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ABSTRACT A preliminary epidemiological study has been carried out to investigate a report that
some men working in a factory manufacturing polyvinylchloride (PVC) had abnormally iow
values of the single breath diffusing capacity for carbon monoxide (TLCO). All 263 present and
past employees of the PVC factory were studied, together with 219 men from the workforce of a
nearby foundry. Each man's TL.CO was measured and a smoking history and detailed occupa-
tional history obtained. The distribution of standardised T1 CO results from all persons exarmined
was symmetrical and did not indicate an unexpectedly high proportion of men with clinicalls
important impairment of T{ CO. The results of a case-control study showed that, having allowed
for age, height, weight. and smoking habit, T .CO was associated with a historv of working in the
PVC factory before 1975 (when levels of vinylchloride monomers (VCM) were much higher than
subsequently), and slightly associated with working in jobs where exposure to VCM was likely to
have been highest. The men with low T1.CO also tended to have smoked more heavily than
controls. The relative importance of occupational factors and smoking in relation to low T{.CO i~
not clear, but the results give some support to the hvpothesis that work in the PVC factory befory
1975 entailed exposure 1o a substance that caused impairment of lung function 1n a smail number

of men.

The management and occupanonal physician of a
factory making polvvinylchionde (PVC) had
become concerned over an apparent excess in their
workforce of men with impairment of the singie
breath transfer factor for carbon monoxide (Ty CO).
The present study was planned to deterrmne
whether there was such an excess of men with low
vajues of TL.CO n the workforce. and 10 make a
preliminary assessment of whether low T €O might
be related to occupational factors.

The factory had been in operation since 1969 and
produced PVC powder from vinvichlonde monomer
gas (VCM). All men who had worked at the factor,
whether or not they were currently employed there,
were invited to parncipate in the study. A sample of
men working 1n a nearby foundry were also invited
to participate: they had been exposed to the same
environmental conditions outside the workplace and
were included in order 1o augment the number of
men in the studyv who had not been exposed to poss-
ible hazards in the PVC faciory.
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Methods

SELECTION OF SURVEY POPULATION
All 177 men currently emploved at the P\'C tacior
were invited to take part and attempts wera made to
trace and invite all the 263 former emplovees At
the foundry. the study was confined to 285 men
selected randomly from the 1085 current male em-
plovees. The number of men at the foundr. aged
under 25 was limited to 15 to take account of a
disproportionately large number of young men 1n
the foundry population compared with the P\'C
workers and to provide a group of simular size to the
13 PVC workers of this age. Apart from this. seiec-
tion did not take account of age.

MEDICAL SURVEY

The medical survey team visited the factones and
recorded a full occupational history since leaving
school for each man. Trained personne! using a
questionnaire which was a modified version of the
Medical Research Council questionnaire ot
respiratory  symptoms' recorded derails of each
man's smoking history. Additional questions werc
related to age of starting smoking and the numoer o
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cigarettes smoked during a man’s maximum smok-
ing period. .

Measurements of single breath gas transfer factor
for carbon monoxide were carried out on all men
using the breathholding method® based on the mod-
ified Krogh technique (transfer test B: P K Morgan
Ltd, Chatham. Kent). The mean of two measure-
ments was used in the subsequent analysis. All PVC
factory employees had forced expiratory volume in
one second (FEV,) and forced vital capaaty (FVC)
measured using an electronic dry rolling seal
spirometer (Qhio 800). The best of three technicaily
satisfactory measurements was used for the analysis.
Approval was not obtained for FEV, and FVC
measurements in the foundry workers.

METHODS OF ANALYSIS

Analysis of data from the total survey population
The data were studied initially by summary descrip-
tive statistics and by multiple linear regression
analysis of lung function taking into account age,
height, weight, and smoking habit. Men were
assigned to one of three smoking categories: lifelong
non-smoker, ¢urrent smoker, and ex-smoker. The
two smoking groups included smokers of pipes.
cigars, and hand-rolled cigarettes but the majonty
smoked manufactured cigarettes.

In the regression model used for both Ty co and
FEV, different intercepts and age slopes were
allowed for the three smoking groups. non-smokers.
current smokers. and ex-smokers. This means that
the estimated effects of age were not constramned to
be the same necessarily in the three smoking habit
groups.

The relation between a man's observed and pre-
dicted lung function values was expressed as a stan-
dardised residual (SR). This is defined by the equa-
tion:

SR (observed value—value predicred from firted equaton)
=

(mstumated standard deviauon of the prediction)

The distribution of FEV, and T1 co SR values of the
whole population was examined.

