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ABSTRACT

We have conducted an epidemiolozizal study to investigate
a report that some men working in a factory manufacturing
prlyvinylehloride (PVC) had sbnormally low values of one
lnung funetion test, nemely the sirgle breath transfer
factor for carber mcnoxide (Twco).

We studied 265 present and past employees of the PVC
fuctory, and 219 men from the workforce of a nearhy foundry.
The foundrymen were included to increase the number of men
with little or no s.posure to possihle ruspiratory hazards
at the PVC factory. Each man's Tice wrs measured, and
snoking history and detailed occuvational khistory obtained.
More detailed lucg function teats were carried out on the
PVC workers only (forced expiratory flow-volume curves),

The study consisted of two parts; measuremeant of the Tico
of current snd past employees at the factory and current
foundry employees and exanination of the distribution of
residuals after allowing for age, height, weight and sroking
habit, to search for evidernce of an excess of men with low
values of Tico; and a case-contrel study. In this, men
with the lowest Tico after allowing for age, height, weight
and smoking habit were selected as cases, and their occupat-
ional history compsared vith that of two grours of gontrols;
one group selected froz those with near averace gas transfer
values, and another group from those with the highest values,

The Tico results ameng this combined population conformed to

a Normal distribution after allowing for age, height, weight

and amokink hahit, and did not suggest that a substantial

;t:hcr of men had clinically izportant impairment of their
Qe

The 31 men selected as 'cases' included 15 men whose Tuco was
abnormally low (less than 7Q8 of published predicted values),
of whom RiRd“were FVC workers and vere foundryzen.

Among the 1¢ cases w rking at th PUC factory the pattern of
lung function abnermality suggested that the low Tico was
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accompanied by evidence of airfloew obstruction in 11 men,
suggesting the presence of emphysema, hut was an isclated
functional abnormality in the other eight. possibly
suggesting the presence of pulmcnary fibrosis or
sbnormalities 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 cn jobs at the PVC factory which were
close to the pressure vessels where exzosure to vinyl
chloride monomer was most likely to have occurred in the
past, were also slightly over-represented among the cases,
and this difference approached statistical significance at
conventisnal levels. There was, furthermore, a statistically
significant association between low Tv.co and a history of
having worked at the PVC factory before 1975. This date is
important because it was at this time that exposure of the
workforce to vinyl chleride monomer was drastically reduced,
in th2 light of information about some of the potential
hazards of this gas.

The cases ircluded slightly rore amokers than the controls,
and those cases who smoked, smoked slightly more heavily than
controls,

The relative importance of these and other factors in causing
the lung functional ahnermalities is not clear, but these
findings give soze support to the hypothesis that work ir the
FVC factory hefors 1979 involved exposure to a substance that
caused impairment of lung functiom in a small aumber of men.

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

The results suggeat that more detailed studias of the relation-
skips with winyl chloride monomer, polyvinylehloride, szoking
habit and ether causative factors would be desirable, together
with a clinical assessment of the lung damage in selected men.
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1.

INTRODUCTICON

The health of workers employed in the mznvfacture of polyvinylchlioride
(PVC) has kesn a c2use of caznsern during rezant yrars.  Some advers:
effects of exposure %o vinyl c¢hloride monsmer (VCY) are well
recognized, but lung disease in =an has nct been shewn te be relatesd

to exposurs to VCM. Zxposure to airborne PVC dust, however, has been

shown to cause slight impairment of lung function and slight chest

radiographic abnormalities.

Vinvl chloride is the basic raw material used in the oruductien of PVC,
Although the manufacturing process was first developed in 1923 in the
USA it was not until 3C rears latsr that evidenc2 of the toxic effzcts
of vinyl chloride ecrosure tegan to accumulate. OCRIILR {16255, wae the
first %o describe acro-osteclysis in reactor c¢leansrs in Zelgium aad in
the following ymar SGCIT (1967) deseribed Raynaud's ghensmenon among
workers in a FVC factory. Changas in the sikin and :1nternal ergans were
subsequently recognised and in 1974 the term 'winyl chloride dineisae’
was ysed to deserib. the ayrdrene whizh Las cany features in ccmmen with
scleroderna (VELTMAN =t al., 1975).

The hepatic effects of excosurc t> VCM have arcused th> most irterest

and include nen-maligrant charzes., It was the discovery cf the
asscciation between vinyl chloride exposure and apsgiosarcoma of the liver
(CREECH snd JOENSON, 1974) wni:h caused the greatest concera and affirmed
the need for stricter control of exposure levels. Ia 1875 regulatiozs
ware introduced vhich established a ceiling exposure value of 30 parts
per aillicn (ppm) and an eight-hour time veignted average (TWA) of

70 ppm.  In 1980 the permitted maximum exposure was reduced to an
anpusl averaze of J prm.

1.1

Regoiratore effects of YCM and PVC

The work descrivced in this report was confiied to a study of the lung
tunction of workers in s factory preducing PVC where men were exposed
potentially to VCM, PVC and the other compounds used in the manufacturing
process, Previcus studies involving the use of animals, obsarvation on
patients and epidemiological surveys. Rave provided information or %h
potential resviratory effects ol ihese comrounds,
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TeTel Animal studies

The toxicity of both VC and PVC has been investigated in agimal
experiments. SODAN et al. (1975) expased guinea pigs to 1% vinyl
¢hloride concentraticn for tvo hours daily for periods of up to three
zonths. At aatopsy the lungs of all exposed animals showed the
presence of fibhrosis which was most severs ip the animals which had
bad the lungest exposure time,  AGARWAL et al. (1978) studied the
effect of intratracheal injections of PVC dust in rats and found that
inflazmatory changes were induced in the terminal and resgiratory
alveoli and that granulomatous lesions associated with multimucleated
glant cells developed. Similar gisac cells and histiccytes ware
identified iz the alveol. of tke lungs of small marmals which were
kept in tke bagzing area of a PVC factery (FRONGIA at al., 1974).

1.1.2 Clinical studies

There kave been izciated case revorts of pulzanary disease in warkers
ecployed in factories awnufacturing PVC.  ABNAUD et al. (1973)

" studied = 55«year-old man who had worked ‘for 23 years in the bagzing
plant of a PVC factory. Eis chest X-ray shosed mctoncdulsr shadowing
and iung biopsy revealed large nusbers of macrophages containing
particulate material and moderate diffuse fibrosis and a fev alveolar
gramulomata. Eowever, his symptoms were few and apart from a slight
reduction in vital capacity, his luag function tests ineluding his
transfer factar for carbon moncxide wore morzal. His disease was
Frobably related to PVC dust rather than VCH.

