, furthesrmore, a statistically ,
significant association between low Tico and a history of

having warked at the PVC factory before 1975. This date is

inportant because it was at this time that exposure of the .
workforce to vinyl chleride monomer was drastically reduced,

in the lizht of information about some of the potential

hazards of this gas.

‘The ¢cases ircluded slightly rore smokers than the contrals,
and those cases who smoked, smoked slightly more heavily than
controls.

The ralative importance of these and other factors in causing
the lung functional abnormalities is not clear, but these
findings give some suvport to the hypothesis that work in the
FVC factory bhefor» 1979 involved exposure to a substance that
cauzed impairment of lung function in a small number of men.

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

The results suggeag”%hat more detailed studizs of the relations
ships wita vinyl chloride monomer, polyvinylchloride, smoking
habit and other causative factors would be desirable, together
with a clinical assessment of the lunz damage in selected men.
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1. INTRODUCTICN

The health of workers employed in the mapvfacture of polyvinyickioride
(PVC) nas besn 2 c2uss of conmgern 2uring regans years. Scze adversa
effects of exposure to vinyl chloride moncmer (VCM) are well
recognized, but lung disease in man has nct been shewn tc be related
to exposure to VCM. Exposure to airberne FVL dust, however, has heen
shown tn cause slight impairment of lung function and slight chest

radiographic abnormalities,

Vinvl chleride is the basic raw material nsed in the preduction of PVC.
Althongh the manufacturing procsss was first developed in 1923 in the
USA it was pot until 30 mears latar that evidenca of the texic effzqts
of wiryl chloride ecrosurz begsn to accumulate, GCRIJLR {1073 was the
firat to descrihe acro-osteolysis in reachor ¢leaners in delginm and in
the following year SUCIU (1967) described Raynaud's thenomenon amonsg
workeps in a rVC factory. Chapges in the skin and i1ntermal ergans vere
subsequently recognized and in 1974 the term 'vinrl chloride diseasse’
was used to describ. the syndreme which Las many features in sommon with
scleroderna (VELIMAN =t al., 1975).

The hepatic 2ffects of exvosurc to VCM have aroused tas most interest

and include ncn-malligrant charges. It was the discovery cof the
asgsociation between vinyl chloride exposure and angiosarcoma of the liver
(CREECH and JOHNSON, 1974) which caused the greatest concera and affirmed
the peed for stricter control of exposure levels. Ia 1975 regulatiozs
were introduced which eatablished a ceiling exposure valuve of 30 pérts
per millicr {ppm) and an eight-hour time weignted average (TWA) of

10 ppm. Tn 1980 the permitted maximum exvosure was reduced o an

anrual averare of 3 pru.

1.1 Raespiratary effacts of YO and PVC

The work descrived in this repart was coafiﬁed to a study of the luag
function of workers in a factory producing PYC where men were exposed
patentially to VCH, PVC and the other compounds used in the manufacturing
process. Previcus situdies involving the use of animals, owserration on
patients and evidemiological surveys. have provided information on the

potential resviratory effects of theses comrounds.
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1.1.1 Animal studies

The toxicity of both VC and PVC has been investigated in animal
experiments. PRODAN et al. (1975) exposed guinea pigs to 1% vinyl
chloride concentraticn for two hours daily for periods of up to three
months, At autopsy the lungs of all exposed animals showed the
presence of fibrosis which was moat 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
inflacmatory changes were induced in the terminal and respiratory
alveoli and that grasulomatous lesions associated with multimcleated
giant cells developed, Similar giene cells and histiocyies wers
{dentified in the alveol. cf tke lungs of small mammals which were
kept in the bagging area of a PVC factery (FRONGIA =t al., 1974).

- -

1.1.2 Clinical studies

There have bseu iczoiated case reports of pulzonary disease in workers
employed in factories msnufacturisg PVC.  ABNAUD et al. (1978)

" studied z 53-year-old man who had worked for 235 years in the bagzing

plaat of a PVC factory. Eis chest X-ray showsd microncdular shadawizng
and lung biopsy revealed large numbers of macrophages containing
particulate material and moderate diffase fibrosis and a few alvealar
gramulomata. Eowever, his symptoms wers few and apsrt from a slight
reduction in vital capacity, his lung function tests irncluding his
transfer factor for carhé;: moncxide were normal. Hix disease was
Provably related to PVC dust rather than VCH.

' DABXE (1976) investigated 14 mem who nad been ecployed in a FVC

mamfacturing plant exposed to VCH and all of whom complained of
breathlessness., He found that tacir chest radiographs wers normal.
In six of these men transfer factor for carbon monoxide is reported

as being impaired bhut Do measurements or details of other lung function

tests are given. Lung 'bi;:psy froet one of the men showed focal
alveolar wall thickening end macropbages present in alveolar spaces.
LANGE et al. (1973) deseribed some cases of VC workers with impairment
of transfer factor for carbon monoxide, but the relationship with

_ eccupation was oot clear. . .

- .
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1.1.3 Eg;demiologgcal studies

Studies of pulmonary function of workers employed in FVC manufacturing
plants have produced conflicting resuits, and it has not always been
possible to separate the effz2cts of FVC dust from potential effects of
VCM, A high prevalence of abnormal lung function, wainly obstructive
in type, was found by MILLER et al. (1975) and LILIS et al. (1975; 1976)
among workers in two PVC mamufacturing plants in the United States of
Aperica but smoking was not taken inte account in the analyais.
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 ckemical workers expased to VCM: npo significant
differences were found in the lung function of these three growps but
no mewsured personal exposures were available, VERTKIN et al. (1970)
studied 36 PYC workers in the USSR and found a high prevalence of chest
radiograph abnormalities but the =ajcrity of the workers had normal lung
function testa. CHIVERS et al. (1980) similarly found no apparent
impairment of lung function among 509 emrloyees in a PVC factory of whom
;éﬁa 10l were exposed tc ?VC dust only, 112 to non-chlorinated solvents only
and the remaining £93 were exposed to a mixture of both, o differonce
between the three groups was ldentified and the obtserved impairment of
lung function in some men was related entirely to the effects of smoking.
‘Hovever, measured personal exposures vere not available for these men,
A study of 818 men currently and previously employed at a PVC manufaéturing
plant (SOUTAR et al., 1980) in which estimates of personal exposure to PVC
dust were based on detailed occupational histories and current
megsuraments of dust levelz in the factory skhowed a statiati;ally significant
reduction in teats of lumg funeiion among man with the highest PVC dust
exposure, and some of these men had amall rounded opacities on their chest

. radiographs., The men with these radiological changes had significantly
lower mean lung function test values than men whoese films werw

considered to be normal. No relationship wus found between exposure to

PVC dust and impaired transfer factor for ¢arbon monoxide.

