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INSTITUTE QF CCCUPATICMAL MIDICING

AN EPIDEFIQLCQICAL STUDY CF THz LING FUNCTION OF WCRKZRS
AT A FACTORY MANUYACTURING PCLYVINYLCELCRIDE

by

ME Lloyd, S Gauld, L Copland, CA Soutar

ASSTRACT

We have conducted an epidemioloziszal study to investigate
a recort that some men working in a factory manufagturing
prlyvinylchloride (PVC) had asbnormally low values of cre
lung function test, namely the sirgle breath transfer
factor for carbor menoxiae (Twco).

We studied 265 present and past employees of the PVC
factory, aasd 219 men from the workforce of & nearby foundry.
The foundrymen were included to increase the number of men
with little or no s.posure to possihle ryaviratory hazards
at the PVC factory. Each man's Tuco wzs measured, and
smoking history and detailed cccuvational histery obtained.
More detailed lung function tests were carried out on the
PVC workers only (forced expiratory flow-volume curves),

The study consisted of two parts; measurement of the Tico
of current and past employees at the factory and current
foundry employees and examination of the distribution of
residuals after allowinz for age, height, weight and smeking
habit, to search for eviderce of an excess of men with low
values of Tuco; and a cass-control study, In this, men
with the lowest Tico after allowing for age, height, weight
and snoking habit were selected as cases, and their cccupat-
ional history compared with that of two groucs of controls;
one group selected from those with near averare gas transfer
values, and another group from those with the highest values,

Sug this comhined population conformed to
a Normal distrihution after allowing for age, height, weight
and smokinz hahbit, and did not suggest that & suhstantial

nusher of men had ¢linically izmportant impairment of their
NQ-

The 31 men selected as 'cases' included 15 men whose Twco was
abnormally low (less than 7 of published predicted values),
of whom ReRd“were FVC workers and B3 vere foundrymen.

Among the 1S cases workirg at the PVC factory 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, hut was an isolated
functional abnormality in the other eight, possibly
suggesting the preserce of pulmonary fibrosis or
abnormalities of lung perfusion,

PVC werkers ware slightly over-represented among the cases,
although this diflerence could easily have arisen by chance.
Men who had worked on 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, vere also slightly over-represented among the cases,
and this difference approached statistical significance at
conventional levels. There was, furthermore, a statistically
significant asscciation between low Twio and a history of
having worked at the PVC factory hefore 1975. This Jate is
important because it was at this time that exposure of the
workforce to viayl chleride monomer was drastically reduced,
in th2 light of information about some of the potential
hazards of this gas.

The cases included slightly rore smokers than the coantrols,
and those cases who smoked, smoked slightly mors heavily than
controls.

The ralative importance of these end other fac*ors in causing
the lung functional ahmormalities is not clear, but theae
findings give some support to the hypothesis that work in the
FVC factory befors 1579 involved exposure to a substance tha:
caused impairment of lung function in a swall number of men.

There was no evidence of a relationship betwean low Thco values
and current working conditions at the PVC factory or with past
_or present conditions at the foundry,

The results suggeat that more detailed studias of the relation-
stips witt vinyl chloride monomer, rolyvinylehloride, smoking
habit and cther zausative factors would be desirable, together
with a clinical assessment of the lung damage in selected men.

cia 007707




7. INTRQDUCTICN

The health of werkers employed in the maruv¥acture of polyvinylecblorid
(2YC) nas besn 2 czusse of comzerm during resant yesars, Ssme adverse
effects of exposure to vinyl chloride monomer (VCM) apre well
recognized, but lung disease in man has nct been shown to be related
to exposure to VCM.  Ixposure to airborne FVC dust, however, has heen
shown tn cause slight impairtent of lung function and slight chest

radiographic abnormalities.

Vinvl ehloride is the basie raw naterial used in the pruduetion of PVC,
Although the manufactyring prosess was first developed in 1928 in the

USA it was not until 3¢ rears latar that evidenc2 af the toxie effacts

of virgl chloride ecresurs began fa ascumula‘e, CCRIITE (1655 wag the
first %o ceserite acro-osteolysis in reackor ¢leansrs in Z2elgium apd in

the followine year SUCIU (1947) described Raynaud's ghenomenon among o
workers in a ¥VC factory. Changes in the skin and i1nternal crgans were -
subsequently recognized and in 1974 the torm 'vizyl chleride disezsa’ -
was used to desscrib. the syrdrcme whizh Las many features in common with
sclerocerma (VELTMAN =t al., 1975).

The Lepatic e¢ffects of exvosurc td VCM have arcused th2 most interest

and inelude nen-mallgoant charzes., It was the discovery c¢f the
association between vinyl chloride exposure and angiosarcoma of the liver
(CREZCH and JOENSON, 1974) whizh caugsad the greatast concern and affirmed
the need for stricter control of sxposure levels. In 1975 regulations
vere introduced which established a ceiliag exposure value of 30 pérta
ver millicn (ppm) and an eight-hour time weiznted average (TWA) of

10 pp.  In 1980 the permitted maximum expesure was reduced to an

ancusl averase of J pum.

1.1 Respi-atory effects of YCM and PVC

The wor's descrived in this repost was coafined to a study of the luag
function of workers in a factory producing FVC where men ware exposed
potentially to VCY, PVC and the other compounds used in the manufacturing
process, Fravicus studies invelving the use of apimals, obsarvation on
patients and epidemiological surveys. bave provided information or the
potential resviratory sffects ol thess comrponnds,
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1.1.1 Animal siudiss

The toxicity of both VC and PVC has Yeen investigated in animal
experiments. PRCDAN et al. (?975) exposed guines pigs to 1% vinyl
chloride corncentraticn for two hours dafly for periods of up to thrse
months, At sutopsy the lungs of all exposed anipals showed the
presence of fibrosis which was most severe in the amimals which had
bad the longest expoaure time.  AGARWAL et al. (1978) studied the
effect of iatratracheal injections of PVC dust in rats and found that
inflacmatory changes were induced in the terminal and resgiratory
alvegli and that granulomatous lesions associated with multinuclested
. gisnt cells devalopod. Similar giaat cellz and histiocryies wers
identified ia the alveol. cf the lurngs of small mammals whicn were
kept in the bagzing area of a PVC factery (FRONGIA at al., 1974).

1.1.2 Clinical studies fw

There have besen izolated case rerorts of pulzsnary dissase in vorkers
ecploved in factories z-nufacturing PVC.  ARNATD et al. (1973)
studied z 53-year-old man who hid worked for 23 years in the bagzing
plant of a PVC factory. Eis cheat X-ray showad microncdular shadowing
and iung biopsy revealed large numbers of macrophages contaising

- particulate material and moderate diffuse fibrosis and a few alveolar

" gramulomata. EHowever, his symptoms were few and apart from a2 slight

reduction ip vital capacity, his lang function tests izcluding his
transfer factor for carbon mozmexide wore pormal. Eiz disease was
provably related to PVC dust rather than VCM,

" DAEXE (1976) izvestigated 14 sem who nad been employed in a FVC
aanufascturing plant exposed to VCH and all of whom complained of
Sreathlessness. He found that thoir chest radiographs were normal.
In six of these men transfer factor for carbon comoxide is reported
as being impaired but oo measurements or details of otker lung fumction
tests axe given. Lung hi;::pa-: from one of the men showed focal
alveclar wall thickening and sscrophages preswnt in alveclar spaces.
LANGE et al. (1973) described some cases of VC workers with {mpairment
of transfer factor for carbom menoxide, but the relatiomship with

. eccupatiocn was not clear. : -
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1.1.3 " Epidemjological studies

Studies of pulmonary function of workers employed in PVC manufacturing
plants have produced conilicting results, and it has not always been
pessible to separate the eff2cis of FVC dust from potential effects of
VCM. A high prevalence of abnormal lung function, mainly cbstructive

in type, was found by MILLER et al, (7975) and LILIS et al. (1975; 1976)
among workers in two PVC manufacturing plants in the United States of
America but smoking was not taken into account in the analysis.