" DARKE (1976) investigated 1% mem vho nad been employed in a FVC
pammfacturing plant exposed to VCN and all of whom complained of
breathlessness. He found that taeir chest radiographs were rormal.
In six of these men transfer facier for carbon zonoxide is reported
a8 being impaired but 8O measurements or details of other lung function

“tests are giver. Lung biﬁpq fro= one of the oen showed focal
alveclar wall thickening and macrophages present in alveolar spaces.
LANGE et al. (1973) described some cases of VC vorkers with impairment

of transfer factor for carbon menoxide, but the relationship witk
_ eccupation vas not clesr. ) -

-
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1.1.3 Epideniological studies

Studies of pulmonary function of workers employed in FVC manufasturing
plants have produced conflicting resuits, and it has not always been
poasible to separate the effacts of FVC dust from potential effects of
VCM. A high prevalence of abnormal lung funetion, meinly 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 Staies of
Azerica but smoking was not taken into account in the analysis.

Smoking effects were allowed for im the study by GAMBLE et al. (1976)
which compared the lung function of workers im a PVC plan* 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 mewmsured personal exposures were available, VERTKIN st al, (1970}
stuvdied 36 PVC workers in the USSR and found a high prevalenze of chest
radiograph abnormalities but the zajerity of the workers had normal lung
function tests. CHIVERS et al. (1930) similarly found no apparesnt
impairment of lung funct.on among 509 employees in a FVC factory of whom
104 were exposed to PVC dust only, 112 to non-chlorinated solzeants only
and the remaining 293 wvares exposed to a mixt'wre of both., HNo differcnce
betwsen the three groups was identified and the observed impairment of
lung function in some men was related entirely to the effects of smoking.
Howvever, measured personal exposures wers not available for these men.

A study of 818 men currently and previously employed at a PVC nanu!n;turing
plant (SOUTAR et al., 1980) in which estimates of personal exposure to PVC
dust were based on detailed occupational histories and current
meagurenents of dust levels in the factory showed a statistically significant
reduction in tests of lung funciion among men with the kighest PVC dust
sxposure, and some of these men had small rounded opacities on their chest
radiographs. The men with these radiological changes kad 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 carbon moroxide.

1.2 The oresent study

The present study vas requested by Vinatex Ltd., and vas carried out with
the full agreement of management and werkforce, and arose from th ir
concern about some employees whose lung function, particularly the
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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 distrihutions of various measures of lurg
function, including the transfer faoctor, in current and former employees
at the PVC fuctory 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
abnormally low lung function values and personal, occuvational and

envircrmental factors.,

Tkoe total survey population included the workiorce of two factcries;
one was the PVC fastory of interest and the other was s large iron
foundTv situated a few hundred yards away.

1.2.1 The PVC factorv

The plant had been in operation sinze 1969 and for most of that time had
produced suspension polymer. For a period of three years (1571 - 1974)
enmulsion polymer, which has a smaller particl.e size than suspension
pelycer, had been manufactured in one of the twec reactor buildings.

Dering the manulsciuring process vinyl chloride is pumped frem the tank
farm storage area via another storage tank to two reactor buildings.
Cpder conditions of increased temperaturs and pressure and in the
presence of other subatances acting as catalysts and surfactants,
polymerization of VCM takes place. The resulting PVC is piped as a
slarry to tlendiag tanks and is then dried by centrifuging and rotary
drying, The dried polymer is sifted and either removed to storsge silos
or bagged and stored in the warehouse before veing dispatched. The
manufacturing process is operated in batches throughout the 2% hours and
the workforce is 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 1575 levels of VCM in the factory
vere considerably higher than the current luvw levels. During the period
1969 = 1975 men working in the resctor buildings, and particularly those
involved in the manual cleaning of reactors, are likely ta have been

exposed to th highest 1 'nla of VWCH. uce

056984



Se

1.2.2 The 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 technioues were applied.
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6.
2. METHORS

2.1 Selaction of the survey vopulation

All 177 men currently employed at the PVC factory were invited to take
part. The pames of arother 263 men who had worked at the plant since
it started production in 1939 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 vas e-nfined to 285 men selected randomly from
the 1,085 current mala employees.

2.2 The medical survey

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

Details of each zan's smokirg history were recorded by a trained clerk
using a questionnaire which was a modified version of the smoking section
of the Madical Research Counmeil Qusstionnaire of Respiratcry Symptoms

(MRS, 1976) (see Appendix 1).

A full occupational history was reccrded for each man by a trainsd clark
who had previcusly visited both factories and was familiar with their
layout and the manufacturing processes. Details of all jebs which a man
had dope since leaving school were recorded and the time spent in each of
them noted. .

A1 PVC factory employees had measurensnts of forced expiratory volume in
one second (7TVy), forced vital capacity (FVC) and gas transfer Zactor
for carbon wonoxide (Tvco). For foundry workers, approval was ocotained
for seasuremeat only of D.co. Measurements of FZV; and FVC were made
using an electronic dry rolling-seal spirometer (Ohio 800). After a
practice expiration, three forced expiraticns which vere considered to be
technically satisfactory from a saximum of six were recorded. The
Baxizum values of FEV, and FVC, not necessarily in the same breath, vere
used for the analysis, and the ratio of FEV; to FVC was derived from thes
figures.
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Single breath gas transfer factor for carbon monoxide (Tuco) was
measured by the breathholding method of MEADE et al. (1965) based on
the modified Krogh technique. An sutomated spirometer/gas‘sampling
system {Transfer Test B, P.K, Morgan Ltd., Chatham, Kent) was used and
duplicate estimpations were made for each man at least 10 miputes apart.
Technically unsatisfaztory tests were rejected and repeated (i.e. if
the inapired volumes of the two tests differed by more than 1G%, if the
spirograms of the manceuvres were of different shape or if the rates of
inspiration and expiration were teoo slow). The mean of the results of
the two satisfactory tests was used in the analysis,

Each zan was waighed fully clothed and his standing height measured,

2.3 Metheds of arslvsia

The data were studied izitially by summary descriptive statistics and
multiple linear regression analyses of lung function taking into account
dge, height, weight and smoking habit. Subsequent examination of the
standardised residuals® was carried out and on the basia of this zazes

and controls vwere selected,

2.3.1 Classification of smoking histories

Men were assigned to one of three smoking categories; iifelons non-

'lmoker. current smokes and ex-amoker. No distinction was aade ip the

analysis bhetweern type of smoking and the two 'smoker' groups included
szokers cf mamufactured cigareties, hand-rolled cigarsties, pipes and

cigars, since the majority of mer smoked manufactured cigarettes.

