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AN EPIDZ-IQLCGICAL STUCY CF THBE LING FMNCTION OF WCRKERS
AT A FACTORY MANUFACTURING PCLIVINYLCELCRIDE

by

ME Lloyd, S Gauld, L Copland, CA Soutar

ASSTRACT

We have conducted an epidemiolozizal study to investigzate
a revort that some men working in a fagtory manufacturing
prlyvinylekloride (PVC) had abnormally low values of one
Inng function test, nzmely the sirgle breath transfer
factor for carbor menoxide (Twco),.

We studied 265 present and past employees of the PVC
factory, and 219 men from the workforce of a nearky foundry.
The foundrymen were included to increase the number of men
with little or no s.posure %o possihle rusvriratory hazards
at the PVYC factory. Zach man's Tico wzs measured, and
amoking history and detailed occuwational histery obtained.
More detailed lung function tests were carried out on %he
PVC workers only (forced expiratory flow-volume curves),

The study consisted of two parts; wmeasurement of the Tico
of current and past employees at the factory and current
foundry employees and examination of the distribution of
residuals after allowing for age, height, weight and smeking
habit, to search for evidence of an excess of men with low
values of Twco; and a case-control study. In this, men
with tne lowezt Tiuco after allowing for ase, height, weight
and smeking habit were selected as cases, and their occupat-
ional history compared with that of two grouss of controls;
one group selected from those with near averace gas transier
values, and another group from those with the highest values,

The Tico results ameng this comhined population conformed to
a Normal distrihution after allowing for age, neight, weight
and smokinz hahit, and did not suggest that a suhstantial
numher of men had c¢linically important impairment of their
Tuco.

The 31 men selected as 'cases' included 15 men whose Tico was
abnormally low (less than 7Q% of published predicted values),
of whom “were FVC woriers and 3¥1¢ were foundrymen.

Among the 1S cases working at the PVC factory the pattern of

lung function abnormality suggested that the low Tuzo was
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accompanied by evidence of airflow cbstruction in 11 men,
suggesting the presence of emghysema, hut was an isolated
funetional abnormality in the other eight. possibly
suggesting the presence aof pulmonary f{ibrosis or
abnormalities of lung perfusion.

PVC workers ware slightly over-represented among the cases,
although this 4ifference could easily have arisen by chance.
Men who had wozked cn jobs at the PVC factory which were
close to the pressure vessels where exmosure to vinyl
chloride monomer was most likely to have cecurred in the
past, were also slightly over-represented ameng the cases,
and this difference approached statistical significance at
ccnventisnal levels. There was, furthermore, a statistically
significant association betwsen low Tvco and a history of
having worked at the PVC factory before 1975. This date is
important bYecause it was at this time that exposure of the
workforce to viayl chleride monomer was drastically reduced,
in the light of information about some of the potential
hazards of this gas.

The cases ircluded slightly rore smokers than the controls,
and those cases who smoked, smoked Slightly mere heavily than
controls.

The r2lative importance of these and other factors in causing
the lung functional abnormalities is not clear, but thease
findings give some suypport to the hypothesis that work ir the
FVC factory hefors 19795 involved exposure to a substance that
caused impairmenat of lung function in a swall number of mea.

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

The results suggeat that more detailed studizs of the relation-
skips witi vinyl chloride moncomer, rolyvinylehloride, smoking
babit and cther causative factors would be desirable, together
with a clinical assessment of the lung damage in selected men.

: CHH 007707




4. INTRODUCTICHN

The health of workers employed in the merv¥acture of polyvinylchlsoride
(PYC) has teen a c2use of censern during recans ysars, Ssze adverse
effects of exposure *o vinyl chleoride moncmer (VCM) are well
recognized, but lung diseaze in m=an has nct been shown te be related
to exposure te VCM. Cuwosure to airborne FVC dust, hawever, has been
shown &tn cause slight impairent of lung function and slight chest

radiographic abnormalities,

Vinvl chloride is %he basic raw material used in the pruductien of PVC,
Although the manufacturing process was first developed iz 1928 in the
USA it was not until 30 rears latsr that evidenc2 of the toxic effacts
of vinyl ¢hloride ecrosura Legan to accumulate. GCRIILE (1683 wig the
first to descrita scro-ssteolysis in reactor cleansrs in 3elgiua and in
the followinm year SUCIU (1947) described Raynaud's chenomenon among
workers in a rVC factory. Cranges in the skin and internal organs vere
sunzequently rcecognized and in 1974 the term 'vinyl chleride diseaga’

was us2d to deserib.s the syrdrcme whish lLas many features in common with

sclerocerma (VELTMAN 2t al., 1975).

The hepatic effects of exvesurc ts VCM have arcused ths most interest

and include nen-mallignant changes, It was the discovery c¢f the
association between vinyl chloride exposure and angiosarcomz of the liver
(CREECH and JOENSON, 1974) which causad the greatest concera and affirzed
the nsed for stricter contrel of exposure levels. Ia 1375 regulatisn
were introduced which established a ceiling exposure value of 30 pérts
per millica (ppm) and an eight-hour tizme weignted average (TWA) of

10 ppm. In 1980 the permitted maximum expecsure was reduced %5 an

arrual averaze of 3 prm.

1.1 Respiratory offects of YOU and EBVC

The work descrined in this report was coafised to a study of the lung
function of workers in a factory producing PVC where men ware exposed
potentially to VCM, PVC and the other compounds used in the manufacturing
process, Frevicus siudies involviers the use of animals, obsarvation on
patients and epidemiological surveys. have provided information on the
potential resviratory sffects ol thkese comrounds,
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2.

TaTa1 Animal studies

The toxicity of both VC and FVC has been investigated in animal
experiments. PRCDAN et al. (7975) exposed guizea pigs to 1% vinyl
chloride concentratica for two lhours daily for periods of up to three
months, At sutopsy the lungs of all exposed animals showed the
presence of fihrosis which was most gevere in the animals which had
had the longest exposure time. AGARWAL et al. (1978) studied the
effect of intratracheal injections of PVC dust in rats and found that
inflarmatory changes were induced in the terminal and resgiratory
alvecli and that granulomatous lesions associated with multimucleated
- glant cells developed., Similar gieat cells and histiocyies were
identified in the alveoll of the lungs of small mammals whicn were
kept iz the bagging area of a PVC factery (FRONGIA at al., 1974).

1.1.2 Clinical studies

There bave been izolated case revorts of pulconary disease in workers
enployed in factories asaufacturing FVC.  ARVADD et al. (1673)
studied & 53-year-old man who ha& warked for 23 years in the bagging
plaat of a PVC factory. Eis chest X-ray shosed rmcroncdular shadowing
and lung biopsy revealed large numbers of macrophages containing
- particulate material and moderate diffuse fibrosis and a few alveolar
gramulomata. FEowever, his symptoms were few ani apart from a slight
reduction in vital capacity, his lung functfon tests ipeluding khis
transfear factor for carhon mozmoxide wore normal. Eiz disease was
Provably related to PVC dust rather than VClH.

" DARKE (1975) izvestigated 14 ger who nad been esployed in a PVC
nanufaciuring plant exposed to VUK and all of whom complained of
bSreathlesasnesa. He found that tacir chest radiographs were normal.
In six of these men transfer facinr for carhon monoxide is reported
a3 beiag impaired but nO measurements or details of other lung funetion
tests are given. Lung bi&rpsy from one of the men showed focal
alveclar wall thickening snd macrophages preasnt in alveclar spaces.
LANGE et al. (1973) described some cases of VC workers with impairment
of transfer factor for carbon monoxide, but the relationship with

_ sgecupration was not clear. . ) - -

.
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3.