Smoking effects were allowed for in the study by GAMBLE et al. (1976)
which compared tke lung function of workers in a FVC plant with that of
Tubber workers and chemical workers exposed to VCM: no significant
differences were found in the lurg function of these three grcups but

no mewsured personal exposures were available.  VERTKIN e* al. (1970)
studied 35 PYC workers in the USSR and found a high prevalense of chest
radiograph abnormalities but the zajerity of the workers had normal lung :j-
function tests. CHIVERS et al. (1980) similarly found no apparezt i
impairment of lung funct.on among 509 employees in a PVC factory of whom®
104 ware exposed tc PVC dust only, 112 to non-chlorinated solvents only
and the remaining <93 wsre exposed to a mixt'we of both. Ho differznce
betwsen the three groups was identified and the observed impairment of
lung function in some men was related entirely to the sffects of smoking.
However, measured personal exposures wvere not available for these nen,

A study of 818 men currently and previously employed at a PVC manufaéturing
plant (SOUTAR et sl., 1980) in which estimates of personal exposure to PVC
dust vere based on detailed occupational histories and current
pessurements of dust levelz in the factory stowed a statistically signilicant
T————=zedugtion in tcats of lung function among men with the highest PVC dust
exposure, and 3cme of these mea had small rounded opacities on their chest
radiographs. The mon with these radiclogiGal chamges had significantly
lower mean lung function test values than men whose films were
cousidered to be normal, No relationship was found between exposure to

PVC dust and impaired tranafer factor for carbon moroxide.

1.2 The cresent study

The present atudy was requested by Vinatex Ltd., and was carried cut with
the full agreement of management and werikforce, and arose from their
concern about some smployees whose lung function, particularly the
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transfer factor for carbon monoxide, appeared to he abnormal, The
transfer factor for carbon monoxide measures the ability of the lumg to
exchange gases between the inspired air and the blood, The study was
designed to describe the distrihutions of various measures of lurg
function, izneluding the transfer factor, in current acd former employees
at the PVC factery and to identify men with low lung funmction values.
These men would be regarded as 'cases’ and would be compared with two
groups of controls in order to examine poasible associations hetween
abnormally low lunz function values and persoral, cccunpaticmal and
envircomental factors,

Tha totsl survey population included the workforce of two factories:
one was the PVC factory of intarest and the other was a large iren
foundsy situated a few hundred yards away.

1.2.1 Tae PVC factorv

The plant had Seen in operation since 1969 and for most of that time had -
produced suspension polymer. For a pericd of three years (1971 - 1974)
enulsion poiymer, whizh has a smaller particle size than suspensicn
pclycer, had been manufactured inm one of the tws reactor buildings.

During the manufacturing process vinyl chloride is pumped from the tank
farm storage area via another storage tank to two reactor buildings.
Under conditions of increased temmeratus's and pressure and in the
presence of other suhatances scting as catalysts and surfactants,
palymerization of VCM takes place. The resulting PVC is piped as a
slurry to tlending tanks and is then dried by centrifuging and rotary e

drying. The dried polymer is sifted and W T

or baggwed and storwd in the warshouse befors : ispatcisd. The

manufacturing procesw {4 cpearsted in batches throughout the 2 hours and

the workforce is divided into four shifts, In the reactor ad #ryer

buildings men usually start as '8’ op;ratora and can then proceed to be

'A' operators and sczetizes 'Lead’ operators. , .
Available data suggeat that prior %o 1975 levels sf WM im the factory

_ were considerably higher than the current low levels. Durimg the periad

1569 = 1975 sen workiang in the reacter huilding#. and particulariy those
involved Iz the manual cleanting of reactors, are likely ta have besen

axposed to the highest levals of TOM. ,
‘ cMA 00773
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1.2.2  [The foundry

The foundry was situated near the PVC factory in the same industrial
valley and manufactured moulded steel products. The manufacturing
process involved the production of molten steel which was cast into
appropriate woulds to which various finishing technicues were applied,

CHMA 007712
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- 2. METHODS ‘I"

2.1 Selection of the survey ponulation

All 177 mea currently employed at the FVC factory were invited to take
part. The names of arother 263 men who had worked at the plant sizce
it started production in 1939 were identified from factory records and
attempts wure made to trace and invite all these men using information
supplied hy the management, union representatives and local records.

At the foundry the study was canfined to 285 men sslected randomly from .
the 1,085 current mala employees.

2.2 The medical survey

The factories were visited by the madical surrey team and men wers seen
by appointuent.

Details of each =an's smokirg history were recorded by a trained clerk
using a questionrajire which was a modified version of the smoking section -~
of the Medical Research Counci) Questionnaire of Respiratcry Symptoms

(MRS, 1976) (see Appendix 1).

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

/A1l PVC factory smployees had measurements of forced expiratory volume in

one second (FEVy), forced vital capacity (FVC) and gas transfer factor

for carbon monoxide (Tvco). For foundry workers, approval was cotained

for measurement only of T-co. Measurements of FEV; and FVC were made -
using an electronic dry rolling-seal spiroweter (Chio 80Q). After a

practice expiration, three forced expirstions which vere considered to be

technically satisfactory from a maximum of aix were recorded. The

gaximum values of FEV; and FVC, not necessarily in the same btreath, were

used for the analysis, and the ratio of FEVy to FVC was derived frem thes

figures.

CHA 007545
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Single Breath gas transfer factor for carbon monoxide (Trco) was
measured by the breathholding method of MEADE et al. (1965) based on
the modified Krogh technique. An autemated spirometer/gas sampling
system {Transfer Test B, P.K, Mergan Ltd,, Chatham, Kent) was used ard
duplizate estimations were made for each man at least 10 minutes apart.
Technically unsatisfactory tests were rejected and repeated (i.e. if
the inspired volumes of the two tests differed by more than 1%, if the
spirograms of the manoeuvres were of differeat shape or if the ratas of
inspiration and expiration were too slow), The mean of the resulis of
the two satisfactory tests was used in the analysis,

Each man was weighed fully clothed and his standing height zeasured.

2.3 Methods of aralvsis

The datz were Studied initially by summary descriptive statistics and T
multiple linear regression analyses of lung function taking into ascount -
age, height, weight and smoking habit. Subsequent examination of the -
standardised residuals® was carried out and on the “asis of this zazes

and controls were selected.

2.3.1 Classifiéation of smoking histories

Men weare assigned to one of thres smoking categories; liifelong noz-
smoker, curfent smoker and ex-smoker, No distipetion was nade in the
analysis betweern type of smoking and the two 'smoker' groups included
amokers of manufactured cigarettes, hand-rolled cigarettes, pipes and
cigars, since the majority of men smoked manufactured cigarettes.

2.3.2 Analysis of data from total survey zopulation

The distributions of lung function and various explanatory variables

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

i.8. SR = (observed value - value vredicted from fitted eguation)
i (estimated standard deviation of the prediction)

CHMA 007714



8.

were examined for systematic patterns amongst current and former employees
of the PVC facteory and current employees at the foundry, This was
further explored for [uco and FEV; by multiple linear regression analysis
taking account of age, height, weight and smoking.