2.3.2 Analysis of data from total survey vonulation

The distributions of lung funciion and variouas explanatory variables

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

(observed value - value vredicted froz fitted eauation)
(estimated standard deviatien of the prediction)

il.- SR =

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 FVC employees

in relation tc 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 clasaified into
four groups; the coal and cheamical industries have certain well
recogrized hazards, while the lung functior of men in the steel induatry
has been raported to ba lower than men in non-dusty employment

(WIGGINS, 1970); the fourth, designated 'other', included industriez inu
which hazards could possibly arise although they would be less likely
than thnose of the o%ner groups (see Appendix 2 for a list of ‘other
noxious' joba). Emplioyment of men in the manufacturing of PVC other
than at the PVC factory was also noted,
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3. RESULTS

3.1 Descristion of total survev novulation

A total of 438 men was ceen consisting of 165 current PVC factory
employees (9% of those who were asked to participate), 102 PVC
factory leavers (3% of those who were invited) and 221 foundry
employees (78% of those invited). Three men (one from each
enployment category) did not complete the Tuco 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 werc not
carried out an the 221 fourdrymen and the anzlysis was baced
tharefore on 264 men.

3.2 Analysis cf lung function data frem total survey poouiation

5.2.1 Calculation of vredicted values and standardised resiiuals

The effects of age, height, weight and smoking habit on the TLeo and
FEV, were studied in this population by multiple lirear regression.

-Th? develorment of the regression model used is described in Appendix 3.
Standardised residuals (SR) for T.co and FIV; were calculated for each
man from the final regression model. Thus a man's standardised residual
Tuco represents the amount by whisik his Twco value differs froz that
predicted by his age, height, weight and smoking habit afier siandard.
isaticn.

J3.2.2 .Distritution of standardised residual values of Ti.zo and IEV,
for total survev povulation

After allowing for the above factors, the standardised residual values
of Ti.eo for the total survey population shoved a symmetrical
distribution, with no greater number of men in the negative tail of ta
distribution tham would be expected to have occurred by chance. This
indicated that there was no evidence that a substantial pumber of men
had suffered a clinically important reduction of their Tieo. However,
for the FEV, SR distribution there were slightly zore extreme negative
values than extreme positive values (Figures 1 and 2).

3.2.7 Selectisn of cases and controls uce

‘It was decided that about 30 cases would fora a study group of 066930
appropriate size. The threshold SR value for Tuco below which there
was approximat ly this number of men, was - 1.5, giving 31 aen. A
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contral group of 31 men was selected randomly from those men with SR
values between « 0.25 and + 0,75 ipclusive {Tico 'average' controls).
A gecond control group of 31 'extra-healthy’ men was selected randomly
from those with SR wvalues in excess of + 0.75 (Treo 'healthiest’

enntrols).

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 rardomly from those with an SR value between - 0.25 and + 0.75
inclusive (FEV, 'average' controis) and from those with an SR value in
excess of + 0.75 (FEVy ‘'healthiest’' cortrols).

3.3 General features of caseg, controls and the teotal survey

povulation
Be31 Aze, height and weizht

The :san age, neight and weight of Tico cases and contrels, FEV, cases

and coptrols and the total population are given in Tables 3 and 4. Tlco
cases und controls were of similar age but cases teaxded to be taller than
the contral groips. Although the mean ages of Tico cases and control o
groups were similar, study of the age distributiosns (Table 5) suowed an gV

0
(¥

excass of current PVC factory employess in the 45 . 54 age group wiesn
compared with both groups of controls and the rest of the pupulation.
FEVy cases were slightly older and tailer than the controls and the rest -
of the population but thers was no differsnce in the age distrivution
between employment groups or cases and controls.

3e3.2 Exnloyment status and smokire habit _

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

shown in Tables 6 and 7. PVC factory employees were slightly over-

represented asongst Tico cases but this could easily have occurred by
chance., '

Differezces in smoking habit are discussed in a later section.

3.3.3  Llung function

The mean values of Tuca for Tuce cases snd controls and the total
population ar shewn in Table 3 and mean values of Thco, FEV; and FVC for
TEV; cases and contrals are shown in Table b, UCC
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Observed Teco and FEV, values were expressed as a percentage of values
predicted on the basis of Cotes's regression model (COTZIS, 1979) and
the distribution of these values for cases, controls ani the total
population are shewn in Tables & and 9.

3.b Clinizal descriv~tion of Turo cases and FEV, cases

Fifteen men (nine FVC workers and six foundrymen) of the 31 Tico cases
had Ti.co values below 7C% of their predicted values and four of trese
were below £C¢ (Table 8). MNineteen of the 31 cases were from the PVC
factory anid of these, four mern kad FEZV; values of less than 8C% of
their pradicted value snd low FEV,/TVC ratios indicating airflow
asbstruetion, The remaining 15 cen had FEV, values vithin tke normal
range although further examiration of their lung function data (furced
expiratory flow-volume loops) suggested that seven of thcse mipht have
=ild airflow sbstruetior. Details of the 10 PVC werkers with the
lowest Tico standardised residual values are given in Tahie 10.

Of tbe 30 FZV, cases, 13 had observed FEV, values below BC: of their
vredicted valuer and 10 of these were luss than 73% (Table 9), The
majority (10) of the 13 men with reduced FEVy had FEV;/FVC ratios Selow
7C% suggesting airflow obstruction. Seven of the ¥FZV, cases were also

selected as Tuco cases.

3.5 Ca3se-contrel atudy

The occupztional histories and smeking habits of cases and centrols were
compared in order te explors the observed diffareaces in their Jung
funetion.

Xe5.1 Creupatioral histories of cases and centrols

Analyses of the current employment status of cases and controls showed
that PVC factory workers were slightly over-represented amongst the Tuco
cases (Table §), though this difference could ¢a3ily have arisen by
chance.

The majority of PVC workers had worked in more than cme type of job and
in more than one broad occcupational category during their employment with
the company. Analysis of the mean duration of employment in each broad
category failed to show any differences between Tico cases and their
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controls (Table 11), though mere casss than controls had worked in

Jobs in category 1, those occupations close to the pressure vesasels
where exvosures 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 insludad, 11 of 31 cases
(35%) had worked in category 1 jobs .in the PVC [actory, whersas unly 10
of 62 controls (16%) had done the same. The difference is significant
at the 74 level. These occcupational differences were not apparent for
the FEV, cases and controls (Table 13).