1.1.3 Epidemiological studies

Studies of pulmonary function of workers employed in PVC manufacturing
plants have produced conilicting resuits, and it has not always been
possible to ssparate the effscts of FVC dust from potential effects of
VCM. A high prevalence of abnormal lung functiom, mainly obstructive
in type, was found by MILLER et al. (1975) and LILIS et al. (1975; 1976)
among workers in two FPVC 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 the lung function of workers in a PVC plant with that of
Tubber workers and chemical workers exposed to VCM: no significant
differences were found in the lung function of these three groups but

no meusured personal exposures were available. VERTKIN et al. (1970}
studieqd 36 PYC workers in the USSR and found a high prevaleaze of chest
radiograph abnormalities but the zmajerity of the workers had normal lung
funziion tests, CHIVERS et al. (1930) similarly found no appore=t
impairment of lung function akons 509 employees in a PVC factery of whom
104 were exposed tc PVC dust omly, 112 to non-chlorinated solvents only
and the remaining 293 vere exposed to a mixtwwre of both., Ho differonce
between the three groups was identified and the ctssrved impairment of
lung function in some mern was related entirely to the effects of smoking.

However, measurasd personal exposures were not available for thcse men.

A study of 818 men currently and previously employed at a PVC manufaéturing
plant (SOUTAR et al., 1980) in which estimates of personal exposure to PVC
dust were based on detailed occupational histories and current

messurements of dust levelz ip the factory skowed a statistically signitficant
reduction in tosts of lung function among men with the highest PVC dust
exposure, and some of these men had amall rounded opacities on their chest
radiographs. The men with these radioclogical changes had significantly
lower mean lung function teat values than men whose films were

considersd 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 was requested bty Vinatex Ltd., and was carried out with
the full agreement of management and werkforce, and arose from their
conc rn ahout some employe s whose lung function, particularly the
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transfer factor for carbon moncxide, 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 blocd. The study was
designed to describe the distrihutions of varicus measures of lung
funstion, including the transfer factor, in currvent ard former employees
at the PVC factory and to identif{y 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
abrormally low lung function values and persoral, occupational and
snvircnmental factors.

Tha total survey vopulation ineluded the workforce of two facteries;
one was the ’VC fastory of intarest and the cther was a large iren

foundry situated a few hundred yarda away.

1.2.1 The PVC factorv

The plant had Seen in operation since 1969 and for most of that time had
vroduced suspension polymer. For a periocd of three years (9971 - 1974)
emulsion poiymer, whizh has a smaller particl.e size than suspensiecn
pclycer, had been manufactured in one of the twc reactor buildings.

During the manufacturing process vinyl chloride is pumped frcm tha tank
farm storage area via another storage tank to two reactor buildings.
Under conditions of increased temmeraturs and pressure and in the
presencs of other substances acting as catalysts and surfactants,
polymerization of VCM takes place. The resulting PVC is piped as a
slurry to tlending “anks and is then dried by centrifuging and rotary
drying. The dried polymer is sifted and either removed tu atorage silos
or bagged and storwd in the warshouse before bveing dispatched. The
manufacturing process is operated in batches throughout the 24 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 b
'A' operators and sometimes 'Lead' operators.

Available data suggest that prior to 1975 levels of VCM in the factory

_ were considerably higher than the current luw levels. During the pericd

1969 - 1975 men working in the reactor buildings, and particularly those
involved in the manual cleaning of resctors, are likely to have been

exposed to the higheat 1 vels of VOM.




Se

1-2.2 The fcund

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

appropriate moulds to which various finishing technigues were applied.

cMa 007712




6.
2. METHQDS

2.1 Selaction of the survey population

All 177 men currently employed at the PVC factory were invited to take
part. The names of arother 263 men who had worked at the plant asince
it started production in 1539 were identified from factory records and
attempts were made to trace and invite all these men using information

supplied by the management, union representativea and local records.

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

2.2 The medical survey

The factories were visited by the medical survey team and men werse 3ean
by appointment.

Details of each =an's smoking history ware recorded by a trained clerk
using a questionnaire which was a modified version of the smoking section
of the Madical Ressarch Council Questionnaire of Respiratcry Symptoms
(MRC, 1976) (see Appendix 1).

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

211l PVC factory employees had measurements of forced expiratery volume in
one second (F2V,;), forced vital capacity (FVC) and gas transfer Zactor
for carbon momoxide (Tuco). For foundry workers, approval was ootained
for messurement only of Twco. Measursments of FEV, and FVC were made
using an eleztronic dry rolling-seal spirometer (Chio 800Q). After a
practice expiration, three forced expirations whick were considered to de
technically satisfactory from & maximum of six were recorded. The
maximum values of FEV, and FVC, not necessarily in the same breath, were
used for the analysis, and the ratio of FEV; to FVC was derived from thes
figures.

CMB 0077, 4
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Single breath gas transfer factor for carbon monoxide (Tico) was
measured by the breathholding method of MEADE et al. (1965) based om
the modified Krogh technique. An automated spircmeter/gas sampling
system {Transfer Test B, P.K, Morgan Ltd., Chatham, Kent) was used ard
duplicate estimations were made for each man at least 10 minutes apart.
Technically unsatisfastory tests were rejected and repeated (i.e. if
the inspired volumes of the two tests differsd by more than 1(%, if the
spirograms of the manceuvres were of different shape or if the rates of
inspiration and expiration were too slow). The mean of the results of
the two satisfactory tests was used in the analysis,

Each man vas woighed fully clothed and his standing height measured.

2.3 Methods of aralvsis

The datz were studied initially by swmmary descriptive statistice and
multiple linear regressicn analyseas of lung function takipg into accaount
uge, height, weight and smoking habit. Subsequent examination of the
standardised residuals* was carried out and on the bYasis of this zases

and controls were selected.

2.3.1 Classifiéation of smokine histories

Men were assigned to one of thrae smoking catagories; lifelong non-
'smokcr, current srioker and ex-3moker. No distinction was zmade in the
analysis between type of smoking and the two 'smoker' groups included
smokers cf manufactured cigarettes, hand-rolled cigarettes, pipes and
cigars, since the majority of msan smoked manufactursd cigarettes.

2.3,2 Analysis of data from total survey vopulationm

The distributions of lung function and various explanatory variables

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

i.e. SR = (cbserved value - value vredicted froz fitted ecuation)
e (estimated standard deviation of the prediction)

CHa 007714
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were examined for systematic patterns amangst current and former employees
of the PVC factory and current employees at the foundry, This was
further explored for Tico and FEV, by multiple linear regression analysis
taking acccunt of age, height, weight and smoking.

The relationship between a man's observed and predicted values was
expressed as a standardised residual (SR). Thus men whose observed
values were close to the predicted values would have SR values clustered
around zero and correspondingly men with impaired lung function would hav
the largsst negative SR values.

The distribution of SR valuey wa3 examired to see if there was evidence
of an unerpectedly large number of mern with impaired lurng functisn and if
80, to examine if either PVC factory or foundry employess were ovor-
representad amongst *hese men,

2.3.3 Selaction of cases and controls

For each lungz functiom variavle those men with the largest negative SR
vualues were chcsen as cases. Two groups of controls were selected
rendculy, firstly frcm those men whose SRs were clustered arocund zero and
secondly from thogse with the largest positive SRs.

2.3.4 Case-zontrol study

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

-The cccupational and smoking histories of cases and controls wnre‘studied
for systematic differences, TFisher's exact test, chi-squared test for
2 x 2 contingency tables and chi-squared test for linear trend were used
where anpropriate.