The relatiormship betwean & man's obaserved and predicted values was
expressed as a standardised residual (5R), Thus men whose cbserved
values wers close to the predictad values would have SR values clustered
around zero and correspondingly men with impaired lung function would hav
the largest negative SR values.

The distribution of SR values wa3 eximiced to see if thers was evidenc
of an unexpecctedly large nunber of men with impaired lurg functisn and it
so, to examine if either PVC factory or foundry emuloyees were ovor-

representad amcngst these men,

2.3.3 Selaction of cases and controls

For each lung function variable those men with the largest negative SR
vulues were chcgen as cases. Two groups of controls were selected
randcamly, firstly frem those men whose SRs were clustered arcund zero and
secondly from thosSe with the largest positive SRs.

2.3.4 Case-zontrol siudy

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

-The occupational and smoking histories of cases and controls wnrorstudicd
for systematic differences. TFisher's esxact test, chi-squared tost for

2 x 2 contingency tables and chi-squared teat for linear trend were used
where appropriate.

Classification of smoking and emplowvment histories

Smoking histories ware classified as they were for the total population
(see Section 2.3.1). Additional information about the number of
cigarettes smoked and age of starting smoking was analysed in the case-
control atudy. Bread occupational categories were defined for both PVC

CMA 00771.




- 9.

factory and the foundry (Tables 1 and 2) and the total number of years
spent by all cases and controls in each occupational category was
ecaleulatad, Additional information was available for PVC employees
in relation te exposurs to emulsion pelymer and employment in the
factory prior to 1975.

From the full eccupational history, the number of years in 'noxious’
industries was recorded, '‘Noxious' industries were classified intoe

four groups; the coal and chemical industries have certain well

recogrized hazards, while the lung functioo of aen in the steel induatry
has been raported to be lower than men in non-dusty employment

(HIGGINS, 1970); the fourth, desigrated 'other', included industriez in
which hazards could possibly arise although they would he leas likely

than those of the o%ner groups (see Appendix 2 for a list of ‘other

noxious' jobs). Emplioyment of men in the manufacturing of PVC other .
thun at the PVC factory was also noted. _

CMA 007714
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3. RESULIS

3.1 Descriotion of total survev nonulation

A total of 433 nen was sceen comsisting of 165 current PVC factory
employees (97 of those who were asked to participate), 102 PVG
factory leavers (3% of those who were invited) and 221 {cundry
employees (78% of those invited). Three men (ons from each
enployment 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-
zents were not obtained from three FVC factory leavers apnd were not
carried out on the 221 foundrymen and the analysis was btased
therefore on 264 men.

3.2 Analysis ef lung function data frem total survey zooulation

3.2.1 Caleculation of eredicted values and standardised resizuals

The effects of age, height, weight and amcking habit on the Tico and
FEV, were studied in this populaticn by multiple linear regression.

Tﬁe develormant of the regression model used is described in Appendix 3.
Standardised residuals (SR) for Tuco and FIV, were calculated for each
man fram the final regression model. Thus a man's standardised residual
Twco rerresents the amount by whizh his Tweo value differs from that
pradicted by his age, height, weight and smoking habit after standard-
tsatien.

3.2.2 .Distritution of standardised residual values of Tuzo and FEV,
for total survev vosulation

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

J.2.5 Selaction of cases and controls

It was decided that about 30 cases would form a study group of
appropriate size, The threshold SR value for Twco below which there
wvag approximat ly this number of men, was - 1,5, giving 3T m n. A
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cantrol group of 31 men was selected randomly from those men with SR
values between - 0.25 and + 0,75 inclusive (Tico 'average' zontrols).
A zecond conirol group of 31 'extra-healthy' men was selected randomly
from those with SR valies in excess of + 0.75 (Tico 'healihiest'

enntrols).

Similarly 30 men with an FEV, SR value of less than - 1,1 were

selected as FEV; cases and two coantrol groups, each of 30 men, were
selected randomly 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 (TEV, 'healthiest’' controls).

3.3 General features of cases, controls and the teotal survey
population

331 Ace, height and weicht -

The zesu age, height and weight of Tico cases and contrcls, FEV, cases
and controls and the total population are given in Tables 3 and 4., “ico
cases und controls were of asimilar ages but cases teaded to be taller than

the contral groips. Although the mean ages of Tico cases and control
groups were similar, study of the age distriSutions (Table 5) suowed #n a%
excess of currest PVC factory employess in the 45 - 54 age group wien
compared with both groups of controls und the rest of the population.
FEV, cases were alightly older and taller than the controls and the rasst
or the population but there was no differsnce in the age distrihution

betweer employment groups or cases and controls,

Je32 Emnloyment status and smoking habit -

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

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

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

Differences in smoking habit are discussed in a later section,

Je3.3 Lung function

The meaa values of Tuco for Tico cazes and controls and the total
population are shewn in Table 7 and mean values of Tieo, FEV, and FVC for
FEV, cases and controls are shown in Table b,

CMA 007718
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Observed Tuco and FEV; values were expressed as a percentage of values
predicted on the basis of Cotes's regression medel (COTZS, 1979) and
the distribution of *hese values for cases, controls andi the total
population are shcwn in Tables 2 and 9,

3.4 Clinical descri~*ion of Tuso cases and FEV, cases

Fifteen men (nine FVC workers and six foundrymen) of the 31 Tico cases
had Tuco values below 7C% of their predicted values and four of trese
wers below €03 (Table 8). IlNineteen of the 31 cases were from the PVC
factory and of those, four men tad FEV, valuss of less than 8C% of
their pradicted value and low FEV,/TVC ratios indicating airflow
sbstruction. The remaining 15 men nad FEV; values within the normal
range although furthes= examiratioan ¢f their lung functien data (forced
expiratory flow-volume loops) sugzested that seven of those misht have
2ild airflow osbstruetiom. Details of the 10 PVC werkers with the
lowest Tieco standaprdised residual values are given in Tahle 10.

Of the 30 FLV, cases, 17 had chserved FEV, values below 8C: of their
wvredictad vaiuer and 10 of these were liss than 70% (Table ¢). The
aajerity (10) of the 13 men with reduced FZV, had FEV,/FVC ratios bslow
7C% suggesting airflow oustruction. Seven of the FnV; cases were also
selected as Tuco cases.

3.5 Caze-contrel study

The cccupstional histeries and smoking habits of cases and centrols were
comparad in order to explore the otserved differences in their lung
function,

RaSel Crcunatioral histories of cases and controls

Anazlysss of the current employment status of cases and controls showed
that PYC factory workers wers slightly over-represented amongst the Twco
cases (Table 5), though this difference could easily have arisen by
chance.

The majority of PVC workers had worked iz more than one type of job and
iz more than one hroad occupational category during their employment with
the company. Analysis of the mean duration of employment in each broad
category failed to show any differences between Twco cases and their
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controfa (Tahle 11), thouzh mere casss than controls had worked ia

jobs in category 1, those occupations close to the pressure vessels
where exposures to VO wers mostly likely to have occurred in the past.
This difference could easily have ogcurred by chance, if PVC workers
alone are considered but if the foundrymea are inzludad, 11 of 31 cases
(35%) had worked in category 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 were not apparent for
the FEV, cases and controls (Table 13).