There was also movement between iobs at the fourdry but thers were no
differences in the patterm of employment cf cases and controls (Table

12).

Pre~.1975 emnloyment

¥ollowing the recognition of the hazards of VCM exposure in 1973, levals
of VCM in the factory were prograssizely reduced during 1974 and by
January 1975 tha exmoasure levels were low, The numbers of cases and
controls who kad hser employed at the FVC fi:tory before 1st January®
1975 were compared. Seventeen of the 19 FVC worker Tuco cases had

been emnloyed herore 1975 compared with five ol the 15 'healthiest'
controls and 19 of the 13 average controls (Table *4), Using a X* teat
for trend, there was strong evidence to suggost & significuni increase
in the proportion of men workirg bafore 1975 over 'healthiest' controls,
'average' controls snd csses. Looking at comparisons between groups
only the difference between cases and 'heslthiest' controls vas
sigmificant. Acalysis of the duration of employment of men within
different age groups showsd that pre-1575 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 between FVC factory FEV; cases
and controls (Table 18). A similar analysis of foundry T.co cases
failed to show any relationskip with pre-1$75 employment (Table 19).

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

UCC
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Exposure to emulsicn polymex

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

involved in the production of emulsion polymer so men were divided into
three groupe; thess who had worked with suspension poljmer only, those
who had uorke& with bath suspension and esulsien, and thesa 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 expoasure to emulsicn

zdrolymer adverssly affectzd the lung function of thouse who worked with

it.

Frevious emplevment in other induyatries

There was po evidencec that the cbsarved differenzes batween cases and
conirels could be explained on the basis of previous emplcyment in
industries other *than the PVC factory or the foundry. No differences
were found either in the numbers of cases ani controls or in the mean
nunhers of years spent by taem 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

A higher proportion of Tico cases {65%) were current cigarette suokers
than vere either group of controls (4&%) or total survey population (43%)
(Table 25), This difference vas not seen between the FEV; cases snd
contrecls but there were more ex-smokers acong the FEV; cases than there
vere among the cortrols (Table 26).

The smoking histories were examined in greater detail by analysing the
number of eigarettes which current cigarette smokers smoked daily both
on veekdays and during the weekend, the jumber smoked by each man during
the maximum smeking period of his 1ife and the age at vhich each man
started smoking.

There was no si;nificnnt,differonco in the pnumber of cigarettes smoked on
wveekdays between both groups of cases and the 'healthiest' controls (see
Figures 3 and 4), and similar results wver found £ r 'average' controls.
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Analysis of weekend smoking showed that more Tico 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 FVC factory and
foundry Twco cases, it was found that a larger propecrtion of foundrymea
smoked wmere than 25 cigarettes per day (Figure 5). For tne FEZV, men,
more cases than average controls swoked 25 or more cigarettes ver day

at veekends, This difference was not Seen between cases and healthieat
controls,

Corsideration of the number of cigarettes amoked during a man's maximum
smoking period ehowed that 27 the men at the PVJ lactory, five of the
13 Tco cases, compared with rone of the sirx Tico'healthiest' contrals.
had smoked a maximum of 25 or more cigareties por day (Figure 6). but

this differ=nce in propertions could easily have erisen ty chance.

The age at which men started smoking was also examined. There were
significant diffarences betwesen cases and controls, OCf the 20 Tuveo
cases who ware current smokers, eipnt had staried smokinz by the age of
15 ¢ompared with nne out of the 14 'healthiest' controls and 15 had
atarted by the ace of 15 compared with five out of tre 14 'heslihiest!
controls (Fizure fa), whrile the ligures for averare controls were that
six out of 15 had atarted smoking by the age of 16 (Figure &v). Of
the 13 FEV; cases who vere current mkérs. seven had started smoking
by the age of 16 compared with two of the 11 'hemlthiest' controls
(Figure Sa). . These differences wers not seen betweer cases and
‘aterage’ controls (Figure %v). -

In conclusion Tico cases and 'healthiest' controls and FEV, cuses and
'avarage' coantrols differed in the number of men smoking 25 or more
cisarettes per day at weekends. A similar difference was found between
Thco cases at the PVC factory and the foundry. In general, cases
started smoking at a younger age thas controls. g

¢ . UccC
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4, DISCUSSION

The present study had two aims. First, to describe the lung function,
particularly the Tuco, of current and past employees of a factory
manufacturing PVC, and t2ek evidence of 2 possible excesas of men whose
Tico was abnormally low. Second, to examine the relationship between
Tico and occupation and other personal and eavironmental factors by a
case-control study, in which the casea 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 increuse
the numver of men with low or no exposure t: possible respiratory
hazards at the PVC factory, but who were exposad to similar eavircnamental
conditions sutszide their workplace. In all 265 mes frem the PVC factory
and 219 men from tke foundry were ipmcluded in the Tico aralysis.

The Ti.co residuzly among this combined popuiation conformed approrimately
to & Normal distribution after allowing for age, height, weight and smoking
abit, and did not suggest an undue excess of extremely low valves, This

ndicated that it was unlikely that a substantial number of men in the
hole populatinn ware sufferin; from & c¢linizally inportant reduction of
he TLeo.

Ir. the case-control study the 31 men with the loweat Tico sfter allowing
for age, height, weight and smoking habit were selected as 'cases'.

This does not imply that all 31 were suffering from lung discase, out
smong thest wers 15 men vhose Tico was less thaa 7C% 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 sccompanying the low Tuco was that of definite airflow
ocbstruction {n four men, and possible airflow obatruction in another sevez
men, suggesting the presence of emphysema. The remaining eight men did
pot have evidence of airflow obstruction or reduction of their lung
capacity (wital capacity). This pattern is unusual in clinical practice,
and may possibly reflect pulmonary fibrosis or disturbances of the blood
flov in the lungs. The degree of reduction of transfer factor of carb n
mopoxide and associated airflow obstruction might have been sufficient t
cause hresthlessness cn exertion in some of these men.

ucce
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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 contrels. Two groups of controls were
selected; one group {vom 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 incluyded 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 alzo ¢culd
conceivably include men who were highly resistant to these influences,
and would therefare not be saitable for the comparisons mede in this
study.