1.2 The vresent study

The present study was requested by Vinatex Ltd., and was carried out with
the full agreement of management and werkforce, and arose from their
concern about some employees whose lung function, particularly the
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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 air and the blood. The study was
designed to describe the distrihutions of various measures of lurg
function, including the tranafer factor, in current scd former employees
at the PVC factory and to identify men with low lung function values.
These oien would be regarded as 'cases' and would be compared with twe
groups of controls in order to examine possible associations between
abnormally low lung function values and persoral, occcuvational and

envircomental factors.
The total survey population included the workforce of two factcries:
one was the PVC factory of intarest and the other was a large iron

found:y situated a few hundred yards away,

1.2.1 The PVC factory

The plant had been in operation since 1969 and for most of that time had
vroduced susvension polymer. TFor a pericd of three years (4971 - 1974)
emulsion polymer, whizh has a smaller particl.e size than suspsnsion

pclycer, had been manufactured in one of the twc reactor buildings.

During the manufacturing process vinyl chloride is pumped frem the tank
farm storage ar=a via another storage tank to two reactor buildings.
CUnder conditions of increéged temrerature and pressure and in che
preaence of other asubstances acting as catalysts and surfactants,
polymerization of VCM takes place, The resulting PVC 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 tu storage silos
or begged and stored in the warehouse before being dispatched. The
manufacturing process is operated in batches throughout the 24 hours and
the vorkforce iz divided into four shifts. In the reactor and dryer
buildings men usually start as 'B' operators and can then proceed to be
'A' operators and sometimes 'Lead' operators.

Available data suggest that prior to 1975 levels of VCY in the factory
were considerably higher than the current low levels. During the period
1969 — 1975 men working in the reactor buildings, and particularly those
involved in the manual clesning of reactors, are likely ta have been

exposed to the highest levels of VCM.
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1.2.2 The foundry

The foundry was situated near the FVC 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 technioues were applied,
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6.
2. METHODS

2.1 Selaction of the survey pownulation

All 177 men currently employed at the PVC factory were invited to take
patrt. 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 canfined to 285 men selected randomly from .
the 1,085 current males employees.

2.2 The medical survey

The factories were visited by the medical survey team and men wers: zeen

_ by appointment.

Details of each man's snokirng history were recorded by a trained clerk
using a questionnaire which was a modified version of the smoking section
of the Madical Research Counci) Quastisnnaire of Respiratery Symptoms
(MRC, 1976) (see Appendix 1).

A full occupational history was reccrded for each man by a trained clark
who had previously vigsited 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. .

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 (Tico). For foundry workers, approval was ootained
for measurement only of Ti.co. Measursments 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, ware
used for the analysis, snd the ratio of FEV; to FVC was derived f{rom these
figures.
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Single breath gas transfer factor for carbon monoxide (Tico) 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
duplicate estimations were made for each man at least 10 miputes apart.
Tachnically unsatisfactory tests were rejected and repeated (i.e. if
the inspired volumes of the two tests diffared by more than 13, if the
apiregrams 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 clothed and his standing height measureg.

2.3 Methods of aralysis

The datz were studied initially by summary descriptive statistics and
multiple linear regression analyses of lung function talkipng into account
age, beight, weight and smoking habit. Subzequent examination of the

standardised residuals* was carried out and cn the bYasis of this zazes

i%

ard controls were selected.

2.3.1 Classifiéation of smoking histories

Men were assigned to one of three smoking categories; Llifelong non-
'amoker, current smoker and ex-amoker. No distipction was made in the
analysis between type of smoking and the two 'smoker' groups included
smokers cf manufactured cigarettes, hand-rolled ecigarettes, pipes and
cigars, aince the majority of men smoked manufactured cigarettes.

2,3.2 Analysis of data from total survey vopulation
The distributions of lung function and various explanatory variables

* 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.

(obzerved value — value predicted froz fitted eauation)

. SR - - n
iee = (estimated standard deviatiocn of the prediction)
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027184

i
4
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were examnined for systematic patterns amongst current and former employees
of the PVC factory and current employees at the foundry. This was
further explored for Tv¢o and FEV, by multiple linear regression analysis
taking sccount of age, height, weight and smoking.

The relationship betwean 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 have
the largsast negative SR values.

The distribution of SR values was examined to see if there was evidence
of an unexpectedly large nusber of mer with impaired lung functisn and if
80, tc examine if either PVC factory or foundry employess were ovor-
representad amongst tbesc men.

2.3.3 Selzction of cases and controls

For each lung function wariable thoss men with the largest negative SR
vulues were chcgen as cases. Two groups of controls were selected
rendcmly, firstly from those men whose SRs ware clustered arcund zero and
secondly from thoSe with the largest positive SRs.

2.3.4 Case-~control siudy

Cases were initially camﬁ;red with the rest of the survey population in
order to identify systematic differences amongst related faztors, 5.
age, smoking habit, employment status.,

~The occupational and swoking 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 weres used
where appropriate.

Classification of smoking and emplovment histories

Smoking histories were classified as they were for the total population
(see Section 2.5.1). Additional information 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

Ucc
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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 tc exposurs to emulsion polymer and employment in the
factory prior te 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 function of men in the sateel industry
has baen reportad to be lower than men in non-dusty employment

(HIGGINS, 1970); the fourth, designated 'other', included industriec in
whieh hazards could possibly arise although they would be leas likely
than those of the otner groups (see Appendix 2 for a list of 'other
noxious’ joba). Employment of menr in the manufacturing of PVC other
than at the PVC factory was also noted.
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3. RESULIS

3.1 Description of total survev nooulation

A total of LB8 pen was seen consisting of 165 current PVC factory

employees (9%% of those who were asked to participate), 102 PVC

factory leavers (39% of those who were invited) and 221 {cundry

employees -(78% of those invited). Three men (one from each

employszent 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- -
rernts were not obtained from three FVC factory leavers and were not

carried out sn the 221 foundrymen snd the anslysis was taged

therefore on 264 men.