Classification of smokins and emplovment histories

Swoking histories were classified as they were for the total populatien
(ses Section 2.3.1). Additional information about the number of
cigarettes mmoked and age of starting smoking was analysed in the case-
control study, Bread cccupational categories were defined for both PVC

CMA 007715
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factory and the foundry (Tables 1 and 2) and the total number of years
spent by all cases and controls in each oceupational category was
caleulatad. Additional information was available for PVC employees

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

From the full occupational history, the number of years in 'noxious’
industries was recorded. 'Noxioua' industries were classified into
four groups; the coal and chemical industries have certain well
recogrized hazards, while the lung funetior of zen in the steel industry
has bmen raported to be lower than men in non~dusty employment

(HIGGINS, 1970); the fourth, designated ‘other’, included industries in
which hazards could possibly arise although they would be less likely
than those of the oiner groups (See Appendix 2 for a list of ‘other

noxioua’' joba). Employment of men in the manufacturing of PVC gther
than at the PVC factory was alao noted,

CHMA 007714
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5. ERESULIS

T.1 Descriotion of total survev wooulation

A total of 4R8 men was geen consisting of 165 current PVC factory
employees (9% of those who were asked to participate), 102 BVC
factory leavers (39% of those who were invited) and 221 fcundry
employees (78% of those invited). Three men (one from each
employzent catagory) did not complete the Tico measurement and one
foundryman did not have height and weight values recorded; the
analysis was based on the remaining 484 men. FEV, and FVC measure-
rents were not obtained from three FVC factory leavers and were not
carried out on the 221 foundrymen and the analysis was trased
therefore on 264 men.

32 Analysis ef lung function data frem total survey poouiation

5421 Calculation of vredicted values and standardised resituals

The effects of age, height, weight and smoking habit on the Tizo and

FEV, were studied in this population by multiple linear regression.

‘The develorment of the regression model used is described in Appendix 3.
Standardised residuals (SR) -for Tuco and FEV, were calculated for euch
man from the final regression model. Thus a man's standardised residual
Tuco recgresents the amount by whish his Twco value differs from that
pradicted by his age, height, weight and smoking habit after standard-
tsatien.

le2e2 .Distritution of standardised residual values of Ti2o and TEV,
for total surver novulation

After allowing for the above factors, the standardised residual. values
of Tco for the total survey population showed a symmetrical
distribution, with no greater number of men in the negative tail of the
distribution than would be expected to have cccurred by chance. This
indicated thet there was no evidence that a subatantial nusber of men
had suffered a clinically {mportant reduction of their Tico. However,
for the FEV; SR distribution there were slightly more extreme negative
values than extreme positive values (Figures 1 and 2).

342.7 Selectiosn of cases and controls

It was decided that about 30 cases would f rm a study group of
appropriate size, Th threshold SR value for Tico below which there
was approximately this number of men, was = 1.5, giving 37T o n. A
007717
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control group of 31 men was selected randomly from those men with SR
values between - 0,25 and + 0,75 inclusive {Tuco 'average' controls).
A second control graup of 31 'extra-healthy' rmen was selected randemly
from those with SR values in excess of + Q.75 (Tueo 'healthiest'

ecnntrols).

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

selected as FEV, cases and two control groups, each of 0 men, were
selected randomly {rom those with an SR value between - 0.2%5 and + 0.75
inelusive (FEV, 'average' controls) and from those with an SR wvalue in
excess of + 0,75 (FEV; 'healthiest' controls).

3.3 General features of cases, controls and the tctal survey
peoulatiorn
3.3.1 Ace, height and weizht

The zsan age, neight and weight of Twco cases and contrcls, FEV, cases
and controls and the total population are given in Tables 3 and 4. TLeo
cases und controls were of similar age but cases teaded to be taller than
the contral groips. Although the mean ages of Tico cases and control
groups were similiar, study of the age distributisns (Table 5) showed an gu
excess of currezt PVC factory employees ip the 45 - S4 age group wien §

compared with both groups of controls und the rest of the population.
FEV; cases were slizhtly older and tailer than the controls and the rast -
of the population but there was no differsnce in the age distributicn
betweer employment groups or cases and controls.

3342 EZanloyment status and smoking habit -
The employment atatus of cases, controls and the total population is

shown in Tables & and 7. PVC factory employees were slightly over-
represented amongst Tico cases but this could easily have occurred by
chance.

Differences in smoking habit are discussed in a later sectica.

3.3.3 Luar functiom

The mean values of Tuco for Tice cases and controls and the total
population are shewn in Table 3 and mesn values of Ti.co, FEV; and FVC for
FEV, cases and controls are shown in Table 4,

CMA 007718
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Chserved Tuco and FZV, values were expressed as a percentage of values
predicted on the basis of Cotes's regression model (ZOTZIS, 1979) and
the distribution of “hese values for cases, controls ani the total
population are shcun in Tables 2 and 9.

3.4 Clinizal deserirmtion 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
were below 6CG% (Table 8). Nineteen of the 31 cases were from the PVC
factory and cf those, four mer tad FZV, values of less than 8C¥% of
their predicted value and low FEV,/7VC ratios indicating airflow
shstruction. The remaining 15 men nad FEV; values within the normal
range although furthe» examiretion of their lung function data (furced
expiratory flow-volume loopa) suzzested that seven of thcse mipht nave
=ild airflow obstructiorn., Datails of the 10 PVC wcrkers with the

lowest Tuco =tandardised residual values are given in Tahle 10.

Gf the 30 FTV, cases, 13 had observed FEV, values below 8C: of their
wredictad vaiuer and 10 of these were luss than 70¢% (Table ¢). The
majority (10) of the 13 men with reduced FZV, kad FEV,/FVC ratios balow
7% suggesting airflow obstruction. Seven of the FEV, cases were also
selectad as Tuco cases,

3.5 Caze-—contrel study

The occupztional histgriss and smoking habits of cases and controls were
compared in order to explore the observed differences in their lung
function.

Ze5e1 Creuvatioral histories of cases and controls

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

The majority of PVC workers had worked in more than one type of job and
in more than one hroad occupational category during their emplovment with
the company. Analysis of the mean duration of employment in each broad
categary failed t show any differences b tween Twco cases and their

CHA

007737




- 13.

controls (Table 11), thouzh more casas than controls had worked in

jobs in category 1, those occupations close to the pressure vessels
where exposures to VO were mostly likely to have occurred in the past.
This difference could easily have occurred bty chance, if PVC workers
alone are considerez2 but if the foundrymea are irczludad, 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 75 level. These occupational differences were not appavent for
the FEV, cases and controls (Table 13).

There was also movement batween 3obs at the foundrvy but thers were no
differences in the pattern of employment cf cases and controls (Table

12).

Pre-1975 emwlovment

Following the recognition of the pazards of VCM expeosure in 1973, levwels
of VCM in the factory were prbgresaively reduced during 1974 and by
January 1975 the exrosure levels were low, The rumbers of cases and
controls who kad hser emploved at the FVC fiztery before 1st January'
1975 were compared. Seventeen of the 19 FVC worker Tuco cases had

been emnloyed berore 1975 compared with five ol the 15 'healthiest'
controls and 11 of the 13 averaze controls (Table 4), Using a x¥ test
for trend, there was strong evidence to suggest a significuant increase
in the proportion of men working before 1975 over 'healthiest' controls,
'average' controls ond cases., Looking at comrarisons between groups
only the difference between cases and 'healthiest' controls was
significant., Aralysis of the duration of employment of men within
different sge groups showad that pre-1575 working was Seern in younger

as w2ll as in older men (Tables 15, 16, 17)., No differences were seen
in the number of men employed before 1975 between PVC factory FEV, cases
and controls (Table 18), A similar analysis ¢f foundry Tuce cases
failed to show any relationship with pre-1975 employment (Table 15).