Thare was also movement betweern iobs at the foundry but there were no
differcrces in the paitern of employment ¢f cases and controls (Tadle

Pre=-197% emmlovment . T

Following the recogrition of the nhazards of VCM exposure in 1973, levels
of VCM in the factory were progressizely reduced during 1974 and by B
Jsnuary 1979 the exrosure levels wers low, The rnumbers of cases and
controls who had heen emploved at the FVC fz:tory before 1st January '
1975 were compared. Seventecn of the 19 FVC worker Tu.co cases had

bean emnloved berore 1975 compared with five ol the 15 'healthiest'
controls and 1% of the 13 averaze controls (Table <b4). Using a X¥ test
for trend, there was strong evidence to suggest a significan{ ircrease
in the proportion of men workirg before 1975 aver ‘healthiest’ controls,
'averags' controls ond cases, Loaking at comparisons between groups
only the difference between cases and ‘healthiesi’ controls was
significant., Analyais of the duration of employment of men within
different age groups showad tha% pre-1575 werking was seern in younger

as well as in older men (Tables 15, 16, 17). No differezces were seen
in the number ot'mon enployed before 1975 between PVC factory FEV, cases
and controls (Table 18). A similar analysis of foundry Tico cases
failed to show any velationship with pre-1575 employment (Table 19),

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

cHa 007720
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Exvosure to emulsion solymer .

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

involved in the production of emulsioz polymer so men were divided into
three groupe; thoSe who had worked with suspension polymer only, those
who had workea with both suspension and ezulsicn, and thesa who had not
been exposed to either. Similar proportions of TLco cases and controls
(Table 20) ard FEV, cases and controls (Table 21) are represented in each
of these tiree groups., There is no evidence that exposure to emulsien
rolyner adversely affectad the lung function of tlose who worked with

it.

MR

Frevious emplovment in other industries

Thers was no evidence that the observed differense+s between cases and

controls zould be explained on the basis of previous emplcyment in i
industries othar than the PVC factory ar the foundry. No differences -
were found eitker in the numbers of cases andi controls or in the mean -
nuohers of y=ara spent by tiem werking ia other industries which might

be considered roxious i..s. coal, steel, chemicals and 'others')

(Tables 22, 23, 24)., No men had bYeen employed in the manufacturing of

PVC outsize this PVC factory.

3.5.2 Smoking habits of cases and controls

A higher propertion o Tuco cases {65%) ware current cigarette smokers
than were either group of controls (43%) or total survey population (L8%)
(Table 25). This difference was not s2en between the FEV; cases and
controls but thers were more ex-smokers acong the FEV, cases than there
vers smong the controls (Table 26).

The smoking histories wers examized in greater detail by snalysing the
nusher of cigarettes which current cigareite smokers smoked daily both
on veskdays and during the weekend, the aumber smoked by each man during
the gaximum smoking period of his life and the age at which each man
started smoking.

There was no significant difference in the mumber of cigarattes smoked on
weekdays between both groups of cases and the 'healthiest' controls (see
Figures 3 and 4), and sizilar results were found for 'average' controls.
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Analysis of wéekend smoking showed that more Tico cases smoked 25 or
more cigarettes per day than did the Tico healthiest controls

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

at weekends, This differsnce was not seen between cases and healthiest

cantrols,

Corsideration of the number of cigarettes smoked during a man's maximum
smoking period sghowed that of the men at the PVD factory, five of the
13 Tue¢o cases, cempared with none of the six Twco'hecalthiest' contrals
had smoked a maximum of 29 or more cigarettes por day (Fizure 6). but

this difference in propcrtions could easily have arisen bty chance.

The aze at which men started smoking wis also examined, Thers were
sigrifican® differences between c¢ases and controls, CQf the 20 Tico
cases who wers currant smokers, eirnt had staried smoking bty the e of
15 cempared with one out of the 14 'healthiest' controls and 156 had
started bty the ace of 14 cormpared with five out of tre 14 'heslihiest!
controls (Tizure Pa), whrilo the figures for averare controls were that
six out of 15 had started amoking by tke age of 16 (Figure 8b). Of
the 13 FEV; cases who were current smokers, seven had started smoking
by the age of 16 compared with two of the 11 'healthiest' coptrols
(Figare Sa). These differences were not seen between cases and
'aversge’ controls (Figure Sb).

In conelusicn Tico cases and 'healthiest' controls and FEV; cuses and

'avarsge' controls differed in the pumber of men scoking 25 or more
cigarettes per day at weekends. A similar difference was found between
TiLeo cases at the PVC factory and the foundry. In general, cases
started smoking at a younger age than controls. a
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16.
4, DISCussION

The present study had two aims. First, to describe the lung functionm,
particularly the TLco, of current and past employees of a factory
manufacturing PVC, and gs2ek evidence of a possible excess of men whose
Tnco was abnormally low. Second, to examine the relationship between
Twco and cccupation and otiar rersonal and environmental facters by a
case-control study, in which the cases were msn 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 mo exposure t: possible respiratory
tazards at the PVC factary, but who wers exposad to similar envircnaental
conditieons sutzide their workplace. In all 265 mea from the PVC factory
and 219 men from the foundry were ingluded iz the Twrgo armalysis,

The Thco residusly among this combined population conformed approrimately -

to & Normal distribution after allowing for age, height, weight and smoking
abit, and did not suggest an undue excess of extrerely low valves, This
ndicated thet it was unlikely that a substantial number of men in the

hole poepulating ware sufferin; from & clinizalliy important reduction of

he TLco.

In the casa-conirol astudy the 31 men with the lowest Tico after allowing
fur age, height, weight and smoking habit were selected as 'cases'.

This does not imply that all 31 were suffering from lung discase, out
among them ware 15 men whose Tico was less thax 7C% of tke value predicted
hy published normal values, a lovel which would generally bs regarded as
abnormally low. Among the 19 cases at the PVC factory the patietn of
lung function sccompanying the low Twco was that of definite airflow
obastruction in four men, and possible airflow obatruction in another saven
men, luggllting.th; presence of emphysema. The remaining eight men did
not have evidence of girflow obstruction or reduction of their lung
capacity (wital capacity). This pattern is unusual in climical practice,
and may poasibly reflect pulmonary fibrosis or disturhances of the blood
flow in the lungs. The degree of reduction of transfer factor of earhon
monoxide and assnciated airflow obstruction might have been sufficient to
cause bresathlesiness on exertion inm some of thess men.
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The possible Eontribution of occupation in causing these lung functiom
abnormalities was sxamined by comparing the occcupatiocnal histories of
the cases with those of contreols. Two groups of controls were
selectad; one group from men with valuass of gas trans{er near the

mean for this population; the other group from those with values
towards the high end of the range ('average' and 'healthiest' coatrols).
The reasons for choosing two such groups were that men with near average
values may have included some whose lung function had been slightly
affected by noxious influences, while those with very high values ware
least likely ta have been affected by noxious influences, but also cculd
corceivably include men who were highly resistant to these influennes,
and would therefors pot be suitable for the comparisens asde i{n this
study.

The PVC workers were slightly over-represinted anong the czases wirth low -_-
Teco, though this difference could easily have arisen by chance. Men -
who had worked on jobs at the PVC factory which were close to the -
pressure vessels whers exposure to VCM was moat likely to have occurred
in the paat, ware also slightly Svor-represonted among the zases, and
this difference approached statistical significance at conventional

levels.