3a2 Analysis cof lung function data frem total survey vopuiation

%2.2.7 Calculation of vredicted values and standardised residuyals

The effects of age, height, weight and smoking habit on the Tico and
sy F;Vz were studied in this population by multiple linear regression.

’ -The develorment of the regression rmodel used i3z described in Appendix 3.
Standardised residuals (SR) for Tico and FEV; were calculated for each
man from the final regression model. Thus a man'a standardised residual
Tuweo represents the amount by which his Tico value differs froz that
predicted by his age, he?ght, weight and smoking hahit af*er standard-

- isation. -

3.2.2 _Distritution of standardised residual values of Tizo and FEV,
for total survey pomulation

After allowing for the above factors, the standardised residual values

of Tvco for the total survey population showed a symmetrical

distridbution, with no greater number of men in the negative tail of toe

distritution than would be expected to have occurred by chance., This

i- indicated that there was no evidence that a substantial number of men

3 had suffered a clinically important reduction of their Tuco. However,
for the FEV; SR distribution there were alightly more extreme negative
values than extreme positive values (Figures 1 and 2).

3.2.5 Selectisn of cases and controls

1’

It was decided 4hat about 30 cases would form a study group of
appropriate size., The threshold SR value for Twco below which there
was approximately this mumber of men, was - 1.5, giving 3T men. A
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control group of 31 men was selected randomly fros those men with SR
values between - 0.25 and + 0.75 inclusive (Tico 'average' controls).
A zecond con*rol group of 31 'extra-healthy' men was selected randomly
from those with SR values in excess of + 0.75 (Tico 'healthiest!

e¢ontrols).

Similarly 30 men with an FEV; SR value of less than - 1.1 were
selected as FEV, cases and two contraol grouvs, each of 70 men, were
selected randomly irom those with an SR value between - 0.25 and + Q.75
inclusive (FEV; 'average' controis) and from tkose with an SR value in
excess of + 0.75 (FEV; ‘healthiest' corntrols).

3.3 General featuras of cases, controls and the tetal survey
population
3.3.1 Aze, height and weicht

The zean 2ge, neight and weight of Tico cases and contrels, FEV, cases
and controls and the total population are given in Tables 3 and 4. Tlco
) cases und controls were of similar age but cases teaded to be taller than
_ the contral groips. Although the mean agea of Tico cases and control

groups were similar, study of the age distributions (Table 5) showed an &3/
excess of current PVC factory employeas in the 45 - S4 age group when
compared with both groups of controls and the rest of the population,
FEV, cases were slizhtly older and tailer than the controls and the rest -
of the population but there was no difference in the age distribution
betweern employument groups or cases and controls, .

3.5.2 Emnloyment status and smokirng hahit -

The employment status of cases, controls and the total population is
shown in Tables & and 7. PVC factory employees were slightly over-
represented amongst Tico cases but this could easily have occurred by
chance.,

Diiferences in smoking habit are discussed in a later section.

3.3.3 Lunx function

The meas values of Tico for Tuco cases and controls and the total
population are shcwn in Table 3 and mean values of Tico, FEV, and FVC for
FEVy cases and controals are shown in Table 4.
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Observed Tuco and FEV, values were expressed a3 a percentage of values
predicted on the basis of Cotes's regression model (COTZIS, 1979) and
the disctribution of these values for cases, controls ani the total

population are shovm in Tables & and 9.

3.4 Clinical descrintion of Tuso cases and FEV, cases

Fifteen men (nipe FYC workera and six foundrymen) of the 31 Tico cases

had Tuco values below 7C of their predicted values and four of trese

wera below 6% (Table 8). FKineteen of the 31 cases were from the PVC

factory and of those, four mern had FEVy valuss of less than 8CH of g
their predicted value and low FEV;/TVC ratios indicating airflow

abstruction. The remaining 15 men had FEV, values within the normal

range although furthe=~ examirsation of their lung fumction data (forced

expiratory {low-volume loopsz) suggested that seven of thcse mipht have

zild airflow sbstreetion. Details of the 10 BVC werkers with the

lowest Tico standardised residual values are given in Tahle 10.

Of tbe 30 FLV, cases, 17 had sbserved FEV, values below A(G: of their
vredictad veiuar and 10 of these were léss than 708 (Table @), The
anjority (10) of the 13 men with reduced FEV; had FEV;/FVC ratios below
7G5 suggesting airflow obstruction. Seven of the FEV, cases were also

selected as Tico cases..

3.5 Cage—contrel study

The occupational histcries and smcking habits of cases and controls were
compared in order to explore the cobserved differences in their Jung
function.

X.5.1 Creuvational histories of cases and controls

Analyses of the current exployment status of cases and controls showed
that PYC factory workers were slightly over-represented amongst the Tuvco
cases {Tanle §), though this difference could easily have arisen by
chance,

The majority of PVC workers bad worked in more than one type of job and
in more than one broad accupational category during their employment with
the company. Analysis of the mean duration of employment in each broad
category failed to show any differences hetween Tico cases and their
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controls (Table 11), though mcre 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 by chance, if PVC workers
alone are considered but if the foundrymea are includad, 11 of 31 cases
(35%) had worked in categery 1 jobs in the PVC factory, whereas unly 10
of 62 controls (16%) had done the same. The difference is significant
at the 7 level, These occupational differences wers not apparent for
the FEV, cases and controls (Table 13).

There was also movement between jobs at the fourndry but thers wsre no
differcnces in the paitern of employmen: cf cases and controls (Table

12).