The PVC workers were slightly over-represanted anong the zases with low
Treo, though this difference could easily have ariser by chance. Men
who had worked on jobs at the PVC factory which were close te the
pressurc vessels where exposure to VCM was most likely to have occurred
in the past, vere also slightly over-represented among the sases, and
this difference approached statistical significance at conventional

levels, -

There was, furthermore, an association tetween low gas transfer facter
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
ieformation about some of the potential hazards of VCM, exposure to this

gus vus drastically reduced. This association between low gas transfer
factor and working befors 1975 'sas demonstrated by comparisca with the
"healthiest' cuntrols, the 'average' controls showing an inteimediate
pattarn of association not statistically significantiy different from
tha cases. This association with working before 1975 was not found
among foundry workers.

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

before 1975 might have been responsible for some impairment of the gase=
transfe- factor in some of these men., The most obvious candidate

for suspicion i8 VCM, exposures to which are known to have

ucc
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been much higher than post-1975 levels. Some support for this is
provided by published case repsrts of VO workers with impairment
of gas ‘transfer factor, btut proof of association has been lacking
{LANGE, 1977; DARKE, 1976).

o= eat eXpazures. -woul A s |
ZmSeal g8 At €Xp 25 W d‘.‘.h

though it is possihle that many workers throughout the fastory were

expozed to a lesser degree. It is also possible that exposure to
¥ respirable FVC dust may have centributed to the low gas transfer
factors, for this dust bas been ahowr in other studies to be
assaciated with impai-ment of other aspects of lung function (thaugh
: not the ges trarsfer factor) and slight chest radiosraphisz
aknormalitias (MASTHANGELO et al., 1979; SCHTAR et 21., 1980).
There was no evidence tc sugprest that a current risk %o respiratory

health exists at either the PVC factory or foundry.

Some differvernces 1n smoking habit were founrd between cases and controls,

Jnon-smokers beirny slightly commorner amons controls, snd heavier amokers

=lightly commoner among the cases. The cases Lended to start smoking
at a slightly yeunrer aze. Ve do not know if these small differerces
in smoking habit were sufficient to account for th2 reductions of gas
transfer factor in the cases, but they would seem unlikely to 2ccount
for the whole of the dirferences hetwesn cases and controls,

While the rasponss rate among currently employed workers wes excellent,
that for those men who had left the FVC factory was low {3%%). I¢ the
men not examinad had included either ar excess or deficiency of zen with
impaired gas transfer factor compared with the populatiom examiced,

then the analysis of the distritution of values anong the population
sesn could be unrepresentative to that extent.

A sirilar aralysis for another lung function test, forced expired volunm
in one second. was carried out for the PVC workers only. ¥hile some
men did have impairment of this test result as would be exvected in an
industrial population of this kind, no associations with occupation
could bte demcnatrated.
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5. CCHCLUSIONS AlND RECOMMENDATICNS

We found no evidernce of an unexpecitedly large numher of men with
impairment of their lune gas transfer factor among either PVC

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

This could not be shown to be associated with current workiag
conditions at either factory, but the pattern of results among FVC
vorkers suggested that there was an association between icpajirment

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 findinms give seme support to the hypothesis “hat work in the
PVC fastory hefore 1975 involved exposure to a suhstance that caused
immairment of Jung function in a small number of men. The results
suggest that more detailed studies of the importance of exposure to
viryl chloride moncmer, polyvinvlerloride, smoking habit and other
possible factors in caucing impairment of lung funciion would be

desirable, togither with a clinical assessment of the extent of lung

diamage in selected men,

UccC
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TABLE 1

as.

Clagsification of all jobs at Vinatex into

six broad occupational groups.

Broad occupational

Jobs included in group

group
1 Al]l men working in reactors 1 and 2 °*
2 Dryer room B operators «»
3 Dryer room Lead, A and
A/3 cperators
4 Warencusenen, zzintenance stafy,
laboratory staff and dmvers wes
5 General atafr who viait plant,
e.g. shift supervisors and foreman
[ Managanent and vffice staff

These men are mc=t likely to have been expossd to high
concentrations of VCM in the past,

These men are involved in the bagging of PVC ard are
probably exposed to higher corncentrations of dust than
other vorkers in the dryer buildings.

These men are potentially exposed to all rav materials apd

products.
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TABLE 2 Classification of foundry Jjobs into seven broad occupatienal groups.

Cccupational sroup

Johs included in group

Ne. Dascrintion

1 Furnace and melt:
2 Sand and tiasting:
3z Metalwork:

4 Cenersl and other:
S Paint and dipping:
6 Casting:

7 Fettler:

furnace ogperator, burnar, charger, weicher,
skirmer, smeltsr, slczman, ladle revairer,
concrete liner.

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

driller, grinder, hlacksmith, tinsmith, wagon
repairer, rore snlicer, cucola repajrer,
maintenance fitter's mate, maintenance fitter,
turner, trainee iz the training centre, borer,
saw revairer, wagon renairer, milling operator,
inspector in machina shop, welder.

lsheuser, patternmaker, plater, plutalayer,

pine loader, c¢rane driver, driver, cleanor,
technician, trairee, pipe roller, slinger,
quality contirel, joiner, greaser, inspgector,
saddler, bricklayer, core inspector, despascher,
hydraulic attendant, shunter, nlumber, pipe
recorder, runner operator, sawyer, staff, powver
house attendant, conteen, tool room attendarnt,
electrician, storeman, ore crusher, ram driver,
safety officer.

dipper, paint sprayer, pcinter and decorator.

caster, manbole maker, zocket man, machine
woulder., -

fettler
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27.

Features of T.co cases, controls and total survey
Hean (ard gtardard deviations) of age,
height, weight and Tico.

population.

Tuco Grouns

Wumber of men

Cages

31

| Contzols
(average)

Controls
(healthiast)
n

Total survey
pogulation

484

Age Mean
(yrs) (sD)

Height
(cns)

Welght
(kgs) (sD)

TLee Mean
(ml/min, om Eg) (8D)

41.8
(10.2)

176.1
(7.1)

32.7
(13.3)

40.3
(11.3)

173.9
(5.6)

42.2
(11.9)

173.8
(7.0)

80.2
(12.8)

30.5
(5.9)
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TABLE 4 Features of FEV, cases, controls and total survey
population. Mean (and starndard deviations) of age,
heignt, weight, Tico, FEV, and FWC.