There was, furthermore, aa association tetween low gas tranafer factor

and a history of having workad at the PVC factory before 1975. This

date i3 important because it was at this time that, in the light of
information about some of the potantial hazards of VCM, exposure to this
gus wus crastically reduced. This association between low gas transfer &
fastor snd 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 vorkiag befors 1975 was not found
among foundry werkers,

‘This conjupction of findings suggeats that sn unknown enviromnmental or
personal factor or factors associated with working at the PVC factory

before 1975 might have been responsible for some impairment of the gas#
tranafer factor in some of these men, The most obvious candidate

for suspicion is VCH, exposures to which ars known to have
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abeen much hzgher than post=1975 levels, Some suppvort for this is
provided by published case remorts of VCN workers with impairment

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

(LAIGE, 19773 DARKE, 1976). (e "'ﬂ 'm""* ""::7
R ~ e as . .

T3

though it is possible that many workers throughout the factory were
axrosed to a lesser degree. It is alsc possible that exposure to
g respirable FVC dust may have contributed to the low gas tranafer

factors, for this dust has Yeen shown in other studies %o he
assaciated with impaizment of other aspects of lung function (though
not the gas ‘rarsfer factor) and slight chest radiosraphis
atnormalitias (MASTKANGELO et al., 1979; SCUTAR et al., 19R0).

3 5. There was no evidence tc sugpest that a current risk to respiratery

E; ¥ health exists at either the PVC factory or foundry.
Some differerces in smoking habit were [found between cases and controls,

gnamsmoknrs beirz sliphtly commorer among controls, and keavier amokers

slightly coamoner among the cases. The czses lended to start smeking
at a siightly ycuncer age. VYe do not know if these small differsrces
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 dirfferences hetwesn cases and controls.

While the rasponse rate among currently employed workers wzs excellent,
that for those men who had left the FVC factory was low {3%). If the
men not examinad bad included either ar exzess or deficiency of xmen with
irpaired gas transfer factor compared with the population examinéd,

then the analysis of the distribution of values among the perulation
seen could be unrmpresentative to that extent.

A sirpilar analysis for another lung function test, forced expired valum
in one second, was carried out for the PVC workers only. ‘While some
rmen did have impairment of this test result as would be exvected in an
industrial powulation of this kind, no associations with eccupation
could be demcrstrated.
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%. CONCLUSIONS AND RECCHIFENDATTCONS

Ws found no sviderce of an unexgectedly large numher of men with
impairment of their luns gas transfer factor among either pvC

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

This could not he shown to be associated with current working
conditions at eisther factory, “u% the pattern of results among FVC
workers suggested that there was an assocciation between icpairment

of the pas trapsfer 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 findines give scme suppert to the hyrothesis that work in the

PVC facz%nry bhefore 1975 invelved exposure to a substance that caused
imzairment of lung functioa in a small nunmter of men. Ths results L
sugpest that more detailed studies ol tre importance of exposure to

vinyl chloride moncmer, »olyvinvlchloride, smoking habit and other

possible factors in cauging impairment of lung function would be
desirable, tog:ther with a clinical assessment of the extent of lung

damage in selected men.
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TABLE 1 Tlassification of all jobs at Vinatex inte
six broad occupational groups.

Broad °°°“§‘*i°““l Jobs included in group
1 All men working in reactors 1 and 2°
2 Drysr roem B operators **
3 Dryer rvom Lead, A and
A/3 operators
4 Wazrehousemen, aaintenance staff,
laboratory staf?f and drivers see
5 General stafr who visit plant, -
9.8, shift supervisors and foreman o
6 | ¥anagement and office stalf -
* These men are mo=t likely to have bee. exposed to high

concentrations of VCM in tiie nast,

.. These men are invelved in the bagging of PVC and are
probably exvosed to higher corncentrations of dust than
other workers in the dryer buildings.

***  Theae men are potentially exposed to all raw materials and
producta,
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TABLE 2

26.

Classification of foundry jobs into seven broad occupational groups.

Cecupational sroue

No.

Daserintion

Jobs included inm gruup

Furnace and melt:

Sand and tlasting:

Metalworic:

Cenersl and other:

Paint and dipping:

Casting:

Fettler: -

furnace operator, burnar, charger, weicher,
skirmer, smelter, slamman, ladle recairer,
concrete liner,

carsmaker, sand tescer, sand mixer, shot blaster,
core stripmer, knock=out, brick maker,

driller, grinder, hlacksmith, tinsmith, wagon
repairer, rore sniicer, curola renairer,
maintenance fitter'z mate, maintenance fitter,
turner, trainee in the “raining centre, borer,
saw renairer, wagun renaicer, milling operatoer,
inspector in machinz shop, welder,

laboyrer, patternmaker, plater, plutelayer,

pire loader, crane driver, driver, cleanor,
technician, trainee, pipe roller, slinger,
quality contro), jeiner, greaser, inspector,
saddler, bricklayer, core inspector, despatcher,
hydraulic attendant, shunter, tlumber, oige
recorder, runner operator, sawver, staff, npower
house attendant, conteen, tool room attendant,
electrician, storeman, ore crusher, ram driver,
safety officer.

dipper, paint sprayer, painter and decorator.

caster, mankrole maker, gocket man, machine
moulder. .

fettler

07732




TARLE 3.

population.
keight, weight and Twco.

27.

Features of Tuco cases, controls and total survey

Mean (ard standard deviations) of age,

Tuco Grouns

Total suzvey
Contzeols | Controls
Cases (:verzga) (healthiast) pogulation
Number of men kY| 3 3 484

Age Mean| 41.8 42.3 40,3 42.2
(y=s) (sp)| (10.2)] (12.9) (11.3) (11.9)
Teight Kean| 176.1 |  174.0 173.9 173.8
(cms) (D) (7.1} (6.6) {5.6) (7.0)
Weight Mean| 82.7 34.9 79.2 30.2 -
(xgs) (sp)| (13.3)] (18.5) (3.5) (12.8) -
Tueo Mean| 22.2 31.8 7.3 30.5
(nl/pin. om Bg) (SD) l (4.1) (2.9) (4.3) (5.9)
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28.

TASLE 4  PFeatures of FEV, cases, controls and total survey
Yean (and standard deviations) of age,
height, weight, Tico, FEV, and FVC.

population.

Teco Groups

Controls | Consrols Total survey
Cases | (average) | (healthiest) | POPulatica
_ Numbar of men 30 30 30 264
(yrs) (ap) | (11.0) (12.%) (12.0) (11.8)
Eeight Mean | 176.0 174.5 175.$ 174.3
(e=s) (sz) (7.4) (6.6) (8.0) (7.1)
Wcight Hem 82.2 78-4 80.4 80.4
(kgs) (sD) | (13.3) | (10.1) (11.5) (12.3)
FEVI YHean 2.7 3.9 405 3.7
(1itzes) (sv) | (0.7) (c.7) (0.8) (0.9)
FVC Mean 4.1 Gl 5.9 4.9
(1itzes) (sD) (0.9) (0.8) (0.9) (1.0)
TLeo Mean | 29.1 32,3 31.3 30, 5
(nl/min.mndg) (SD) (6.8 (6.0) (6.5) (6.1)**
* Value bazed on 29 obaservations.
*» alne based on 262 obsexrvaticnsz.
c
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TABLE 5 Age distribution of Tico csses and controla and the total survey population
by ewployment statua,

Age ranges in yeara

25 - 34 [35 - W4 |45 - 5|55 - 64

CASES

PVC current men
PVC leavers
Foundrymsn

AVEHRAGE CONTROLA
PYC surrent men

PVC leavers
Foundrymen

HEALTHIES? CONTROLS

PVC current men

PVC leavera
Foundrymen

TOTAL POPULATVION
PVC current men
PIC leavers

Foundrynen




TABLE 6

survey population.

30.