Pre-1975 emmloyment

Following the recognition of the nazards of VCM exvesure in 1973, levels
of VCH in the factory were progressively reduced during 1974 and by
January 1975 the exposure levels wera low. The numbers of cases and
controls who had heer employed at the FVC fe:tory before 1st January'
1975 were compared., Seventeen of the 19 FVC worker Tuco cases had
been employed berore 1975 compared with five o the 15 'healthiest!
controls and 1% 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 bhefore 1975 over 'healthiest' controls,
'average' controls and cases. Looking at comparisons between groups
only the difference between cases and ‘'healthiest' controls was
significant. Analysis of the duration of employment of nen within
diffarent age groups showad that pre-1$75 working was seern in younger

as well as in older men (Tables 15, 16, 17). No differesces were seen
in the number of men employed before 1975 between PVC factory FEV, cases
and controls (Table 18). A similar analysis of foundry T.co cases
failed to show any relationship with pre-1$75 emnloyment (Table 15).

In conclusion there is eviderce to suggest that employment at the PVC
factory before 1975 was associated with impairment of Tuco.
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Exposure to emulsion polymer

The employmezt of cases and controls in the manufacturing of emulsion
polymer was studied and compared. No man had been exclusively

involved in the production of emulsioz polymer so men were divided into
three groupe; thouss whs had worked with suspension poljmer only, those
who had worked with both suspension and amulsicon, and theosa who had not
been exposed to either., Similar proportions of TLco cases and controls
(Table 20) and FEV; cases and controls (Table 21) are represented in each
of these three groups. There is no evidence that exposure to emulsion
volymer adversely affectad the lunz function of thoue who worked with

it.

Frevious emplovmeat in other industries

There wzs no evidence that the observed differenzes 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 eijther in the numbers of cases and controls or iz the mean
nunbers of years spent by them working in other industries which might
be considered noxious {..e. coal, steel, chemicals and ‘others')
(Tables 22, 23, 24). No men had been employed in the manufacturing of
PVZ outside this PVC factory.

3.5.2 Smokinz habits of cases and controls

A higher proportion of Teco cases {65%) were current cigarette saokers
than were either group of controls (4&) or total survey population (L45%)
(Table 25). This difference was not szen between the FEV, cases and
controls but there were more ex-smokers arong the FEV; casea than there
were among the controls (Table 26).

The mmoking histories were examined in greater detail by analysing the
number of cigarettes which current cigareite 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.

There was no significant difference in the number of cigarettes smoked on
weekdays between both groups of cases snd the 'heslthiest' controls (see
Figures 3 and 4), and similar results were found for 'average' controls.

ucge
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Analysis of weekend smoking showed that more Tico cases smoked 25 ar
more cigarettes ger 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 Tuco cases, it was found that a larger proportion of foundrymea
smoked mere than 25 cigaresttes per day (Figure 5). For tne FEV, 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 asmoked during a man's maximum
smoking period showed that 5f the men at the PVU Factory, five of the
13 TLco casaes, compared with rone of the six Tuco'healthiest' contrals
had smoked a maximum of 25 or more cigareties per day (Figure 6). but

this difference in propertions gould easily have arisen bty chance.

The aze at which men started smoking was also examined. There were
sigpificant differences between cases aad controls. Of the 20 Tizo
cases who were current smokers, eipnt had staried swmoking by the age of
15 compared with one out of the 1+ 'healthiest' controls and 16 nad
started by the 2ce of 15 compared with five out of tre 16 ‘heslthiest’
controls (Fizure 2a), wrile the figures for averare controls were that
six out of 15 had started smoking by the age of 16 (Figure &). 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 Ga). These differences were not seen between cases and

'azerage' controls (Figure 9bv).

In ¢onclusion Tlco cases and 'healthiest' conirols and FEV, cuses and
'average' controls differed in the number of men smoking 25 or more
cigarettes per day at weekenda, A similar difference was found between
Tico cases at the PVC factory and the foundry. In general, cases
started smoking at a younger age than c¢ontrols. . g
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L. DISCUSSION

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

Men from a nearby foundry were included in the study in order to increause
the numver of men with low or no exposure tc possible respiratory
hazards at the PVC factory, but who were exposed to similar eavironmental
conditions outzide their workplace. In all 265 men frcm the PVC factory
and 219 nen from ke foundry were included in the Tico amalysis.

The TLco rasidusals among this combined popuiation conformed approximately

to a Normal distribution after allowing for age, height, weight and smoking
mtabit, and did not suggest an undue excess of extremely low values., This
HYndicated that it was unlikely that a substantial number of men in the

hole populatinpn were sufterin; from a clinically inportant reduction of

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

This does not imply that all 31 were suffering from lung discase, but
among them wera 15 men whose Ti-co was less than 708 of the value predicted
hy published normal values, a lovel which would generally be regarded as
abnormally low. Among the 19 cases at the PVC factory the pattern of
lung function accompanying the low Ttco 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
pot have evidence of airflow obstruction or reduction of their lung
capacity (vital capacity). This pattern is unusual in clinical practice,
and may possibiy reflect pulmonary fibrosis or disturbances of the blood
flow in the lungs. The degree of reduction of transfer factor of carbon
monoxide and associated airflow obstruction might have baen sufficieﬁt to

cause breathlessneas on exertion in Some of thess wen.
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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 rangs ('average' and 'healthiest' coatrols).
The reasons for chooding 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 ware
least likely to have been affected by noxious influences, but also cculd
conceivably include men who were highly resistant to these influsnces,
and wovld therefore pot be saitable for the compariseons made in this
study.

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

Trco, though this difference could easily have arisen by chance. Men
who had worked on jobs at the PVC factory which were close to the
pressurc vessels where exposure to VCM was most likely to have cccurred
in the past, were also slighktly Sver-represented among the cases, and
this difference apprvached statistical significance at conventional
levels, -

There was, furthermore, an association between low gas tranafer factor
and a history of having workad at the PVC factory before 1975. Th;s
date is important because it was at this time that, in the light of
irformation about some of the potential hazards of VCM, exposure to this
gEusS 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 inteimediate
pattarn 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 environmental or
personal factor or factors associated with working at the PVC factory

before 1975 might have been responsible for some impairment of the gas 3
transfer factor in some of these men. The most cbvious candidate

for suspicion is VCM, exposures to which ars known to have
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been much higher than post-1975 levels. Some support for this is

provided by published case reports of VCM workers with impairment

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

(LANGE, 1973; DARKE, 1976). o “'*w""m”m

though it is possible that ;any workers throughout the factory were
exrosed to a lesser degree. It is also rossible that exposure to
respirable FVC dust may have contributed to the low gas transfer
factors, for this dust has been shown in other studies to he
§ associated with impaismeni of other aspects of lung functiom (thongh
{not the gas trarsfer factor) and slight chest radiosraphisz
abnormalities (MASTRANGELO et al., 1979; SCUTAR et al., 1980).
gé’: There was no evidence tc sugpest that a current risk to respiratory

health exists at either the PVC factory or foundry.

ome differerces 1n smoking habit were found betweern cases and controls,

non-smokers beirz slightlr cormmoner among controls, and heavier smokers
‘4’!.0.::-

(S

zlightly commoner ameng the cases, The cases tended to start smoking
at a slightly ycunrer age. YYe do not know if these small differences
in smoking habit were sufficient to account for th2 reduztions of gas
transfer factor in the cases, but they would seem unlikely to zccount

for the whole of the dirfferences hetwezn cases and controls.