Teeo Groups

Controls | Controls To t“ll "-;i"' ey
Cases | (average) | (healthiegt) | POPuiation
Runber of men 30 30 30 264

Age Mean | 43.3 41,3 42.1 42.2
(yzs) (3p) | (11.0) (12.5) (12.0) (11.8)

Eeight Yean | 176.0 174.5 175.5 174.3
(eas) (sz) | (7.4) (6.6) (8.0) (7.1)

Weight Mean 82.2 78.4 8J.4 80.4
(:gs) (sp) | (13.3) ] (10.1) (11.5) (12.3)

m‘ Hean 2-7 309 405 . 3-7
(Litzes) (sv) ¢ (0.7) (c.7) (c.8) (0.9)
7C Mean 4.1 el 5.9 4.9
(1itzes) (sp) (0.9) (0.8) (0.9) (1.0)

Tuco Mean | 29,1 32.3 31.3 30, 5%
(al/min.mEg) (sD) | (6.8  (6.0) (6.5) (6a1)**

» Vhlqohnxcd on 29 observations.

&% Valne based on 262 odsexvaticns.
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TABLE 5

by ewployment status,

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

Age ranges in yesars

Total
0-24 (253435 - 44145 - Sh|55 - 64 65+

CASES
FVC current men 1 L £ 1
PVC leavers 2 2 2 1 1 8
Foundrymen 1 h 3 h 12
AVERAGE CONTROLA
PVC ocurrent sen 1 L 1 3 9
PVC leavsra 1 1 2 ]
Foundrymen 3 2 5 L] b 18
HEALTHIEST CUNTROLS
PVC current men 2 3 2 b 1 12
PVC leavers 1 2 3
Foundrymen 1 2 6 L] . 1%
TOTAL POPULAYION
PVC current men 9 37 57 35 26 ] 164
PYC leavers b 2h 33 19 " 10 101
Foundrymen 17 W8 50 60 hiy 0 219

*62
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TABLE 6 Employment status of Tico cases, controls and total
survey population. Number of men in each
employment group with percentages. in brackets.
Four men excluded, see text.

[PVC

PVC
3urrcnt Leavars Foundry 'Total
orkers

Total survey population | 164 101 215 L3y
Casos 1 (3] 8 (53 12(206) 3
Controls (average) 9{28)) W(27] 18 ( 39); 3
Controls (healthiest) 122 (331 3 (201 16 ( 35)] 31
All 32 (100)| 15 (100)| M6 (100)| 93

TABLE 7 Eqploymont status of FEV; cases, coatrols ond total
Number of men in eack
smployment group with percentazes in brackets.
Three rmen excluded, sea text.
percentages not adjusted to justily totals.

survey populatioen,

Rounding errer of

[ [ | sem

Workera
Total survey population | 165 . 99 264
Cases b ( 26) | 16 ( b3) 30
Controls (average) 18 ( 34) | 12 ( 32) - 3
cb;trull (healthiest) | 21 ( &0) 9 ( 2k) 30
a ' 53 (100) | 37 (100) 90

ICG
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Distritution of obsexved Tico an a percentage of predicted Tico using Cotes's regreasion

TABLE 8
model for non-smokers. MNumbers of men (percentages in brackets) for the cases, two control
groups and total mrvey population,
Pico % predicted
Total
<% |50-59]60- 69|70 - 79| 80 - 89! 90 - 99| 100 - 109] 110 - 119[ 3 120
Cases 4 1 12 4 . N
(12.9)| (35.5)| (38.7) | (12.9)

Controls 1" 13 i n
(average) (35.5) | (41.9) | (22.6)
Controls 3 14 14 N
(healthiest) (3.7) (45.2) | (45.2)}
Total survey 4 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)

“LE



TABLE 9 Distritution cf observed FEV, as a pementage nf predioted PEV, using Cotes's regression
wodel for non-amokers. Numbera of mon (percentagos in hmketn) for the cases, two control
groups and total sirvey population.

FEV, % predicted

70 -~ 79| 80 - 89] 90 - 99 110 - 119

Cases 3 14 3
(10.0); (46.7) | (10.0)

Controls 3 1
(average) {10.0) (3.3)

Controls 23
{nhealthiest) (76.7)

Total mvey 46
popnlatton (1?.4)
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. TABLE 10

4id net complets the spirosetry tast,

Details of the 10 PVC featory Tiaa cases with the lowsst stendardizad residus) velues o
Predicted valuss are for non-smokers (Cotes, 19

f oo,
9.

Case No, %

Ko, ;:;u E?g:;.:r s Ygé:orud] _(_':r;uctaa) predseted -(FEE-I.};?)' Eﬁé‘cttr:;) mcm EE: Fic * WO
1|30 -3% e - 2.0 2q.1 3.6 8.3 . - - - - -
2 165 - 69 - 2.75 ",1 22.4 51,3 2.1 3.0 69.8 3.8 _55.2
3[35-%» c - 2,2 | 20,1 31.8 63.3 3.6 3.8 95.2 5.2 68.9
A [0 - M 3 245 | 209 30.5 68,4 1.2 3.5 34,3 3.5 35.1
3|1%-» )] - 211 20,8 32.1 646 3.2 3.8 84,9 b 77.9
6§ (55-9 c - 2.02 0.7 23.9 61.h 2.6 2.7 95.5 3.3 77.9
7 |50 - 54 o - 2,00 15.4 25.9 59.% 2.7 3.0 90,6 b3 62.2
835-3| 'c |-199] 233 35.5 €5.6 .2 k.1 101.7 5.7 74.3
g 45-19 N - :1.92 2.5 29.2 77.0 R J.I; T 12041 5.1 80.0
10 [50 - 54 e - 1,84 18.8 29.0 6.8 3.6 3.3 107.9 4.7 75.8

ﬁn shbreviations of ssoking cetegoriss are 23 follous:

C » purrent -smoker

Tice units are ml/min, ma By

" £ = Ex-smcker

J = lifs-long non-gmoker

——




TABLE 11 PVC factery Tico cases and controls., Mean times (years)
each occupational group with number of men in brackets,
for key to occupational groups. Amongst these cases and
the only man who had spent time in occupational group 6 wasa current

spent io
See Table 1
controls,

employee, selected as one of the 12 'healthiest' controls. He had
spent 1.7 years in this group.
Number Occupational groupa
of men 3 2 3 ! 4 5
CASES
Current men 11 3.7 O.b4 6.1 9.0 9.7
(6 (s} &) (&) (2)
Leavers 8 1.6 0.8 11.8
(5) (6) (1) - -
AVERAGE CCNTRCLS
Cuzrent men 9 9.1 14 6.8 7% 12.3
(3) (3) 1) (b) (1)
Laavers 4 0.7 c.4 1.8
(m () - (1) -
EEALTETIST CONTROLS
Currant men 12 1.3 1.2 10.8 73 3.3
(3) (8) (1) (2) (2)
Leavers 3 1.5 0.5
(1. (3 - - -
o ' ‘ uce
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: TABLE 12  Foundry Tuco cases and controls. Mean times (years) spent in each
occupational group with number of men in brackets., See Tahle 2 for
key to oceupational groups.