Ezployment status of Tico cases, controls and total
Number of men in each

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

VG
PVC !
S:ﬁ:::: Leavars Foundry ETotal
Total survey pepulation | 164 101 219 L3L
Casca 11 ( 34)] 8 (53] 12 28)| 3
Controcls (average) 9(28) & (27| 18 ( 39)] 3
Controls (healthiest) 2 (33 3201 16 (35 3
All 32 (100)| 15 (100}] W6 (100)| o3
TABLE 7 Employment status of FEV; cases, contrals and total

survey population.

Number of men in =sachk

esmployment group with percentages in brackets,

Three men excluded, sea text,

percentages not adjusted to justily totals.

Rounding error of

PVC

3:::::: izgsnrs Total
Total survey population | 165 ' P 264
Cases b (26) | 16 ( b3) 30
CQQtrull (average) 18 ( 34) 12 ( 32) 3
Controls (healthiest) | 21 (40) | 9 (2W 30
AL 53 (100) | 37 (100) %0
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TARLE 8 Distritution of obierved Tico an a percentage of predicted Tico uasing Cotes's regression
model for non-smokers, Mumbers of men {percentages in brackets) for the oases, two control
groups and total survey population.

Prco % predicted

60~ 69] 70 - 79| 80 - 89} 90 - 99 110 - 119

11 i2 4
(35.5) | (38.7) | (12.3)

Controls ' . "
{average) (35.5)

Controls o ! 14
(healthiest) (45.2)]

Total survey . 46
population (9.5)

LELLOO WHD
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TABLE 9

model for non-amokera.
groupa and total survey population.

Distritution cf observed FEV, an a pernentage nf prediotied FZV
Kumbera of nen {percentagos in brackal

using Coten'u regresstion
8) for the cases, two control

FiV, ¥ predicted

Total

£ |50~ 59] 60~ 6970~ 79| 80 ~ 89| 90 ~ 99| 100 - 109} 110 ~ 119] > 120

Canesy 1 Y 5 3 14 3 30
(3.3) | (3.3} (16.7)| (10.0); (46.7) | (10.0)

Controls k] 17 9 1 30
(average) (10.0}}{ (56.7) (30.0) | (3.3)
Controls 1 6 23 30
{nealthiest) (3.3) (20.0) [(76.7)
Potal wxzvey| I b 6 9 29 48 T4 47 46 264
population | o4y f € 1.5 | (2.3) | (3.4) | (11.0) | (18.2}] (28.0) (17.8) [(17.4)

*2¢



TABLE 10

6ELL0O0 WHD

ﬁl sbhbrevistions of ssoking categories are as followsi

C = gurrsnt -amokex

Tico uniis are ml/min, mm By,

E » Ex-smcker

¥ « life-long non-geoker

1

Detsils of the 10 PVC (sotory Tico cases with the lowsst standardizad residual values of Trco. Cass No. 1

did met complete the spirometry tass, Predicted velues sre for non-sacksrs (Cotes, 1979), o
oo aee ::.__:;:u s Ef:-rnd) :;t:dict-d) ::'::iftod E:‘lalrlrt::). :.:Edlilctt?:) —yra:llctod litres m
1 [0 -3 o -~ 2,89 20.1 3.6 sA.3 . - - - - -
2 165 - 69 B - 2.7 .1 27.h 51,3 2.1 3.0 69.8 3.8 55.2

4

)_ 35 - 39 c - 2,22 20,1 31.8 63.5 3.6 3.8 95.2 5.2 68.9 ‘
& |0 - 4% E -2.15 30.9 30.5 68.% 1.2 3.5 34.3 3.5 35.1 i
5|35~ g - 2.1 20,8 32.1 64.6 3.2 3.8 8.9 .1 77.9 "
6 |55 -5 G - 2,02 L 23.9 61.4 2.6 2.7 95.5 3.3 7.9 .
7 150 - 54 a - 2,01 15.4 25.9 59.5 2.7 3.0 90.6 4.3 62,2
8{35-3| '¢c - 1.99 233 35.5 £5.6 &2 ha 101,7 5.7 7h.3
9 |45 - 49 ] - 1,92 2.5 29,2 77.0 k.1 },n; ’ 120,1 5.1 80,0
10 150 - 54 c - 1.8'{ 1.8 29.0 6h.0 3.6 3.% 107.9 k.7 75.8




TABLE 11 PVC factory Tico cases and controls.
each occupational group with number of men in brackeis.
for key to oceupational groups.

spent 1.7 years in this group.

36,

Mean times (years) spent in

See Table 1

Amongst these caszes and controls,
the only man who had spent time in occupational group 6 wasa current
employes, selected as one of the 12 'healthiest' comtrels. He had

Numbex Qecupational groupas
of men 1 2 3 | 4 5
CASES
Current men 11 3.7 o.b 6.1 9.0 9.7
&) (s} (3 () (2)
Leavers 8 1.6 0.8 11.8
(s) (6) (1M - -
AVERAGE CCNTRCLS -
Current men 9 9.1 141 6.8 7.4 12.3 i
(3) (3) (1) (W) (1) -
Leavers 4 0.7 C.b 1.8
(1) ) - &) -
EEALTTISST COVTROLS
Current men 12 3.3 1.2 10.8 7.3 3.3
(5) (8) (1) (2) (2)
Leavers 3 1.5 0.5
(1) . (3 - - -
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TABLE 12 Foundry Tico cases and controls. Mean times (years) spent in each
See Tahle 2 for

35.

occupational group with number of men in brackets.

key to occupatiocnal groups.

Occupational groups

Number
of men 1 2 3 4 5 § 7
CASES 12 73 3.0 12.3 k.0 3.2 1.4 1.0
» | (@ (5 (7) (2) 2 | (0
AVERAGE . '
CONTROLS 18 L6 | 16.1 30,4 9.4 7.4 10.6 2.5
(3) (5) (1) (9 | (1) (s) (1
sEarmrEsy | 16 13, | 4.5 12.7 | 12.5 1.6. | -
CONTRCLS ) | ) - | @ . ® |- -

TABLE 13 PVC factory FEV, cases and controls,

Mean times (years) svent in

each occuvational group with numbter of men in bragksts. See
Tahle 1 for key to occupational groups.
NMumber Oceupational gmoups
of men 1 2 3 4 5 6
gAsEs |
Cuzzent men 14 5.5 1.3 b3 6.1 6.8 3.8
- A7) (8) (2) (6) (2) (1)
Leavers 16 2.1 0.8 b,7 1.0
€-)) (9 (3 - (2) -
AVERAGE CONTRO&i
Current men 18 3.2 1.2 5.2 7.6 7.7 5.0
(10) | (10) (1) (5) (2) | (2)
Leavers 12 1.3 0.9 4,1 ) 1.2 3.1
(5) (7 (3). - (3) (2)
CONTROLS .
- C‘nmnt nen 21 6."' 102 O.? 702 396 2.6
(10) | (1@ 2) (9) (3) (2)
Leavers 9 1.2 0.3 2a1
(2! (& - (2) - -
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TABLE 14

For Twco analysis, the distribution of numbers of
PVC cases and contrcls who had worked at the FVC

factory before 1975 and only after 1975.

Average | Healthiest .

Cages Conggg}a Controls Total
Pre 197% 17 1 5 33
Past 1975 2 ) 10 14
Total 19 13 18 1Y}

TABLE 15 PVC factory Tico cases, Number of men within each age group and
duration of pre=1975 employsent category.
Age (yzs) |
Time of Duration of & \v= ‘ Potal
wploynent | @ployaent | g 4 |25 - 34|35 - 44 (45~ 54|55 - 64 165 +
<2y 3 4 1 9
Pre 1975 2-473r 2 3
>4y 4 5
Post 1975 - 1 1 2
Total 1 6 8 1 19




PVC factory TiLzo average controls., Number of men within each age
group and dyration of pre-1575 employment category.