While the response rate‘among currently employed workers wes excellent,
that for those men who had left the FVC factory was lowliﬁﬁﬁ). IT the
men not examinod had included either an excess or deficiency of xen with
impaired gas transfer factor compared with the population examined, '
then the analysis of the distribumtion of values among the population
seen could be unrepresentative to that extent.

I

A similar analysis for another lung function test, forced expired volume

'y

in one second. was carried out for the PVC workers onlvy. While some
men did have impairment of this test result as would be exvected in an

"1!!**&#1

e
ot e £

industrial population of this kind, no associations with occupation

&4 could be demonstrated.

; uce
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5. COHCLUSIONS AND RECOMMENDATTCNS

We found no evidepce of an unexpectedly large number of men with
impeirment of their lunm gas transfer factor amorg either PVC

fectory or foundry employees, There was, however, a small number cf
men in both factories with impairment of their transier factor.

This could not be shown to be associated with current working
conditions at either factory, but the pattern of resulis 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 1575. There was also evidence that heavy smoking was

associatad with impairment of gas transfer.

These findinms give some support to the hypothesis that work in the

PVC fachory haefare 1975 involved exposure to a suhstance that caused

imzairment of lung function in a small number of men. The results
suggest thact more detailed studies of the importance of exposure to
vinyl chloride moncmer, polyvinvlchloride, smoking habit and other
pesaible factors in caucing impairment of lung funciion would he
desirable, tog:ther with a clinical assessment of the extent of lung

damage in selected men.

e
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TABLE 1 Claggification of all jobs at Vipnatex inte
aix broad occupational groups.

Broad occupational

Jobs included in u;
? obg inclwe group

Al]l men working in reactors 1 and 2°*
Dryer moom B operators =+

Dryer room Lead, A and
A/3 cperators

Warehousenen, naintenaince staff,
laboratory staff and drivers

L E X ]

General stafr who visit plant,
@.8+ shift supervisors and foremen

Management and wffice staff

These men are mcst likely to have bze. exposed to high
concentrations of VCM in the pasc,

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

These men are pétentially exposed to all raw materials and
products,
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TABLE 2 Classification of foundry jobs into seven broad occupational groups.

Jobs included in group

Cccupational sroup

No. Dascrintion

1 Furnace and melt:
2 Sand and tiasting:
3 letalwork:

4 Cenerzl and other:
S Pain: and dipping:
6 Casting:

7 Fettler:

furnace operator, burnar, charger, weicher,
skirmer, smelter, slzsman, ladle revairer,
concrete liner.

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

driller, grinder, blacksmith, tinsmith, wagon
repairer, roge snlicer, curola repairer,
maintenance fitter'a mate, maintenance fitter,
turner, Lrainee iz the Sraining centre, horer,
saw renairer, wagon revairer, milling operator,
inspector in machinz shop, welder.

lsbourer, patternmaker, plater, plafelayer,

pine loader, crane driver, driver, cleaner,
technician, trainee, pive roller, slinger,
quality conirel, joiner, greaser, inspector,
saddler, bricklaeyer, care 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, painter and decorator.

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

fettler
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TABLE 3 Features of Tuco cases, controls and total survey
Mean (ard standard deviations) of age,

height, weight and Tico.

population.

Tico Grouns
Total survey
Contxols | Controls
Cagey | (average) | (healthiest) population
Number of men 3 3 3 484
Age Mean| 41.8 42.3 40.3 42.2
(y=2) (sp)] (10.2)] (12.5) (11.3) (11.9)
: Jeight Mean} 176.1 174.0 173.9 173.8
(cms) (so)| (7.1) (6.6) {5.6) (7.0)
Weignt Mean| 82.7 4.2 79.2 30.2
(kgs) (sp)| (13.3)] (18.5) (9.5) (12.8)
Ttco Mean| 22,2 31.8 7.3 30.5
(m)/min. om Eg) (sD)! (4.1) (2.9) (4.3) (5.9)
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TABLE 4 Features of FEV, cases, controls and total survey
population. Yean (and standard deviations) of age,
beight, weight, Tica, FEV, and FVC.

Tico Groups

Total survey
Controls | Controls
Cases |(aversge) | (healthiest) | POPUlation
Fumber of men 10 30 30 264

Age Kean | 43.3 41,3 42.1 42.2
(vrs) {11.0) (12.5) (12.0) (11.8)

Reighi Mean { 176.0 174.5 175.5 174.3
(cas) ) | (1.0)] (6.6 | (8.0 (7.1)

Weight Mean 82.2 78.4 80.4 80.4
(zgs) (sp) |(13.3) 1 (10.1) (11.5) (123)
LV, Mean 2.7 3.9 4.5 AT
(1itzes) (sv) 1 (0.7) (c.7) (0.8) (0.9)
FVC Mean 4.1 5.1 5.9 4.9
(1itres) (sp) (0.9) (0.8) (0.9) (1.0)

Trco Mean | 29.1* 32.3 31.3 30, 5+
(a/min.omEg) (D) | (6.8M  (5.0) (6.5) (6.1)%

bt Value bagsed on 29 observations.

** Yalne based on 262 observaticns.
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TABLE 5 Age diatribution of Tico ceses and controls snd the total survey population
by employment atatus.