In conclusion there is evidence tc suggest that employment at the PVC ¥
factory before 1975 was associated with impairment of Tuce.
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Exvosure to emulsicn nolymer

The employmezt of cases and controls in the manufacturing of emulsion

polymer was studied and compared. No man had been exzlusively
invelved in the production of emulsioa polymer so men were divided into
three groupe; thuse who had worked with suspension polymer only, those
who had worked with both suspension and emulsicen, and thesa who had not
been exposed to either., Similar proportions of TLco cases and controls
(Table 20) acd FEV, cases and controls (Table 21) are represented in each
of these three groups, Thers is no evidence that exposure to emulsien
volyzer adversely affected the lung function of those whe worked with
it.

Frevious ermloyment in other induatries

There wzs no evidence that the obsarved differences batween cases and
conirols 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 cales and controls or ir the mean
nunbers ¢f years spent by tiem working in other industries which might
be considered roxious {_.s. cnal, steel, chemicals and 'others')
(Tables 22, 23, 24). No gen 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 smokers
than were ei‘her group of controls (43%) or total survey popnulation (43%)
(Table 25). This difference was not seen between the FEV; cases and
controls but thers wers more ex-suokers among the FEV; cases than there
were smong the cortrols (Table 26).

The smoking histories were examined in greater detail by analysing the
nusber of cigarettes which current cigarette smokers smoked daily both
on weekdays and during the weekend, the asumber smoked by each man during
the maximum smoking periocd of hix life and the age at which each man
started smoking.

There was no signiticant,&itference in the number of cigarettes smoked on
ve kdays between both groups of cas s and the 'healthiest' controls (see
Figures 3 and 4), and similar results wers found for 'aversge’ controls.
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Analvsis of weekend smoking showed that more Tico cases smoked 25 or
more c¢igareties per day than did the Tugo healthiest controls

(Figure S). No such differerce was found to exist with average
controls. Comparing the weekend smoking habits of PVC factory and
foundry Tuco cases, it was found that a larger 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 rer day

at weekends, This difference was not seen between casses and healthiest

controls.

Corsideration of the number of cigarsttes smoked during a man's maxigum
smoking period =howed that 2¢ the men at the PVU [lactory, five of the
13 Tuco cases, comparad with rone of the six Tveo'hiealthiest' contrala
had smoked a maximum of 25 or more cigareties per day (Figure 6). but

this difference in proportions could easily have arisen ty chance.

The aze at which men startsd smoking was also examined. There weras
sigrificant differences between cases and controls. Qf the 20 Tueo
cases who were current smokars, eigpnt had started smokins by cthe age of
15 cempared withx nne out of the 14 'healthiest' controls and 16 had
started by the ace of 15 compared with five out of tre 14 'heslchiest'
controls (Fizure Aa), while the [igures for averare controla were that
six out of 15 had started smoking by the age of 16 (Figure &b). Of
the 13 FEV, cases whc were current smokers, seven had started smoking
hy the age of 16 compared with two of the 11 'heaithiest' controls
(Figure Sa). These differences were not seen between cases and
'average' contrels (Figure Gb).

In conelusicn Tuco cases and 'healthiest' controls and FEV, cuses and
'avarage' controls differed in the number of men smoking 25 or more
cigarettes 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 thaz controls. g

cMA 007722




16.
L, DISCUSSION

The present study had two aims. First, to describe the lung function,
particularly the Tice, of current and past employees of a factory
manufacturing PVC, and ssek evidence of a possible excess of men whose
Tuco was abnormally low. Second, to examine the relationship between
Tico and occcupation and other personal and environmental factors by a
case-control study, in which tha cases were men with lowest gas transfer
factor after allowing for age, height, weight and smoking habit.

Men from a nearby foundry were included in the study in order to inecreuse
the number of men with low or no exposure t: possible respiratory
kazards at the PVC factory, but who were exposad to similar envircnnental
conditions sutzide their workplace. In all 265 men frem the FPVC factory
and 219 nen from the foundry were included iz the Tico arnalysis.

The TLco residuzly among this combined population conformed approximately
to a Normal distribution after allowing for age, height, weight and smoking
abit, and did net suggest an undue excess of extremely low valves. This
ndicated that it was unlikely that a substsntial nuzber of men in the

hole populatinn were su!ferin; from & clinizally inportant reduction of
he Thco.

In the cass.control study the 351 men with the lowest Ttco sfter allowing
for age, height, weight and smoking habit were selected as 'cases'.

This does not imply that all 31 were suifering from lung discase, out
atong them were 15 men whose Tico was less thax 7C% of the value predicted
hy published normal values, a lovel which would generally bé regarded as
abnorwally law. Among the 19 cases at the PVC factory the pattern of
lung function sccompanying the low Tnco was that of definite airflow
cbhatruction in four men, and possible airflow obstruction in another seven
men, suggesting the presence of emphysema. The remaining eight men did
not have evidence of airflow obstruction or reduction of their lung
capacity (wital capacity). This pattern is unusual in clinical practice,
and may possibly reflect pulmonary fibrasis or disturbances of the bloed
flow in the lungs. The degree of reduction of transfer factor of carbon
monoxide and asanciated airflow cbstruction might have been sufficient to
cause breathlesdsness on exertion im some of these men.
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The possible contribution of occupation in causing these lung function
abnormalities was examined by comparing the occupational histories of
the cases with those of controls. Two groups of controls were
selected; one group I{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 far choosing two such groups were that men with near average
values may have included some whose lung function had been slightly
affected by noxious influences, while those with very high values were
least likely to have been affected by noxious influences, but also ceuld
corceivably include men who were highly resistant to theses influences,
and would therefore not be suitable for the comparisons mede in this
study.

The PVC workers were slightly over-represanted among the cases with low
Tueo, though this difference could easily have ariser by c¢hunce. Men
who had worked on jobs at the FVC factory which were close to the
pressure vessels where exposure to VCM was most likely to have cccurred
in the past, were also slightly sver-represented among the cases, and
this difference approached statistical siguificance at conventional
levels,

There was, furthermore, an association between low gas transfer factor
and a history of having workad at the PVC factory before 1975. This
date is important because it was at this time that, in the light of
information about some of the potential hazards of VCM, exposure to this
gus wus cdrastically reduced. This asscciation between low gas transfer P
factor and working befores 1975 was demonstrated by compariscn with Lthe ?

4
3
3
+

'healthiest' controls, the ‘average' controls showing an inteirmediate
pattarn of association not statiatically significantly different from

3

the cases., This association with working before 1575 was not found
among found-y workers.

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

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

for suspicion is VCM, exposures to which are known to have
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Ebeen much higher than pest-1975 levels., Some support for this is
provided by published case reports of VCX .workers with impairment

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

e 8t AN AL EXDGGUTES - would-have-mscsmesy
though it is possihle that many werkers fH;;;EQQut the factory were

éexpund to a legser degree., It is also possible that exposure to

respirable FVC dust may have contributed to the low gas transfer
factors, for this dus% has been shown in other studies %o he
associated with impairment of other aspects of lung function (thangh
not the gas srarsfer factor) and slight chest radiosraphiz
abnormalitiaes (MASTHRANGELQ et al., 1979; SCHUTAR et al., 1980).
3 5.3 There was no evidence tec sugmest that A current risk %o respiratory
éi ¥ health exists at eiiher the PVC factory or foundry.