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

Pre 1975

Post 1975

<2yr ’ 1 2
2-4yr 2
>4y 1

- 1

Total

5

TABLE 17

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

Time of
enploynent

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

Pre 1575

Poat 1975

{2yr
2~4yr
>4y

Total
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TABLE 18 For FEV, analysis, the distribution of numbers
of PVC cases and controls who had werked at the

PVC factory before 1575 and only after 1975,

Average | Healthiest

Cases Controls i Controls Total
Pre 197% 23 18 19 €0 )
Post 1975 7 12 1 3
Total >0 30 20 R )

TABLE 19  For Tico analysis, the distribution of gsumbers of
foundry cases and controls who had worked at the
foundry before 1975 and only after 1975.

Average |Healthiest
Cases Controls | Controls Total
Pre 1979 8 13 12 33
Poat 197% L 5 4 12
Total 122 18 16 he
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TABLf: 20 For Tweo analysis, the distribution of PVC factory
cases and controls who had worked with different

polyzers,
Average Healthiest

Cages Controls Contrels Total
Emilsion and
suspension § 8 b 18
Sugpension only 9 3 " 23
Neither suspension
nor em:lsion 4 2 ) : é
Total 19 13 15 47

TABLE 21 For FEV, analysis, the distribution 3f PVC lactary cases
and controls whko had worked with differens

polymers.
Average Healthiest ,
Cases Controls Controls Total

Bmilsion and

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

por emulsisn 4 “0 7 21
Total 30 30 30 S0
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TABLE 22 PVC. factory Tico casss and con*rols., Number of men who have .
worked in roxious occupations with mean rumber of years
spent by these men in bracksts., See Appendix 2 for list
of 'othaxr' poxious occupaiions.

' Nuzber Noxious occupations
of =62 | 5igel | Chemicals | Coal | Other
CASES 13 8 1 7 8
(5.5) (1.9) (10.1) (11.5)
AVERACE 13 o 3 6 7T
cowTROLS (5.6) (6.9) | (icw4)
FEALTHIEST 15 3 0 2
CONLS (6.1) - (17.4) | (7.0

TARLE 23 PVC factory FEV: cases and controls, Number of men who have
worked in noxious occupations wilh mean rumbaer of years
spent by these men in Srackets. See Appendix 2 for list
of 'other' noxious ccsupations.

Mugber Noxious occupations
of 3¢8 | 5i0e1 | Chemicals | Coal | Other
CASES 30 10 5 16 16 |
(4-5) (4.0) (1507) (1302)
AVERAGE.’ jo 7 6 9 15
CONTZ0LS (9.8) (14.0) (6.3) | (7.9)
HEALTHIEST 10 4 4 1 18
CoNTROLS (17.8) (9.1) | (13.6) | (8.9)
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TABLE 24 Poundry Tico cases and controls. Number of men whko hav
worked in noxious occupations with mean mumber of years
spent by thesa men in %rackets. See Appendix 2 for list
of 'other' moxious occupations.

Noxious occupations
Rumbex
of men Steel Chemjcals Coal Other
CASES 12 1 0 0 5
(3.0) (0.0) (5.4) (1.3)
AVERAGE 18 2 o] 4 8
CONTROLS ~ : :
(9.6) (0.0) (9.0) | (10.9)
HEALTHIEST 16 2 0 5 5
CONTKOLS
(4.7) (0.0) (2.9) (7.2)
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TABLZ 25 Smoking habits of Tiuco cases, controls and
total survey population. Sumber of men in each
smoking category with percentages in brackets.

Voo~ Current . |

Smok er Szmokerw Ex-Szciker | Total
Cases 3 (9.7) | 20 (64.5) 8 (25.8) i
Controls
(average) 4 (12.9) ] 15 (48.4) | 12 (38.7)| N
Controis
(ncalthiest) | 7 (22.6) | 15 (48.4) | 9 (29.0) | 31
Tosal survey
population | 109 (22.5) | 234 (48.4) | 141 (29.1) | 484

TA3LE 26 Smoking habits of FEV, cases, cortzols and
total survey population. Iumber o, men in each
moking category with percentages in brackets.
[ Yoo~ Current | pcaover | Total

Smolker Smoker

Cases 5 (16.7)] 13 (43.3)] 12 (40.0)| 3¢
Controls

(averags) 7 (23.3)| 15 (50.0)} 8 (26.7)| 130
Controls

(neslthiest) | 9 (30.0)| 12 (40.0)[ 9 (30.0)} 30
Total survey

population 59 (22.3) | 125 (47.4)! 80 (30.3) | 264
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Fig. 2 Number of men by ranges of FEVy standardised residuals
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Fig. 3 Number of cigarettes smoked on weekdays -
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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.
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Fig. 6 Maximum 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. 7 Maximum number of cigarettes regularly smoked
per day by FEVI cases and 'healthiest' controls.
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Fig. 8 a) Aga when started smoking b) Age when started smoling cigare‘t;’._es,
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Fig. 9 a) Age when started smoking b) Age when started smoking cigarettes,
cigapettes, for 1-‘1-::11'l cases and for FEV, cases and 'average' controls,

e b ———— et

'healthiest' controls, who are who are turrent smokers.
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3.
APPENDIX 1

SMOKING QUESTIONMALIPE

Do you smoke?

It NO

1a

Have you ever smoked as much as one cigarette a2 day
(or one cigar a week or an ounce of tobacco a month)
for aa long as a year? :

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

How old were you when you started smoking regularly?

How old are y2u now?

Do (did] you smoke manufactured cigzarettes?

Ir YES

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

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

be Wnat was the greatest number of cigerettes you ever
saoked regularly per day?

4d For how long were you mmoking that mamy?

be Since starting smoking tobacco have there been periéds
during which you did not smoke cigarsttes?
I Y28, for how long altogether were you not smckirg
cigarottes? '

bt (Apart frox those times) what was the least nusher of
cigarptios You ever smoked regularly per day?

bg For how long wers you smeking that many?

Do (did) you smoke handeroclled cigarettes?

If 1Es

Sa

How sach tobacco do (did) you usually smeke per week in

this way?
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APPENDIX 1, page 2

54,

(did) you smoke a pipe?

YES
Bow much pipe tobacco do (did) you usually smoke
per weei?

(did) yeu smoke small cigars?

1ES

How many of these do (did) you usually smocke per week?

{did) you smocke other cigars?
YES

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

For ex-smokers:

When did ysu last give up smoking?
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APPENDIX 2

NCXIOUS CCCUPATICHNS

In the classification of noxious occupations the Zollcwing jobs were

included in the category 'other'. Although it ia recognized that

scme of the jobs included in this category are not widely recognized

as 'noxious', it was considered that they may on occasions be
associated with health hazards and should therefore be included in

the classification of noxiocus occupatiouns

Brewing

. " Baker
Flour miller
Farm worker

Wocd ecutter/sawmill warker

Conatruction worker
Bricklayer
Plasterer
Quarrynan

- Paper mill worker
Electrician
Joiper
Glasaworker
Velder
Scrap burner
Foreman
Coking plant worker
Turnace operator
Car body revairer
Paint sprayer '

. Painter/decorator

Tarmacadam exposed workers
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APPENDIX 3

Develozment of the multinle linear regression model used in the
analysis of the data from the total survev vovulation

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

These relationships were looked at again 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 in the amount of variatiom sxplained. However, this zroup

of smokers did not hive a significantly lower mean TiLzo after age, height
ond weight had been taken into sccount than non-smokers and the age slopes
wars similar., The model used for Tico (but not the FEV, model) was
further improved by introducing dirferent iatercepts and age slopes for,
thres categories of smcking, non-smokers, current smokers and er-smokers.
This analysis showed that for ex-smokers the mean valu+ of TLzo was _
significantly higher thun that of current smokers (P < 0.05) but that they
exzerienced a greatesr loss of Tuco with age than current azd non-smokers
although these differences were not statistically significant (Table 4).