Age rangas in ymava

25 - 34 |35 - k| 45 - Sk |55 - 64

CasEs
FVC current men
PVC leavera
Foundrymen

AVERAGE CONTROLS
PYC currant men

PVC leavera
Foundrymen

HEALTHIEST CONTROLS

PVC current men

PVC leavers

Foundrymen

TOPAL POPULATION

PVC current men

PyC leavers

Foundrymen
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TABLE 6 Eaployuent status of TiLco cases, controls and total
survey population. Number of men in each
employment group with percentages.in brackets.
Four men excluded, see text.

PVC

PVC

Current Foundry |Total

Workers Leavers .
Total survey population | 164 101 219 Lan
Cases 11 (36 8 (53] 12(26) 3
Controls (aversge) 9 (28 b(27)) 18(39)] 3
Controls (healthiest) 12 ( 3300 3 ( 20} 6 ( 35}
A1l 32 (100)| 15 (1oo)| 6 (100)| 93
TABLE 7 Eaployment status of FEV, cases, coxtrols ond total

survey population. Number of men in sach
employment group with percentages in brackets.
Three cen excluded, ses text. Rounding error of
percentages pot adjusted to justify totals,

i ﬁrest Fve
~ | Warkers Leavers Total
Total survey populatien | 165 ' P 264
Cases e (26) | 16 ( 43) 30
Co:-:trols (average) 18 ( 34) 12 ( 32) - 30
Controls (healthiest) 21 ( ko) 9 ( 2bk) - 30
A1l 53 (100) 37 (100) 90

ucce
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Bgtritation of obsexrved Tico an a percentage of predicted Tico using Cotesa's ragression

TABLE 8
model for ron-smokers. Numbers of men (percentages in brackets) for the oages, two control
groups and total murvey population,
Troo % predicted
Total
<4 150-59[60- 69|70~ 79] 80~ 891 90 ~ 93| 100 - 109 110 - 149 ¥ 120
Casea 4 14 12 4 . 3
(12,9)] (35.5) | (38,7} | (12.9)

Controln 1" 13 7 k)|
{average) {35.5) | (41.9) (22.6)
Controla 3 14 14 N
(healthiest) (2.7) (45.2) | (45.2)
Total survey 4 14 29 75 114 120 82 46 484
population (0,8) | (2.9) | (6.0) | (15.5)] (23.6) | (24.8) (16.9) | (9:5)

*Lg




TABLE 9 Distritution cf observed FEV, as a pernentage of predloted PEV, using Cotes's regresaion
model for non-amokers. Num%)era of men (perceutagos in bracke‘:a) for the cames, two control
groupa and total mirvey populution.

F2V, % predicted

10 - 791 80 - 89} 90 - 99| 100 - 109| 110 - 119

Caseg 3 14 3

(10.0); {46.7) | (10.0)

Controla 3 1
(average) (10.0) (3.3)

Controls | 23
(healthiest) (76.7)

Total mzvey 46
populntj...on (17.4)
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TABLE 10

e

Dataile of the 10 PVC [actory Tiao casss with ths lowest standardizad resaidual valuea of Thoo. Ceae No. 4
did net complete the spivometry temt. Predicted values are for non-amokers (Cotea, 1979), ) T
Ko, as 9 :::‘:::fy sn‘ (o::und) Et:;llctad) ‘:l-'::iftod I(f:lulrivte?}. ff;':‘edlilﬁ:ttresiis) :?E:ifctcd ;Tr:%
1 |30 - 34 [V} -~ 2.89 20.1 34,6 58,3 . - - - - -
2 |65 - 69 E - 2.75 1,1 27.4 51,3 2,1 3.0 69.8 3.3 55.2
3. 3% -39 c - 2,22 20.1 31.8 63.% 3.6 3.8 95.2 5.2 é8.9
4 [h0 < 4b E - 2,15 0.9 30.5 68.4 1.2 3.3 3.3 3.5 35.1
s |5-39 © |-2.1] 208 32.1 6h.6 3.2 3.8 84.9 R 77.9
& 155 -39 1) - 2,02 1.7 23.9 61.h 2,6 2.7 95.5 3.3 77.9
7 |50 - 54 a - 2,01 15.h 25,9 59.5 2.7 3.0 90,6 4,3 62,2
8 135-39| "¢ |-199| 23.3 35.5 €5.6 k.2 kot 101.7 5.7 74.3
9 lis-uf w |-re2| 25 29.2 7o | ka s | 1200 5.1 80.0
10 {50 - 54 ¢ - 1,84 18,8 29.0 64,8 3.0 3.3 107.9 k.7 75.8

T‘I. abbreviations of emoking categories are as followas

C = purrent -amoker

PTico unita are ml/min, nm Hy.

" E = Ex~-smoker

¥ « life-long non-smoker

€<
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TABLE 11 PVC factory Tico cases and controls. Mean times (years) spent ia
esch occupational group with number ¢f men in brackets, See Table 1
for key to occupational groups. Amongst these cases and controls,
the only man who had spent time in cccupational group 6 wasa current
employee, selected as one of the 12 'healthiest' controls. EHe hd
aspent 1.7 years in this group.

Numbez Occupational groups
of men 1 2 3 ! 4 5
CASES
Current men i1 3.7 O.lt 6.1 9.0 9.7 )
(6) (5} (3 () (2)
Leavers 8 1.6 0.8 11,8
(s) (6) (1) - -
AVERAGE CCNTRCLS
Current men 9 9.1 14 6.8 o3 12.3
(3 3 A1) . () (1)
g Leavers 4 0.7 C.b 1.8
T 1) (4) - (N -
EEALTHIEST CONTROLS
Gurrent men 12 3.3 1.2 10.8 7.3 3.3
{s) (8) (1) (2) (2)
Leavers 3 1.5 0.5
(1. (3 - - -
.
T T o Lce
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TABLE 12 Foundry Tico cases and controls. Mean times (years) spent in each
occupational group with aumber of men in brackets, See Table 2 for
key to occupational groups.

Fumber Occupational groups

of men 3 4 5

10.6
(5)

11.6.

(6)

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

Mumber ) Occupational groups
of men 2 3 4

CASES
Cuzrent men 14 1.3 4.3 6.

Leavers 16 0.8 4,7

AVERAGE CONTRCLS
Current men

Leavers

HEALTHIEST CCETROLS
Curzent men

Leavers




TABLE 1h For Twvco analysis, the distribution of numbers of
PVC cases and controls who had worked at the FVC
factory before 1975 and only after 1975.