Some differerces 1n snoking haYit were found between cases and controls,

non-smokers beiry slightly commorer ameng controls, and heavier smokers

=glightly commoner ameng the cases. The czses Lended to start smoking
at a siightly ycuncer aze, Ve do not know if these small differences
in smokirg habit were sufficient to account for thz reductions of gas
transfer factor in the cages, but they would seem unlihely to 2ccount
for the whole of the dirferences hetwean cases and controls.

While the rasponse rate among currently employed workers wes excellent,
that for those men who had left the FVC factory was low (39%). If th
men not examinad had included either ar exiess or deficiency of men with
impaired gas transfer factor compared with the population examinéd,

then the analysis of the distribtion of values anong the population
seqent could be urnrepresentative to that extent.

A similar aralysis for another lung function test, forced expired volum
in one secnnd. was carried out for the PVC workers only. ‘while some
men did have impairment of this test result as would be expected in an

industrial povulation of this kind, no asseciations with ocecupation
could be demcrstrated.
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5. CONCLUSIONS AND RECCMMENDATTCNS

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

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

This could not e shown to be asscciated with current working
conditions at either factory, “ut the pattern of results among FVC
workers suggested that there was an association between impairment

of the gas trasnsfer 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 findinrs give scme support to the hyrothesis that work in the
PVC faztary nefore 1975 involved exposure to & suyhstancy that caused
imzairment of lung function in a small number of men. Tha resulis
suggest thatv more detailed studies ol tre importance of exposure to
vinyl chloride monomer, solyvinvlichloride, smoking habit and other

posaible factors in cauting impairment of lung function would be

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

damage in selected men.
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TABLE 1 Clasgification of all jobs at Vinatex into
gix broad occupational gzoups.

Broad occugatianal Joba included in gToup
1 All men working in reactors 1 and 2°*
2 Dryer room B operators =+
3 Dryer room Lead, A and
A/3 cperators
4 Warehousenen, maintenaince stafr,
laboratory staf’f and drmvers “e.
5 General stafi who visit plant,
¢.g. =hift supervisory and foremen
6 | Managenent and office svaff

These men are ms=: likely to have bee.: exposed to high
concentrations of VCM in tie past.

». These men are involved in the bagging of PVC and are
probably excosed to higher corcentrations of dust than
other vworkers in the dryer buildings.

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

Cceupational sroup

Daserintion

Johs included in group

Furnace and melt:

Sand and tlasting:

Metalwoari:

Genersl and other:

Paint and dipping:

Casting:

Fettler:

furnace operator, burnar, ¢rarzger, weicher,
skimmer, smelter, slzman, ladle retvairer,
congrete liner.

coremaker, sand tescer, sand mixer, szhot blaster,
core stripmer, knock-out, brick maker,

driller, grinder, hlacksmith, tinsmith, wagon
repairer, roge snlicer, curola renairer,
maintenance fitter'=z mate, maintenance fitter,
turner, trainee iz the %training centre, horer,
saw revairer, wamun revairer, milling operator,
inspector in machin2 shop, welder,

labourer, patternmaker, plater, pluzelayer,

pine loader, crane driver, driver, cleaner,
technician, trainee, pive roller, slinger,
quality control, jeiner, greaser, inspector,
saddler, brickleyer, core inspector, desmpatcher,
hydraulic attendant, shunter, nlumber, pige
recorder, runner operator, sawyer, staff, power
house attendant, canteen, tool room attendant,
electrician, storeman, ore c¢rusher, ram driver,
safety officer.

dipper, paint sprayer, painter and decorator.

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

fettler




TABLE 3

population.
height, weight and Twuco.

27.

Features of T.co cases, controls and total gurvey
Mean (ard standard deviations) of ags,

Number of men

Teca Grouns

Contzols
(average)
31

Controls
(healthiast)
k)|

Total suzvey
porulation

484

Age
(yzs)

Height
(ens)

‘Weight
(kga)

Treo

Mean
(sD)

(sD)

¥ean

(ml/min. =m Eg) (S:D)l

40.3
(11.3)

173.9
(5.6)

42,2
(11.9)

173.8
(7.0)

30.2
(12.8)

30.5
(5.9)
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TASLE & Features of FEV, cases, controls and total survey
population. Mean (and standazd deviations) of age,
height, weight, Tico, FEV! and TVC.

Twco Groups
Controls | Contzols To ta.ll sufvey
Cases | (average) | (healthiegt) | POPuiaticn
Mumber of men 30 20 30 264
Age Mean 43.3 41,3 42.1 42.2
(yrs) (av) | (11.0) | (12.5) (12.0) (11.8)
Beight Mean | 176.0 174.5 175.5 1T4.3
(cas) (sz) | (7.4) (6.6) (8.0) (7.1)
Weight ¥ean 82.2 78.4 80.4 80-4
(kgs) (sp) |(13.3) | (10.1) (11.5) (12.3)
m’. Mean 2-7 3.9 405 3.7
(litzes) (sp) | (0.7) (e.7) (0.8) (0.9)
FVC Mean 4.1 5.1 5.9 4.9
(1itres) (sD) (0.9) (0.8) (0.9) (1.0)
Treo Mean | 29.1* 32.3 31.3 30, 5%+
(nl/min.smEg) (SD) (6.3 (6.0) (6.5) (6a1)%

® Value bazed on 29 observations.

** Value based on 262 ohservaticne.
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TABLE 5 Age diatribution of Tico cesea und controlas and the total survey population
by employment satatus,

Age ranges in years

25 - 3h |35 - uh| 45 - 5h |55 - 64

CASES
PVC current men
PYC leavera
Foundrymen

AVERAGE CONTROLA
PYC current men
PVYC leavers

Foundrymen

HEALTHIEST CONTROL3

PVC current men

PVC leavera

Foundrymen

TOTAL POPULAYION

PVC current men

PYC leavers

Foundrymen




TABLE 6

survey population.

30.

Eaployment status of TLco cases, controls and total
Number of men in each

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

PVC
PVC l
S::;::: Leavers Foundry ETotal
Total survey population | 164 101 219 L3u
Casos 11 ( 38)] 8 (s53)f 12 (26) 3
Controls (average) 9 (28) & (27| 18 ( 39)f 31
Controls (haalthieat) 12 ( 38)1 3 (201 6 (35}
All 32 (100)| 15 (1oo)| he (100)| o3 !
TABLE 7 Employment atatus of FEV, cases, coatrols and total

survey population.

Number of men in =ach

smployment group with percentagzes in brackets.

Three men excluded, sea text.

percentages not adjusted to justily totals.

Rounding error of

T PVC

§z§:::: iz:vera Total
Total survey population | 165 . 99 264
Cases 1 ( 26) | 16 ( 43) 30
Coetrola (average) 18 ( 34) 12 ( 32) 30
Centrols (healthiest) 21 ( ko) 9 ( 24) 30
A1l 53 (100) 37 (100) 90
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TABLE § Distritution of cbserved Tico an a percentage of predictad Tico uaing Cotes's regression
model for mon-emokers, MNumbers of men (percentages in brackets) for the ocases, two control
groups and total girvey population.

Pica % predicted

s0-59|60- 69|70 - 79| 80 - 89! 90 - 99 110 - 119

4 11 i2 4
(12.9)| (35.5) ] (38.7) | (12.9)

Controls : . » ' 11
{average) (35.5)

Controla o ’ 14
{healthiest) (45.2)

Total survey - 46
population . (9.5)
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TABLE 9

Distribution cf observed FEV, as a peracentage nf prediocicd
modal for non-amokers.

groups ani total sarvey populution.