Case-control study

For each lung function variable. those men with the
largest negative SR value were chosen as cases. Two
groups of controls were selected randomly. firstly,
from those men whose SRs were clustered around
zero (“'average” controls) and. secondly. from those
with largest positve SRs (“healthiest™ controis).
Two groups were chosen because men with average
values may have included some whose lung funcnion
had been slightly affected by noxious influences.
whereas those with very high values were least likely
to have been affected by noxious influences but

Table | Classification of all jobs at PVC factors o six
broad occupational groups.

Broad occupanonal Jobs included in group

group

1 All men working in reactors } anc 2

2 Dryer room B operators”

3 Drver room Lead. A anc A B
Qperators

4 areh m e stat
laboratory staff. and dnvent

5 General staff who visit plant. sucr s«
shift supervisors and foremen

6 Management and otnce star

*Men most hikely to have been exposed 10 gh concentrations ot
VCM n the past.

tMen engaged m the bagpng of PVC and probabiv exposec o
gigllade;‘ o?ncenlnlloru of dust than other workers n the dner
t;:cn p‘oienmlly exposed 1o all raw matenals and products
might include men who were highly resistant to
these influences.

Cases were initially compared with the rest of the
survey populanion in order to identify any systematic
differences in age. smoking habit, and emplovment
status. Then the occupational and smoking histones
of cases and controls were examined and comparez.
Smoking histones were classified as they were ior
the total population. but additional informatiun
about the number of cigarettes smoked and the agz
of starting smoking was analysed in the case-conirc!
study. Broad occupational categories were definec
for the PVC factory (table 1) and for the founcn.
and the total number of years spent by cases and
controls in each occupationai categorv was calcu-
lated. Additional information was available for P\ C
emplovees in relation to0 exposure to emulsion
polvmer (which has a smaller particle size than sus-
pension polymer and which was manufactured ar the
factory between 1971 and 1974) and emplovment in
the factory before 1975 when levels of VCM were
much higher than the currentlv permitted levels
From the full occupauonal history the number o
years spent in potentially " noxious' industnes (such
as coal. steel. chemicals. and a miscellaneous group
of industries in which exposure to noxious com-
pounds might have occurred) was recorded.

In the analysis Fisher's exact test. the chi-squared
test for 2 x 2 contingency tables, and the chi-
squared test for linear trend were used where
appropriate.

Results

A total of 488 men was seen. consisting of 163 cur-
rent PVC factory emplovees (93% of those who
were asked to participate). 102 PVC former em-
ployees (39% of those invited), and 221 foundry
emplovees (78 of those invited). Four men (two
PVC and two foundry) were excluded from the
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Table 3 Features of FEV cases, controls, and total survey
populanon. Mean (and siandard devianons) of age. heght,
weight, Ty co, FEV and FVC
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Table 5 Smoking habits of T| CO cases. controls. and toral
survey populanon. Number of men in each smoking
category with percentages in parentheses

No of men TLCO groups Toral Non;" Cllﬂkcnl Ex-smoker  Touwi
survey Fmo smoKer
Cases  Conmols Controls  popul,
130 {average) (healthesr) (204} Cases 3 (9T)  20(64-5) 8(258 3
vo oo oo 4(129)  15(484) 120387 3
average) - 4 12(38-7) 1
Age (y): (‘.'m:tmrl:‘e
ean 433 413 421 422 {healihest) 7(226) 15 (48.4) 9(29m X
(SD) (11-0) (12:5) (120 (11-8) Total survey
Hﬂm (em): 1760 188 1750 1743 populanon 109 (22-5) 234 (48.4) 141(29-1) I8
ean 3 £ .
(SDy (74) (&6) (8-0) {7n
Waight (kg): B T84 804 80.4 factory before 1 January 1975, when levels of vinyi-
(SD) ) (133 (o (11-5) azn chioride were much higher than at present. Seven-
FE&". .(;)f 27 19 . 31 teen qf the 19 T CO cases who had warked at the
(SD) ©n @ (08 (09 PVC factory had been employed before 197:
FV& n: " . whereas only five of the 15 healthiest controls and
(SDy. On o 09 (101 11 of the 13 average controls had been. The differ-
T'hco ence between cases and healthiest controis was
(mymun mm Hey . ] 313 305 significant (p < 0-002), and the increase in the
1 323 } .
(5D (68 (60 (6-5) (6 1)7 proportion of men with pre-1975 emplovment in the

“Value bused on 219 observauons,
tValue based on 262 observations.

had worked in more than one type of job and in
more than one broad occupational category dunng
their employment with the compames. More cases
than controls had worked in jobs in category 1 (on
or near the reactors) at the PVC factory: 11 of 31
cases (35%%) had worked in this category compared
with 10 of 62 controls (16%) and this disproportion
is significant at the 7% level (table 4). No suggestuve
differences were seen in the pattern of emplovment
of FEV, cases and controls.