Further expansion of this modsl by allowing differsnt intercepts and age
slopas for She differsnt employment categories (current and former
ezployees at the PVC factory and foundry employees) within the three
snoking grours did not make & significant improvezent to the model.
However, this analysis did indicate that the mean Tico level for leavers
from the PVC ractory who were current smokers was significantly low r

(P € 0,1) than current PVC factory employees who ware non-smokers.
However, the age slope of this group did not differ significantly from
that of current PVC factory employees who were non-smckers. Hence the
godel used was the ome in which different intercepts and age slop 3 were
alloved for the three smoking groups.

For ressorns of consistency the FEV; analysis was also based on this same
model although there was no significant improve=ent in the amount of
variation explained as 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 losas of FEV, with age betwsen non-smokers and currenmt

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

Regression for Tico (ml/min. mm Hg) allowing different
intercepts and age alopes for three mmoking zroups.

Yariables Units ¥ean

Regression

coefficiant

42.2

173.8
80.2

Age YTears
Height

Waight

ca
kg

=0,2245
0. 1552
0.0572

Constant for mope-smokers

Ensta.ntl

SIntercﬂtaz

10. 3052

Effect on intercept of:
Current smokers
Exeamok acs

«2, 5288
1.4554

Effect on agw slope for:
Current smokers
Ex-gnokers

TANLE 2

Regreasion for FEV, (() allowing different
and age slopes for threse smoking groups.

Varizblag } Uniiz | Mean

, icsronion

coefficient

t

Tears
=

kg

Age
Height
Weight

=0.0309
0.0420
" 0,0003

4.55
7413
0.09

Conatant for oon-mmckers

Constants
+

=2.1725

Effect on intercept of:
Current smokars
Ex-mmokers

0.4209
0.2675

Bffect on age slope for:
Carrwnt mmokers
Er-mokers

. =0.0149
=-0.0096
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various respiratery sywptoms, and gastrointestinal dis~
turbances, such as nausea, vomiting and loss of appetite,
are componly reported by styrene-exposed workers. Other
abnormalities reported include headaches, tiredness and
sleep disturbance. Aftér a peried of exposure, adaptation
may occur and there can be a decrease in the various symp-~
toms. Nevertheless, significant slterations still exist
among currently employed workers.

Several systematic studies of the various clinical ef-
fects frow styrene exposure have been conducted in recent
years. Many of these focused on possible neurological
alterations and clearly demonstrated adverse findings at
moderate styrene exposures (less than most natiomal stand-
ards). The most extensive of these is that by investigators
from the Institute of Occupational Health of Finland
(Seppiliinen and Hirkénmen, 1976; Lindstrdow et al, 1976;
Hirkonen, 1977; Hirkdnen et al, 1978). They examined 98
wvorkers employed at 24 plants manufacturing FRP products.
Air concentrations were sampled and ranged from 5 to 300
ppa. The means of five post-workday urine mandalic acid
(MA) concentrations ranged from 7 to 4,700 mg/l with a lin-
ear relationship existing between the log of the MA concen~
tration and the log of the styrene concentration. The mean
value of MA in the population was 808 wmg/l and corresponded
to an exposure of about 40 ppm of styrene. Abnormal EEG's
wvere found in 30% of those with MA in excess of 700 mg/l,
cospared to about 10% for those with lower MA values and
normal controls (Seppiliinen and Hirkonea, 1976). Lindstrom
et al (1976) noted increased visuomotor inaccuracy (symmetry
drawing and Bourdon -Wiersma tests) and lowered psychomotor
performance (Mira test) for various MA concentrations rang-
ing from 800-2,000 mg/l (See also: Hirkdnen et al, 1978).
Fetigue, irritation, difficulty in concentration, nausea,
dizziness, and lightheadedness vere more frequently reported
by the styrsne-exposed wvorkers than by unexposed controls
(Hirk3nen, 1977).

A deteriorating EEG among styrene workers has also been
described by Klimkova-Deutschova et al (1973). Alterations
of nerve conduction have been documented by Rosén et al
(1978) who observed an increased duration and decreased
amplitude of sensory sction potentials. Lilis et al (1978)
suggested the possibility of a decrease in peroneal nerve
conduction velocity. The decrease, however, was only asso-
ciated with length of employment and not intensity of expo-~
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sure. Subjective symptoms of physical snd mental tiredness
after styrene exposure have been reported by Klimkova-Deut-
schova et al (1973) and Cherry et al (1980), among others.
The reported neurclogical findings among styrene-exposed
vorkers are less serious than those reported in somse other
groups occupationally exposed to solvents, such as as painte
ers (Lindstrém, 1980; Hane et al, 1977). However, the
continued exposure to conceantrations causing the observed
abnormalities may lead to more serious central aervous
systam impairment.

In addition to neurolegical disturbances, alterations
of pulmonary function have been noted among styrene~exposed
workers. Lorimer et al (1977), in an examination of 494
polymerization workers, found a reductien in :E'EV1 to be
associated with intensity of exposure and with urine MA
concentration. Further, the workers in the higher exposed
group reported a greater percentage of acute and recurrent
lower respiratory symptoms. HirkSoea (1977) reported aa
increase in incidence of chronic bronchitis which correlated
wvith intensity of exposure. On the other hand, Axelson et
al (1978) did not find any abnormalities of pulmonary func-
tion among 27 FRP boat manufacturing workers.

Laboratory test results bave been rather unremarkable.
Lorimer et sl (1977) suggested the possibility of increased
lymphocytosis among polymerization workers and Checkoway
(1982) found a correlation between decreased red blood cell
count and increased basophil count with styrene/ butadiene
exposure. Iacreased blood enzyme coacentrstions, charac-
teristic of abnormal liver function, occasionally have been
reported. Lorimer et al (1977) found a significant increase
in concentrations of GGITP (gamma glutasyl traaspeptidase)
and Hetz (1980), notad incressed concentrstions of OCT
(orinthine carbamoyl transferase) and ALAT (alanine amino
transferase) among polymerization werkers.

SOMMARY OF HUMAN MORTALITY AND MORBIDITY

The limited epidemiological studies of mortality asso-
ciated with styrene exposure do not demonstrate any excess
cancer risk that can be attributed to styrene, although
elevatad risks for laukemia have besn noted in exposed
groups. However, these axcesses may be related to exposures
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to other chemicala, such as bepzene. The studies are se~
verely limited because of the relatively low styrene expo-~
sure of the groups studied. They provide no guidance on
carcinogenic risk in populations much more beavily exposed
as in the FRP industry. The significant ¢linical findings
among styrene-eéxposed workers are largely limited to abnor-
palities of the central nervous system, where a variety of
objective and subjective symptoms have been reported in the
FRP industry. Concern for long-term degnerative neurologi~
cal disease exists for continued long-term exposure in this
industry. The possibility of pulmcnary effects from styrene
exposure has also been noted.
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