Munbers of men (perceutages in brackes

PEV. uasing Cotes's regression
8) for the cases, two control

F2V, % predicted
Total

4 |50~59| 60~ 69] 70~ 79| 80 - 89| 90 - 99] 100 - 109] 110 - 119 > 120

Caseq 1 ] 5 ] 14 ) Jo
3.3 | (13.3)] (16.7)] (10.0); (46.7) (10.0)

Controla 3} 17 9 1 30
(average) (10.0}| (56.7) (30.0) | (3.3)
Contrals 1 6 23 30
(healthiest) (3.3) (20.0) | (76.7)
Total wmzvey| 1 L] é 9 29 48 T4 47 46 264
popﬂlatton (.4 | (1.5 (2.3) | (3.4) 1 (11.0) | (18.2)] (28.0) (17.8) | (17.4)

<3




TABLE 10 Detaila of the 10 PVC [astory Tino ceses with ths lowest standardized residusl values of Trco. Cass No, 1
did not complete the spirometry tsst. Predicted valuss ars for non-smckers (Cotea, 1979}, o

Age Smoking SR Neco Fco fco % FEV; 1itres|¥EV; litrea| FEV,X L S '

oo | Banga |oategory (observed) | pradicted)| predictad| (obesrved) | {predicted)| predicted] 11trea{ FvC * 1%
1 |30 - 3 ¢ -~2.89 | 20.1 34.6 58,3 - - - - - -
2 |65 - &9 B - 2.7 14,1 27.4 51,3 2.1 3.0 69.8 3.8 55,2
!
3 |35 -39 c - 2,22 20.1 | 3.8 63.3 3.6 3.8 95.2 5.2 £8.9
& [vo < 4 E -2.15 | a0.9 30.5 68.4 S1.2 3.9 34.3 3.5 35.1 i
5 (35 -3 g - 2.11 20.8 32,1 6h.6 3.2 3.8 84.9 LR 77.9 o
6 [55-~9 e - 2.02 "7 23.9 61.4 2,6 2.7 95.5 3.3 77.9 .
7 |50 « 54 - 2,01 15.4 25.9 59.5 2.7 3.0 90,6 b.3 62,2
8[35-39 '¢ - 1.59 23.3 | 35.5 €5.6 k.2 b1 101.7 5.7 4.3
gfs-v9| w |-we2| a5 29.2 | 7o | wa 3 | 12001 5. | 8o.0
10 |50 - 54 ¢ - 1,84 8.8 29.0 64.8 3.6 3.3 107.9 L 75.8

'fiu shbreviations of smoking catsgories are as followas

C » ourrant amoker E » Ex-omcker ¥ = life-long non-gmoker

LELLO0 VWD
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TABLE 11 PVC factory Tico cases and controls. Mean times (years) spent in
each occupational group with number of men in bracke:ts, See Table 1
for key to occupational groups. Amongst these cases and controls,
the only man who had spent time in occupational group € wasa current
employee, selected as one of the 12 'healthiest' coptrols, EHe had
spent 1.7 years in this group.

Number Occupational groups
of men 4 2 3 ! 4 5
CASES
Curzent men 11 3.7 o4 6.1 9.0 9.7 )
€ (s (3 (W) (2)
Leavezs 8 1.6 0.8 11.8
(5) (6) (1 - -
AVERAGE CCNTERCLS
Current zen 9 9.1 1.1 6.8 7.4 12.3
(3 (3 (1) (») (&))
Leavers 4 0.7 0.b 1.8
(M (4) - (1) -
EEALTETEST CONTROLS
Current men 12 3.3 1.2 10.8 7.3 33
(3) (8) &) (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
occupational groun with number of men in brackets., See Tahle 2 for
key to occupational groups.

Numher Occupational groups
of men 9 2 3 4 5 6 7
CASES 12 7.3 3.0 12.3 4.0 3.2 1.4 1.0
(&) (2) (3) (7 (2) (2) &))
vl 16 | 46 1601 [ 308 | 9 | 7. | 10.6 | 2.5
(3 (3) 1) 9 I (1) (s) (1)
FEALTHTEST 18 13.4 k.5 12.7 12.5 ;!1.6_
CONTRCLS
(s) (3) (3) - (8) - (6) ‘ -

TABLE 13 PVC fagtory FZV, cases and controls. |!ean times (years) swent in
each occupational group with number of men in brackets, See
Tahle 1 for key to occupational groups.

Mumber ) QOccupational groups
of men 1 2 3 4 5 6
CASES
Surrent men 14 5.5 1.3 4-3 6.1 6.8 3.8
- (7) (8) 2) (6) (2 (1)
Lesavers 16 2.1 0.8 b.7 1.0
(8) (9) 6 - (2) -
AVERAGE CONTRCLS
Current men 18 3.2 1.2 5.2 7.6 7.7 5.0
(10) | (10) (1) (s (2 (2) »
Leavers 12 1.3 0.9 k.1 . 1.2 3.
. (%) (7 (3). - (3) (2) N
EEALTHTEST CONTROLS ._ ©
~| Cuzrent mez 21 6| 1.2 | 0.7 7.2 3.6 | 2.6 £
(10) | (1Q) (2) (9) (3 2 ©
Leavers ) 4 1.2 Q.3 241
| (2) , (6) - (2) - -
i




36.

TASLE 14 Ffor Tuco 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 .
Cases Controls | Controls Total
Pre 1975 17 1" 5 33
Post 1975 2 2 10 1h
Total 19 13 15 Ly
TABLE 15 PVC factory Tico cases. Number of men within each age group and

duration of pre-1975 employment category.

x
Time cf Duration of Age (yz3) . Total
esployment | exployDert | o _ o4 |26 - 34| 35 - 44 |45 = 54| 55 ~ 64 |65 +

<2yr 1 3 4 1 9
Pze 1975 2.4y 1 2 3

>4 ¥z 4 1 5
Post 1979 - T+ | 1 2
Total 1 2 3 8 1 1 19
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TABLE 16 PVC factory Tico average controls., Number of men within each age
group and duration of pre-1575 employment category.
Time of Duration of Age (yra) Total
employment | exployment | o . 24|25 - 34|35 - 44 |45- 54|55 - 64|65 +
<2yz 1 1 2 4
Pre 1975 2-4yr 4 1 3
>4 yr 1 1 2 4
Post 1975 - 1 1 2
Total 2 5 3 3 13
TABLE 17 PVC factory Twco healthiest controls. Number of men withiz each age
group and duration of pre-1975 employment category.
\ !
Time of Duration of Age (yzs3) : Total
caployment | amployment | o . 24|25 - 34|35 - 44 |45 - 54 | 55 - 64 |65 + |
. <2yr 1 1 2
Pre 15375 2~4 yr 1 ‘
>4y 1 1 2
Post 1975 - 2 3 2 3 10
Total 3 5 2 4 1 15
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TABLEZ 18 Fer FEV, apalysis, the distribution of numbers
of PVC cases and controls who had worked at the
PVC factory before 1575 and enly after 1275,

Averaze | Healthiest
Cases Controls | Controls Total
Pre 1975 a3 18 19 60
Poat 1975 7 12 1 20
Total 0 30 30 N
TABLE 19 For Twco analysis, the distribution of numbers of

foundry cases and controls who had worked at the
foundry before 1675 and only after 1975.