More cases than controls had worked at the PVC

PVC factory for the three groups over healthiest
controls, average controls, and cases was also stats-
tically significant (p < 0-001). Analvsis of the dura-
tion of emplovment of men within different age
groups showed that pre-1975 working was seen in
both younger and older men. A similar analvsis o
FEV, cases and controls and foundrv T CO cases
failed to show any significant differences in relauon
to working before 1975. These findings suggest that
some factor or factors associated with working at the
PVC factory before 1975 had caused impairment o1
TLCO in some men.

There was no difference in the numbers of T{ Co
or FEV, cases and controls who had been exposed

Table 4  Nwnbers of men who had spent some nme n each occupanonal group. (Mean nme (vears) spent n eaci;

occupanonal group)
No of Occupanonal groups
men
] 2 3 ¥ 5 -] 7 & v 10 1] ]2 13
Cases, ’
PVC workers 19 1! B 4 4 2 - 1 - - 5 - 1 -
(2 (e (T (900 (9T (70 (509 (14
Foundrymen 12 4 2 X ? 2 2 1
(73 (30 (123 (400 (3D (b
Average controis:
PVC workers 13 4 b 1 5 H —_ —_ -_ —_ _ —_ —_ —
(70 (071 (&= (o) (I123)
Foundrymen 1R ) 5 1 9 1 5 I
(+6) (1611 2040 (90 (T4 (10m a2 F
Healthiest controis-
PVC workers 1% -] It ! 2 2 1 — —_ -— 2 1 — -
30 110 Ho¥ 1TH 1M a0 h (30 (03
Foundrymen 16 5 3 3 R - -
(134) (35 (127 (125) - (116 —

Note: Qceupational groups 1-6 reter 1o P\ C {a010m tsec table 1) and 7= 10b% a1 the foundrv—tnat 1s ~ work on or near the furnaces =

sand work and shot-blasing. ¥ grinding and welding. (U general Jots, 1] painting and dipping: 12 casting work. 13 fettung
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that both were important. The men with the lowest
TLCO values selected as cases were not all necessar-
ily suffering from lung disease but among them were
15 men whose T{ cO was less than 70 of the value
predicted by published notmal values, a level which
probably indicates the presence of disease. In eight
of the 19 cases who had worked at the PV factory
the low Ty CO was an isolated abnormality, a pattern
unlikely to be the result of damage from smoking
and which is usually associared with interstitial lung
disease or disturbance of pulmonary perfusion.

Reports of both animal and clinical studiss give
further support to the suggestion that exposure o
VCM might have been an important causative fac-
tor. Animal studies have shown that exposure to
high levels of VCM leads to puimonary fibrosis. the
changes being most severe in the ammals which had
been exposed for the longest time.” There have been
isolated case reports of individuals with interstitial
lung disease who had been emploved in the man-
ufacture of PVC and who had, therefore, been
exposed to VCM.*® Hunter er a/ described six such
workers, three of whom had died from liver disease
related to VCM exposure*; none of the six had
respiratory svmptoms. three had abnormal chest
x ray films. and one an abnormal T CO. but the jung
histology from all six men showed a similar picture
with the presence of an inflammatory ntersutial
infiltrate,

Diligen: attempts were made to contact all men
who had worked at the PVC factory but response
was low (39%). If the men not examined had
included either an excess or deficiency of men with
impaired gas transfer factor compared with the
population examined then the analysis of the dis-
tnbution of values among the population seen would
be unrepresentative to that extent.

We conclude that this preliminary study has
shown no evidence that current working conditions
in either factorv have caused impairment of lung
function but u does give some support to the
hypothests that work in the PVC factory before

1975 entailed exposure to a substance thar caused
impairment of lung function’ in a small number of
men. Further work including clinical studies of
affected men would be necessary to charactense this
impairment and to explore more fully the relanons
with occupational and other factors.

This study was carried out with the full cooperation
of the management and workforce of Vinatex
Limited to whom we are grateful for financial sup-
port. We thank the management and emplovees of
the foundry for their generous cooperation in the
study and the medical officers at Vinatex and Briush
Steel for their help. We also thank Dr A Seaton and
Dr M Jacobson for their advice. Further details of
the results of the work are recorded in Institute of
Occupational Medicine report TM/BL 4.
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