Mumber Occupational groups

: ofmen) 4 2 3 4 5 6 7

f CASES 12 | 2.3 | 3.0 | 123 4.0 3.2 | 1.4 | 1.0

‘ (%) (2) (5) (7 (2) (2) €)]

AVERAGE '
CONTROLS 18 b6 | 16.1 30.4 9.4 7. 10.6 2.5
(3 () (1) @ ! (1 (s) (1
mEarmEse| 16 | 3.4 | w5 | 127 | 12 1.6
cowTRcLS [ | o] @ - (6) |-

TABLE 13 PVC factory FEV; cases and controls. Mean times (years) spent in

sach occupational group with aumber of men in brackets. See
Table 1 for key to occupational groups.
Mumber Occupational grovups
of men 1 2 3 4 5 6
CASRS
Current 14 5.5 1.3 “03 6.1 6.8 3.8
aea @ @ [ @& | @] @
Lesvexs 16 2.1 0.8 .7 1.0
(8) (9) 3 - (2) -
AVERAGE CONTROLS
Curzent men 18 3.2 | 4.2 5.2 7.6 7.7 | 5.0
(10) | (10) (1 (%) (2) (2)
Leavers 12 1.3 0.9 b1 . 1.2 3.1
. (%) “ (3). - (3) (2)
HEALTHTEST CONTROLS ,
- Current men 21 6.‘ 102 O.? 7.2 3.6 2-6
(10) | (10) (2) (9) (3) be (2)
C
Leavezs 9 1.2 0.3 231
! 6 | - (2) 067014
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TABLE 1b For Tw.co analysis, the distribution of numbers of
FVC cases and contrels who had worked at the FVC
factory before 1975 and only after 1975.

Average | Healthiest | .

Cases Controls | Controls Total
Pre 1975 17 " 5 33
Poat 1975 2 2 10 14
Total 19 13 15 b7

TASLE 15 PVC factory Tico cases, DNumber of men within easch age group and
duration of pre-1975 employment category.
Age (yrs) |
Time of Duration of & Total
@ployment | @ploynert | _ 24 (25— 34|35 - 44 [45- 54|55 - 64 165 »
<2yr 1 3 4 1 9
Pxe 1975 2= 4y 1 2 3
>47r 4 1 5
Post 1975 - 1 ) 1 2
Total 1 2 6 8 1 1 19
UGG

e W W
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37.

TABLE 16 PVC factory Tico average controls. Number of men within each age
group and duration of pre-1575 employment category.
Time of Daration of Age (yzs) Total
employment | exployment | g _ 24|25 - 3435 - 44 |45 - 54|95 - 64 | 65 +
<2yr "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 Tuco healthiest controla., Number of men within each age
group and duration of pre=1975 employment categery.
Age (yzs) f
Time of Duration of  Patal
aploynent | employment |, _ 24| 25 - 34‘ 35 =44 |45~ 54 |55 - 64 | 55 « ;
) <2y 1 2
>4y 1 1 2
Post 1975 - 2 3 2 3 10
Total 3 b} 2 4 1 15
UoG
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38.

TABLE 18 For FEV, analysis, the distribution of numbers
of PVC cases and controls who had worked at the
PVC factory before 1575 and only after 1975,

Averagze | Healthiest
Cases Controls | Controls Total
Pre 197% 23 18 19 60
Poat 1975 7 12 1 h- o]
Total 30 30 30 99

TASLE 19 For Tuzo anmalysis, the distribution of mumbers of
foundry cases and controls who had worked at the
foundry before 1975 and only after 1975.

Average | Healthiest
Cases | ¢ ntrols | Controls Total
Pre 1975 8 13 12 13
Post 1975 b [ ] L 13
Total 12 18 16 ks

UCo
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39.

TABLE 20 For Tieo analysis, the distribution of FVC factory
cases and controls who had worked with different
polymers.

Average Healthiest
Cases Controls Controls Total
Emilsion and
suspension 6 8 b 18

Suspension only 9 3 11 23

Neither suspenalon

nor emlsion 4 2 Q (1

Total 19 13 15 47

TABLE 21

and controls who had worked with differen:

For fEV; apalysis, the distribution of PVC factory cases

polymers.
Average Healthiest |
Cases Controls Controls ; Total

Emulsion and

suspension 8 4 10 25
Suspension only 18 13 13 4
Neither suspension

nor eculsion 4 70 ? a1
Total ko] 3Q 30 %

ucc
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TABLE 22 PVC factory Tiuco cases and controls, Number of men who have
worked in roxious occupations with mean rumber of years
spent by these men in brackste, See Appendix 2 for list
of 'othex' moxious cccupaiions.

' Nupber Noxious occupations
of mea Steel Chemicals ! Coal Other
CASES 19 8 1 1 8
(5.5) (1.9) (10.1) | (11.5)

AVERAGE 13 Q 3 6 7

CONTRCLS (9.6) (6.9) | (ic.4)

HEALTHIEST 15 3 o] 2 8

CURTIOLS (6.1) - (17.4) | (7.1}
TABLE 23

PVC factory TEV. cases and controls.

Number of men who have

worked in rnoxious occupations with mean rucber of years

spent by these men in brackets.

of 'other' noxious occupations.

See Appendix 2 for list

Mumber Roxious occupations

©f B2 | Steel | Chemicals | GCoal Other
CASES o | 10 5 16 16

(4.6) (4.0) (15.7) | (12.2)
AVERAGE 30 T 6 9 15
CORTROLS (9.8) | (14.0) (6.3) | (7.9
EEALTHIEST 10 4 4 1 18
CONTEOLS (17.8) (9.1 | (13.6) | (2.9
uce
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Poundry Tuco cases and controls. Number of men who have
worked in noxious occupations with mean mumber of years
spent by these men in bTackets., See Appendiv 2 for list
of 'other' noxicus occupations.

Noxious occupations

Chexnicals Coal

AVERAGE
COXNTROLS




"‘2.

Smoking habits of TiLco cases, controls and
total survey population. Number of men in each
smcking category with percentages in brackets.

None Current
Smokex Smoker

Cases 3 (907) 20 (6405) 8 (25-8) 31

Ex-Smoker | Total

Controls
(average) 4 (12.9) | 135 (48.4) | 12 (38.7) |

Contro ia
(healthiest) 7 (22.6) ]| 15 (48.4) 9 (29.0)

Tosal surrey
population | 109 (22.5) (48.4) 1141 (29.1)

TARLE 26 Smoking babits of FEV, cases, cortzols and
total survey population. Number 0. men in each
snoking category with percentages in brackets.