Average | Healthiest |
Cases Controls | Controls Total
Pre 1975 17 " 5 33
Post 1975 2 2 10 14 -
) Total 19 13 1€ Lo
h ]

3

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

Tire of Daration of Age (yz3) Potal '
eployment | employment | _ 24 |25 - 34|35 ~ 44 |45 - 54|55 - 64 |65 +
<23z 1 3 4 1 9
Pre 1975 2-4yr 1 2 3
>4 4 1 5
Post 1975 - 1 | 1 2
Total 1 2 6 8 1 1 19
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PVC factory Tico average controls, Number of mem within each age
group and duration of pre-1975 employment category.

Duration of Age (yrs)
eaployment 35 - 44 |45 - 54

Pre 1975

Poat 1975

< 2yr ’ 1 2
2~ 4yr 2
>4y 1

- 1

Total

5

TABLE 17

PVC factory Tico healthieat controls. Number of men within each age
group and duration of pre-1975 employment category.

Pime of
_employment

Duration of Age (yrs)
eaploynent 35 - 44 | 45 - 54

Pre 13975

Post 1975

<2yr.
2-4yr
>4

Total
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For FEVy inalysia, the distribution of numbers
of PVC cases and controla who had worked at the
PVC factory before 1975 and only after 1975.

Cases

Average
Controls

Healthiest
Controls

Total

Pre 1975
Post 1975

18
12

19
1

Total

>

30

For TLco analysis, the distribution of numbers of
foundry cases and controls who had worked at the

foundry bvefore 1975 and only after 1975.

Casen

Average
Controls

Healthiest
Controls

Total

Pre 1975
Post 1975

8
A

13
5

12
L

Total

Uce
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TABLE 20 For Tico analysis, the distribution of PVC factory

cases and controls who had worked with different
polymers.

Average Healthiest
Controls Controls

Emilsion and
guspersion

Sagpension only

Neither suspension
por emzlsion

Total

TABLE 21 For FEV; analysis, the distribution 2f PVC factory cases
and controls who had worked with different
polymers. .

Average Healthiest '
Controls Controls ; Total

Emulsion and
sugpension

Suspension only

Neither suspension
nor emulsion

Total




ko,

TABLE 22 PVC factory Tico casas and controls. Number of men who have
worked in roxious occupations with mean mumver of years
spant by these men in bracksts. See Appendix 2 for list
of 'othax' noxious occupations.

' Number Noxieuws occupations
of mea | Steel | Chemicals | Coal Otker
CASES 19 8 1 7 8
(5.5) (1.9) (10.1) (11.5)
AVERAGE 13 0 3 é 7
CONTROLS (9.6) (6.9) (0.4
HEALTHIEST 15 3 0 2 8
CORTROLS (6.1) - (17.4) (7.1
;,'_5&;-?:‘;_3‘
TARLE 23 PVC foetory EV; cases and controls. Numher of men who have

worked in noxious occupations with zean mumber of years
spent by theae men in bracketa. See Appendix 2 for list
of 'other' noxicus occupations.

Nunber Roxious occupations

of men Steel Chemicals 1 Coal Other

CASES : 30 10 S 16 16
(4.6) (4.0) (15.7) | (13.2)

AVERAGE 30 7 6 9 15
CORTEOLS (9.8) (14.0) (6.3) (7.5)

BEEALTETEST 30 4 4 11 18
e CONTROLS (17.8) (9.1) | (13.6) | (8.9
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TABLE 2b Fourdry Tuco cases and controls. Number of men who have
worked in noxious occupations with mean mumber of years
spent by these men in brackets. See Appendix 2 for list
of ‘'other' pexious occupations.

Noxious occupations
Bunber
of men Steel Chenicals Coal Qther
CASES 12 1 0 3 5 -
. (3.0) (0.0) (5.4) (1.3)
AVERAGE 18 2 0 4 8
GONTROLS . R
(9.6) (0.0) (9.0) | (10.9)
P HEALTHIEST 16 2 0 5 5
CONTKOLS
(4.7) (0.0) (2-9) (7.2)
‘i UCC
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TABLE 25 Smoking habits of Trco cages, controls and
total survey population. Jumber of men in each
smoking category with percentages in brackets.

Non- Current . N
Smoker Sgoker Ex~Saoker | Total
Cases 3 (9.7)] 20 (64.5) | 8 (25.8) } 31
Controls
(average) 4 (12.9) | 15 (48.4) | 12 (38.7) | 3
Controls
(acalthiest) | T (22.6) | 15 (48.4) | 9 (29.0) | 3t
Total survey
population {109 (22.5) | 234 (48.4) {341 (29.1) | 484

TASLE 26 Smoking habits of FIV, cases, contzols and
total survey population. FNumber o. men in each
mmoking category with percentages in brackets.

Nop— Current

Smoker Smolcer Ex-Smoker | Total
Cases 75 (16.7)] 13 (43.3) 12 (40.0)| 3¢
Controls
(average) 7 (23.3)| 15 (50.0){ 8 (26.7){ 30
Controls
(healthiest) 9 (30.0)] 12 (40.0) 9 (30.0) 30
Total survey
pepulation 59 (22.3)] 125 (47.4)! 80 (30.3)| 264

Uce
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Number of men
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Fig. | Numbder of wen by ranges of T\ co standardised residuais
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Fig. 2 Number of men by ranges of FEV standardised residuals
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g . FA PVC factory
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izl FA Cases
] L) I LI L3
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d
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Fig. 3 Number of cigarettes smoiec on weekdays
by FEV, cases and 'healthicst' controls
who are current smokers.
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6 | Foundry
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Fig. 4 Number of cigarettes smoked on weekdays by
T.co cases and ‘healthiest' controls, at the
PVC factory and the foundry, who are current
sniokers.
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Fig. 5 Number of cigarettes smoked per day at weekends
by T.co cases and ‘healthiest' controls, at the
PVC factory and the foundry, who are current
smokers.
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PVC factory
| Foundry
§ 4]
E 31 |
8 27 %
| g 1 . 7 Y YA ' ‘ _Cases
\ g 0 10 20 30 40 50+ No. of cigs.
< 0 4
1 / /Q—LJ ] 'Healthiest’
2 4 cantrols.
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-4 .