Average | Healthiest
Caseu Controls | Controls Total
Pre 1575 8 13 12 33
Post 1975 b 5 b 13
Total 12 18 16 46
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TABLE 20 Tor Tieo analysis, the distribdution of PVC factory

cases and controls who had worked with different
polymers,

Average Healthiest
Controls Controls

Emulsion and
suspersion

Suspengion only

Neither suspensaion
nor em:lsion

Total

TASLE 21 For FEVy analysis, the distribution 3f PVC factory cases
and controls who had worked with different:
polymers. .

Average Healthiest:
Controls Controla 5 Total

!

Emlision and
suspension 25

Suspension only 44

Neither suspension '
mr emalaian 21

Total

007745
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TABLE 22 PVC factory Tico cases and controls. Number of men who have
worked in noxious occupations with mean rumber of years
spent by these men in bracksts. See ippendix 2 for list
of 'othaz' roxious occupatiiors.

' Nugber Noxious oecupations
of @3 |  gieel | Chemicals | Coal | Other
CASES 19 8 1 7 8
(5-5) (’09) (10'1) (11.5)
AVERACE 13 0 3 6 7
CoNTHeIS (5.6) (6.9) | (iew)
FEALTHXEST 15 3 0 2 8
CONTI0LS (6.1) - (17.4) | (7.0

TABLE 23 PVC factory TEV. cases and controls. Number of men who have
worked in noxious occcupations with mean rumber of years
spent by these men in bracikets. See Appendix 2 for list
of 'other' noxious occupations.

Mugber Noxious occupations
of aen Stael Chenicals Coal Other
CASES 1 30 10 5 16 16
(4.6) (4.0) (15.7) | (13.2)
AVERAGE 30 7 6 9 15
CONTHOLS (9.8) (14.0) (6.3) | (7.5)
EEALTHIEST 10 Iy 4 1 18
CONTROLS (17.8) (9.1) | (13.6) | (8.9
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TABLE 24 Foupdry Tuco cases and controls. MNumber of men who hav
worked in npoxious occupations with mean rumber of years
spent by these men in brackets. Ses Appendir 2 for list
of 'other' moxious occupations.

Noxious occupations
Mamber
of men Steel Chemicals Coal Qther
CASES 12 1 0 3 5
(3.0) (0.0) (5.4) (1.3)
AVERAGE 18 2 0 4 8
CONTROLS . .
(9.6) (0.0) (9.0) | (10.9)
HEEALTHIEST 16 2 0 5 5
CONTROLS
(4-7) (0.0) (2.9) (7.2)
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TABLE 25 Smoking habits of Tico cases, controls and
total survey population. Number of men in =ach
smoking category with percentages in brackets.

N Curzent \ |
5;‘; ar Smoker Ex=Szcker | Total
Cases 3 (9.7)| 20 (64.5) 8 (25.8) 31
Controls
(average) 4 (12.9) | 15 (48.4) | 12 (38.7) 3
Con%mis .
(acalthiest) 7 (22.6) | 15 (48.4) 9 (29.0) 31
Tosal survey ,
population | 109 (22.5) | 234 (48.4) {41 (29.1) | 482

TASLE 26 Smoking havits of FEV, cases, contzols and
total survey population. Number o. men in each
amoking category with percentages in brackets.

Non= Current

Smoker Smoker ¥x-Suoker | Total
Caszes s (16.7) | 13 (43.3){ 12 (40.0) ic
Controls
(average) T (23.3)| 15 (50.0){ 8 (26.7)| 30
Controls
(healthiest) | 9 (30.0)| 12 (40.0){ 9 (30.0) 30
Tatal survey
population 59 (22.3) | 125 (47.4)! 80 (30.3)| 264
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Fig. 3 Number of cigarettes smoked on weekdays
by FEV, cases and 'healthicst’ controls
who are currcnt 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. 5 Number of cigarettes smoked per day at weekends
by T.co cases and 'healthiest’ controls, at the
PVC factory and the foundry, who are current
amokers.
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Fig. 6 Maxinium number of cigarettes regularly smcked
per day by T.co cases and 'healthiest’ controls,
at the PVC factory and the foundry, who are current
smokers. '
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Fig. T Maximum number of cigarettes regularly smoked
per day by }:"EV'1 cases and 'healthiest’' controls.
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Fig. 8 a) Age when started smoking b) Age when started smoking cigarettes,
cigarettes, for T.co cases and for T.co cases and 'average' cantrols,
'healthizst’ controls at the PVC who are current smokers.
factory and the foundry, who are
current smokars.
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Fig. 9 a) Age when started smoking b) Age when started smoking cigarettes,
cigarettes, for FEVI cases and for FEV, cases and 'average’ controls,
healthiest’ controls, who are who are %urrent smokers,
current smokers.
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3.
AFPEINDIX 1

SMOKING CULSTICONMALFE

Do you smoke?

If NO

1a Have you ever smoked as auch as one cigarette a day
(or one cigar a week or an cunce of tobacco a month)
for as long as a year?
If NO to both parts of guestion 1, emit remaining
questions on smoking.

How old were you wnen you started smolcing regularly?

How o0ld are you now?

Do (did] you smoke manufactured cigarettes?

If YEs |

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

be What was the greatest rnumber of cigazrettas you ever
smoked regularly per day?

b4 For how long were you smalking that many?

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

If Y=S, for how long altogsther wers you not smcking
cigarettes? :

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

Lg For how long were you smoking that many?

Do (did) you suoke hand-rolled cigarettes?
Ir YEs

Sa How muck tobacco do (did) you usually smoke per weelk in
this way?

CMA 007754




APPENDIX 1, page 2

54,
Do (did) you smoke a pipe?
Ir ¥YES
6a How much pipe tobacco do (did) you usually smoke
per week?
Do (did) you smoke small cigars?
It YES

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

De {did) you smoke other cigars?

It YES

3a How many of these do (did) you usually smoke per week?

For «x-smokers:

When did you last give up sroking?

CMAa 007735
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APPENDIX 2

NOXIQUS QCCUPATICHS

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

Brewing
Baker
Flour miller
Farm worker
Wocd cutter/sawmill warker
Construction worker
Bricklayer
Flasterer
Quarryman
Paper mill worker
Electrician
Joiner
Glassworker
Welder
Serap burner
Foreman
Coking plant worker
Furnace operator
Car body repairer
Paint sprayer

. Painter/decorator

Tarmacadam exposed workers
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56.
APPENDIX 3

Develornmant of the multinle linesr regression model used in the
analysis of the data from the total survev vorculavion

Preliminary multiple linear regressicn analysis indicated the
anticipated relationship between Tnco and age, height and weight and
between FEV, and age and height.

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

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

of smokers did not have a significantly lowir mean TLzo after age, height
and weight had been taken in%teo sccount than non-smokers and the age slopes
Qare similar., The model used for Tueco (but not the FEV, model) was
further improved by introducing dirferent iatercepts and age slopes for
three categories of smoking, non-scokers, current smoksrs and ex-smokers,
This analysis showed that for ex-smokers the mean valu~ of TiLso was
significantly higher thun that of current smokers (P < 0,05) but that they
sxzerienced a graater loss of Tuco with age than current aad non-smokers
although these differences were not statistically significant (Table 1).

Further expansion of this modsl by allowing different intercepts and age
slopes for the different employment categories (current and former
employees at the PVC factory and foundry employees) within the three
smoking groups did not make a significant improvement te the model.
Howaver, this analysis did indicate that the mean Tico level for leavers
from the PVC ractory whe were current smokers was significantly lower

(P < 0.1) than current PVC factory employees who ware non-smokers.
However, the age slope of this group did aot differ significantly from
that of current PVC factory employees vho wers non-suckers. Hence the
model used was the cne in which different intercepts and age slopes were
allowed for the three smoking groups.