Non~ Current
Smolcer Smoker

S (16.7)| 13 (43.3)| 12 {40.0)| 3¢

Dx-Smoker | Total

7 (23.3)]| 15 (%0.0) (26.7) | 30
9 (30.0)] 12 (40.0) (30.0) 30

59 (22.3) (47.4) (30.3)

uce
067021




L3,

50 1
45 <]
40 -
38 4 =

30 -

25 < F B

5.1(_'_#'_1—-!' i r-?-r‘rl_‘

03 -z .l l

Number of men

SR value
Fig. 1 Numbe~ of men by ranges of T.co standardised residuais

30 -

28 - ] | —
20 - ' —
15 - -1 -

10 -

5 -

g
B
k-]
b
o
a
g
=

-3 -2 -1 ' 1 2 3

' 0
‘ ' ~ SR value

’ Fig. 2 Number of men by ranges of FEVy standardised residuals
o uce
067022




hso

7 -
g A 4 PVC factory
4 -
3 -
2 -

/
17 7/1 // Cases
0 0 10 20 230 40 50 + No. ofcigs.
1 - f g -;'// / 'Healthiest’
24 ﬁ controls.
31 g
4 .
5 -

Fig. 3 Number of cigarettes smokec on weekdays
by FEV, cases and 'healthicst' controls
who are current smokers.
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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
smokers. uce
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P/l PVC factory
| Foundry
Y A
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a7
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L

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 curreat
smokers.
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53.
AFFENDIX 1

SMCKING CUEZSTIONNALFE

Do you smoke?

If NO

1a Have you ever smoked as much as one cigarette a day
(or one cigar a week or an ounce of tobacco & month)
for as long 83 a year? :
If NO to both parts of question 1, emit remaining
questions on smoking.

How old were you when you started smoliing regulariy?

How old are you now?

Do (did) you smoke manufactured cigarettes?

Ir YES

ba How many do (did) you usually smoke per day on weekdays?
4b How mary do (did) you usually smoke per day at weekends?

be What was the greatest number of cigerettes you ever
snoked regularly per day?

44 For how long wers you smoking that many?

be Since starting smoking tobacco have there been periods
during whick you did not smoke cigarsttes?

If IES, for how lorg altogether wers you not smcking
cigaroties?

bt (Apart froz those times) what was the least nuober of
cigareties you ever smoked regularly per day?

kg Tor how long were you smoking that many?

Do (did) you smoke hand-rolled cigarettes?
If ¥E8

S5a How muech tobacco do (did) you usually smoke per week in
this way?
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‘ . APPENDIX 1, page 2

°

6 Do (did) you smoke a pipe?
Ir YES
6a  How much pipe tobacce do (did) you usually smoke
per week?
? Do (did) you smoke small cigars?
Ir YES

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

- 8 Do {did) you smoke other cigars?
If YES

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

For ex-smok=rs:

9 When did you last give up samoking?

e ¥

-

Uce
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55.
APPENDIX 2

NOXIQUS QCCUPATICNS

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

Brewing
p " Baker

Flour miller
Farm worker
Vocd cutter/sawmill warker
Construction worker
Bricklayer
Flasterer
Quarrynan

- Paper mill worker

‘ Electrician
Joiner
Glassvorker
Welder
Sersp burner

" Foreman
Coking plant worker
Furnasce operater
Car body revairer
Paint sprayer )
. Painter/decorator

Tarnacadsm expased vorkorg

Uce
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56.
APPENDIX 3

Develozment of the mult¢inle linear regcression model used in the
analysis of the data from the total survev porulaticn

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

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

cerrent or ex-smokers, For the Tico analysis, this was a significact
improvement in the amount of variatior explained. However, this group

of smokers did not hzve & significantly lower mean TLzo after age, height
snd weight had been takea in*o sccount than non-smokers and the age slopes
were similar. The model used for Tico (but not the FEV, model) was.
further improved by introducing dirfferent iatercepis and age slopes for
threes 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 thun that of current smckers (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 significant (Table 4).

Further expansion of this modal by allowing different intercepts and age
slopss for *the different employmen: categories (current and former
employees at the FVC factory and foundry employess) within the three
smoking groups did not make a significant improvesent to the medel.
However, this analysis did indicate that the zean Tico level for leavers
from the PVC ractory who were current smokers vas significantly lower

(P < 0.1) than current FVC factory employess who ware non-smokers.
However, the age slope of this group did not differ significantly frem
that of current PVC factory employees who wers non-smckers. EHence the
model used was iho one in vhich different intercepts and age slopes vere
allowed for the three smoking groups.

For reasons of consistency the FEV; anslysis was also based on this same
mode]l although there was no significant improvezeant ir the amount of
varistion explained as there had been for the Tlco analysis. Th results
for FEV, analysis show that there was a significant difference (P < 0,1)
in the rate of loss of FEVy with age between mon-smokers and current

suckers who experienced a greater rate of loss of FEV, (Table 2).
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APFEMDIX 3, page 2

Begresaion for Tico (ml/min. mm Hg) allowing different

intarcepis and age slopes for three smoking groups.

Yariables

Tnits

Mean

Ragreasion

coefficient

Age
Beight
Weight

Yesxs
]

kg

42,2
173.8
80.2

=0.2245
0. 1552
0.0572

=5.74
4.74
3.23

< 0,001
< 0,001
< 0.002

Constant for non-smokers

Conatants

10.3C52

SIntercggtnz

Ex-anokers

Effect on intexrcept of:
Current mokers

-20 5288
1.4554

-1,34
0.69

us

Ex-sgmok ers

Effect on age slope for:
Current mokers

Regression for FEV, (C) allowing different

TAELE 2 intercepts
and age slopes fox three smoking groups. : :
, “Regresaion .
Vaxizbles }| Units | Mean _coefficient + ] ) 4
Age Yenxs 42.2 =0.0309 =455 < 0,001
Weight kg 80.4 " 0.0003 0.09 _¥8
Constants
t
Constant for mn—anm ~2.1725
Effect on ixtercept ofs
Current smmokers 0.4209 1.24 ).+
Ex-mnokezrs 0.267% 0.7% ¥s
Efect on sgw slope for:
Coxrent smokers . =0.0149 «1.81 | < Q.10
Fx-mockers . =0, 0096 -1.13 KS
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