Fig. 6 Maxinium number of cigarettes regularly smcked
per day by T.co cases and 'healthiest’ controls,
at the PVC factory and the foundry, who are current
smokers. ‘ .
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~ Fig. 7T Maximum number of cigarettes regularly smoked
per day by FEV]_ cases and 'healthiest' controls.
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Fig. 8 a) Age when started smoking b) Age when started smoking cigarettes,
cigarettes, for T\.co cazed and for T.co cases and 'average' controls,
'healthiast’ controls at the PVC who are current smokers.
factory and the foundry, who are
current smokers.

(a) (b)
PVC factory

(o8 R

Cases - Cases
<UBENTIBBO2 + Age(yrs) §0 <UBBITIBSD A + Age(yrs)
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Number of men
[ -]

i M

Fig. 9 a) Age when started smoking b) Age when started smoking cigarettes,
cigarettes, for FEVl cases and for FEV, cases and 'average' controls,
*healthiest’ controls, who are who are hrrut smokars.

- current smokars.
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AFFENDIX 1

SMOKING CUESTICONNAIRE

1 Do you amoke?

It NO

1a

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

If NO to both parts of question 1, emit remaining
questions on smoking.

2 How old were you wihen you started smoking regularly?

"3 How old are you now?

b Do (did] you smoke manufactured cigarettes?

Ifr YEs
ba EHow sany do {did) you usually smoke per dsy on weekdsys?
4b How many do did) you usually smolce per day at weekends?
. be What was the greatest number of cigerettes you ever
smoked regularly per day?
bd Tor how long were you smolking that many?
he Siance starting smoking tobacco have there been portc‘:da
during which you did not smoke cigarettes?
If YES, for hovw long nlem!:hor'vorn you not smcking
cigarottes?
.. M (Apart-from those times) what was the least nucber of
. cigareties you ever samoked regularly per day?
kg Yor how long were you smcking that aany?

-] Do (did) you smoke hand-rolled cigarettes?

It Y=

Sa

How smeh tobacco da (did) you usually smoke par week iz
this way?
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APPENDIX 1, page 2

Sh.
Do (did) you smoke a pipe?

It YES

éa Heow much pipe tobacco do (did) you usually smoke
per week?

Do (did) you smoke small cigars?

It YES

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

Dc {did) you smcke other cigara?
If YES

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

For ex-smokers:

When did ysu last give up smoking?

ucce
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APPENDIX 2

NOXIQUS QCCUPATICNS

In the classification of noxious occupations the folicwing jobs were
included in the category 'other', Although it i3 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 inm

“ the c¢lassification of noxious occupations

Brewing
Baker
Flour miller
Farm worker
Woed cutter/sawmill warker
) Conatruction worker
Bricklayer
i Flasterer
Quarryman
- Paper mill worker .
) ’ Electrician
Joiner
Glassworker
Welder
Scrap burner
Foreman
Coking plant worker
Furnace operator
Car body revairer
' ‘ Paint sprayer )
: . Painter/decorator
Tarmacadam exposed woriers
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APPENDIX 3

Develonrent of the multinle linear regression model used in the
analysis of the data from the total survey vgoularion

Preliminary multiple linear regression analysis indicated the
anticipated relationship between Tuco and age, height and weight and
betwesn FEV; and age and height.

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

current or ex-smokers. For the Tico analysis, this was a significant
improvement inp the amount of variation explained. EHowever, this group

of smokers did not hzve a significantly lower mean Tizo after age, height
and weight had been taken into sccownt than non-smokers and the age slopes
were similar. The model used for Tecco (but mot the FEV; model) was
further improved by introducing dirfferent iatercepts and age s=lopes for
thres categories of amoking, non-stokers, current smokers and ex~smokers.
This analysis showed that for gx-smokers the mean valu~ of Tuco was
significantly higher thun that of current smokers (P < 0,05) but that they
exgerienced a greater loss of Tueco with age than curfent aad non-smokers
although these differences were not statistically sigrificant (Table 1).

Further expansion of this model by allowing different intercepts and age
slopes for :he different employment categories (current and former
employees at the PVC Tactory and foundry employees) within the three
smoking groups did not make a significant improvement to the godel.
Eowever, this analysis did indicate that tke mean Tico level for leavers
from the PVC ractory who were current smokers vas 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 whe were non-smckers. Hence the
model used waz the one in which different intercepts and age siopes were
allowed for the three smoking groups.

For reasons of consistency the FEV; anslysis was also based on this same
model although there was no significant improvement in the amount of
variation explained ax there had been for 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

smokers who experienced a greater rate of 10ss of FEV; (Table 2).
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TABLE 1 Regreasion for Tico (ml/min. mm Hg) allowing different
intercepts and age aslopes for three mmaoking gxoups.
Variables | Untts | Mean | LoSrossion & P
Age Yeara 42,2 -0, 2246 =5.74 | < 0.001
Height cm 173.8 0.1552 4.74 | < Q.001
Weight kg 80.2 0.0572 3.23 < 0.002
Congtants
| (Intercents)
Constant Jor noo-suckers 10,3052
Effect on intercept of:
Current smokers -2.5288 -1.34 NS
Ex-amokers 1.4554 0.59 NS
Effect on age slope for:
Current smokers =0.0154 -0.33 NS
Ex~smokers ) =0,0537 -1.08 " RS
. TABLE 2 Regreasion for FEV, ({) allowing diffevent intercepts
and age slopes for three smoking groups. : .
i J Regression .
Variables Unitz Mean ' coefficient t 4
Age Years | 42.2 |  -0.0309 | -4.55 | < 0.001
Eeight cm 174.3 0.0420 T.13 < 9.001
Weight kg 80.4 " 0,0003 0.09 _¥s
. Constants
‘Intercﬂtg!
Copatant for mon-~smokers -2.1725
Bffect on ixtercept of:
Current smokery 0.4209 1.24 ¥s
Ex—smokera 0.2675 Q.75 XS
Effect on age alope for:
Carrent mmokers . =0.0149 -1.81 < 0.10
Ex-smokers .  =0.0096 -1.13 NS

—
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