For reasons of consistency the FEV; acalysis was also based on this same
model although there was no significant improvezment in the amount of
variation explained as there had been for the Tlco analysis. The results
for FEV; analysis show that there was a significant difference (P < 0.1)
in the rate f loss of FEV; with age between nom-smokers and current

szokers who experienced a greater rate of loss of FEV; (Table 2),
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57.

AFPENDIX 3, page 2

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

intaxcepts and age slopes for three smoking groups.

Variables Units Mean g:g:::i:gt % b-J
Age Years 42,2 ~0.2246 -5.74 < 0.001
Height cm 173.8 0. 1552 4.74 < 0.001
Waelght kg 80.2 0.0572 3.23 < 0.002
Copatants
Intercents
Constant for cop-smokers 10. 3052
Effect on intercept of:
Current smokers -2.5288 "1034 NS
Ex-gmokers 1.4554 0.89 NS
Effect on age slope for:

Current mokers =0,0154 ~0.33 kS
Ex-smokers - ~0.0537 -1.08 " K8
TABLE 2 Regression for FEV, (0) allowing different intercepts

and age slopes for three suoking groups. :

_ Regression }
Varizbles Units Mean cos {ant t P
Age Years | 42.2 | -0.0309 -4.55 | < 0.001
Haight ] 174.3 0.0420 T=13 < 0.001
Weight kg 80.4 " 0.0003 0.09 §S

Constants

ercents

Constant fox Don-smokers -2.1725
Effect on intercept of:
Current ssokers 0.4209 1.24 NS
Ex-smokers 0.2675 0.75 1]
Bffect on age slope for:
Cur—ent smokers _-’000149 =1.81 < 0.10
Ex~smokers =0.0096 -1.13 NS

+ .
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various respiratory syumptoms, and gastrointestinal dis-
turbances, such as pausea, vomiting and loss of appetite,
are commonly reported by styrene-exposed workers. Other
abnormalities reported include headaches, tiredness and
sleep disturbance. Aftér a period of exposure, adaptation
may occur snd there can be a decrease in the various symp-
toms. Nevertheless, significant alterations still exist
among currently employed workers.

Several systematic studies of the various clinical ef-
fects from 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 national staad-
ards). The most extensive of these is that by investigators
from the Institute of Occupational Health of TFinland
(Seppaliinen and Hirképen, 1976; Lindstrom et al, 1976;
Harkdpen, 1977; Hirkénen et al, 1978). They examipned 98
workers employed at 24 plants mapufacturing FRP products.
Air concentrations were sampled and ranged frem 5 to 300
ppm. 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 mg/l and corresponded
to an exposure of about 40 ppm of styrene. Abnormal EEG's
were found in 30% of those with MA in excess of 700 mg/l,
compared to about 10% for those with lower MA values and
normal controls (Seppidliinen and Hirkopenm, 1976). Lindstrom
et al (1976) noted increased visuomotor inaccuracy (symmetry
drawing and Bourdon ~Wiersma tests) and lowered psychomotor
performance (Mira test) for wvarious MA concentrations rang-
ing from 800-2,000 mg/l (See also: Hirkdnen et al, 1978).
Fatigue, irritation, difficulty im concentration, nausea,
dizziness, and lightheadedness were more frequently reported
by the styrene-exposed workers than by unexposed controls
(HirkSoen, 1977).

A deterjorating EEG among styrena workers has also been
described by Klimkova-Deutschova et al (1973). Alteratioms
of nerve conduction have been documented by Rosén et al
(1978) who observed an incresased duration and decreased
amplitude of sensory action 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-




sure. Subjective symptoms of physical and meatal tiredoess
after styrene exposure have been reported by Klimkova-Deut-
schova et al (1973) and Cherry et al (1980), among others.
The reported neurological findings among styrene-exposed
vorkers ars less serious than those reported in some other
groups occupationally exposed to solvents, such as as paint-
ers (Lindstrém, 1980; Hane et al, 1977). However, the
continued exposure to concentrations causing the observed
abnormalities may lead to more serious central nervous
systam impairment.

In addition to neurological disturbances, alterations
of pulmonary function have besn noted among styreme~exposed
vorkers. Lorimer et al (1977), in an examination of 494
polymerization workers, found a reductiean in ].-'!:V1 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
lover respiratory symptoms. Hirkdnen (1977) reported an
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 pulmenary funec-
tion among 27 FRP boat manufacturing workers.

Laborstory test results have been rather uaremarkable.
Loriser et al (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
sxposure. Increased blood enzyme concentrations, charac-
teristic of abpormal liver function, occasionally have been
reported. Lorimer et al (1977) found a significant increase

* in concentrations of GGTP (gamma glutamyl transpeptidase)
and Hotz (1980), noted increased concentrations of OCT
(orinthine carbamoyl transferase) and ALAT (alanine amino
transferase) among polymerization workers.

SMMARY OF HUMAN MORTALITY AND MORBIDITY

The limited epidemiological studies of mortality asso-
ciated with styrene exposure do anot demoastrate any excess
cancer risk that can be attributed to styrene, although
elevated risks for leukemia have been noted in exposed
groups. However, thase excesses may be related to exposures




to other chemicals, such as benzepe. The studies are se-
verely limited because of the relatively low styrene expo-
sure of the groups studied. They provide no guidaoce on
carcinogenic risk in popiulations much more heavily exposed
as in the FRP ipdustry. The significant clinical findings
among styrene-exposed workers are largely limited to abpor-
salities 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 neurclogi-
cal disease exists for continued long-term exposure in this
industry. The possibility of pulmopary effects from styrene
exposure has also been noted.
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various respiratery symptoms, and gastrointestipnal dis-
turbances, such as nausea, vomiting and loss of appetite,
are commonly reported by styrene-exposed workers. Other
abnormalities reported include headaches, tiredness and
sleep disturbance. Aftér a period of exposure, adaptation
may occur and there can be a decrease in the various symp-
toms. Nevertheless, sigonificant alterations still exist
among currently employed workers.

Several systematic studies of the various clinical ef-
fects from 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 pational stand-
ards). The most extensive of these is that by investigators
from the JIaostitute of Occupational Health of Finland
(Seppaliainen and Hirkénem, 1976; Lindstrém et al, 1976;
Hirkdnen, 1977; Hirkénen et al, 1978). They examined 98
vorkers employed at 24 plants manufacturing FRP products.
Air concentrations were sampled and ranged from 5 to 300
ppm. The means of five post-workday urine mandalic acid
(MA) concentrations ranged from 7 to 4,700 amg/l with a lin-
ear relationship existing between the log of the MA concen-
tration and the log of the styrene conceatration. The mean
value of MA in the population was 808 mg/l and corresponded
to an exposure of about 40 ppm of styreme. Abnormal EEG's
vere found in 30% of those with MA in excess of 700 mg/l,
compared to about 10% for those with lower MA values and
normsl controls (Seppiliinen and Hirkdpen, 1976). Lindstrom -
et al (1976) noted increased visuomotor inaccuracy (symsetry
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).
Fatigue, irritation, difficulty in concentration, nausea,
dizziness, and lightheadedness vere more frequently reported
by the styrene-exposed wvorkers than by unexposed controls
(H&rkénen, 1977).

A deteriorating EEG smong 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 action potentials. Lilis et al (1978)
suggested the possibility of a decrease in peroneal nerve
conduction velocity. The decrease, howvever, was only asso-
ciated with length of employment and not intensity of expo-
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