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INSTITUTE OF O0CCU®TATICNAL MTDICTINE

AN EPIDEMICLOCICAL STUDY OF RESPIRATCRY DISEASE IN VCRKERS
ZXPOSED TO PCLYVINYLCHLORIDE DUST

by
C.A. Soutar, L.H. Copland, P.E. Thornley, J.F. Hurley, J. Ottery

SUMMARY
Polyvinylehloride PVC) is n-oducod in industry in the form of a
poedsn, A phoporsicn of thoae PATSiCEs Wl ™o ia aullivienvly awmali

to be inkaled into the smaller airways of the lunes (resnirsble dust),
and recent reports in ‘he medical literature have suggested that this
dust may cause lung disease. .

A study of a sarmple of the present and nast workforce of the
Hillhouse Works of Imperial Cremical Industries Limited, which manufactures
PVC, has assessed the prevalence of respiratory symptoms, chest radiographic
and lung function abnormalities, and has related ther~ to estimates cf
exposure to resnirable PVC dust based on moasurement of current cdust levels
and detailed occupational histories,

1. Environmental Survey

In an environmental survey of the plants manufacturing or
further processing PVC, personal sampling of resvirable dust was
carried cut on 130 men ancaged in occumations within the FPVC plan*s,
Selection of men to wear the dust samplers was basad nn suhimative
eatimates of dustinegs made during a preliminzry visit to the Works
and measurement of narticle sizes of typical PVC dusts. The major
sampling effort was directed towards the occupations thousht to be
dustiest.

Results of the environmental survey indicated that respirable
dust levels were highest for the drying and packing operations in an
older plant making PVC by the ermilsion method and the mixine nrocess
in a PVC processine plant. The highest mean average res“irahle dust
exposure for any occuvation over a shift was 2.88 mg/m? (5D I 1,34),
Dust levels in other plants wers cenerally lower.

2. Methods of Medical Survey

On the basis of factory personnel records, a oreliminary
inspection of the factory and estimates of the particle gizes of
typical PVC dusts, all current and many ex-emplovees were allocated
to four broad categories corresponding to different probable
exposures to PVC dust. The study sarnle was drawn in such a way
that all those in the two hirbar 2xpcsure catecories were incinded,
and lower proportions of men in the other categories.

Men were seen by arnointment: a detailed occupational histery
was taken; a questionnaire of regniratory srentoms odministered;
cuest rrdiograph and lung function measurements taken. The
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(iv)
appearances of the ctest padiozrarhs were read hv three medicallv
qualified readers hirkly exrerienced in the iptarmretation of the

radionranhic anpearances of occupatioral lunpg disease,

Reanlts of lMedical Survev

Results for 818 men were anilysed, £53 men currently emploved
at the factory, 98 pensioners and 57 men who had left for reasons
other than retirecent,

(a) Reaniratory Svmmtoms

Exposure to PVC dust was not associoted with e¢hronic coush
or sputum production (chronic “romchitis), acuie chest illnesses,

mmahn wmawshd Al - xam o s . - .o vy
e W W WMk bty A MLy AT UL AR Wi O wiUlRe

There was a relationz:ip Between exnosure to PVC “ust and
the complaint of breathlessness when hurrying on level ground
or walking up a slight hill, but this relationship was found
only in cigarette smokers and not in non- or sx-smokers. :

(b) Lune Function

A measurerent of the breathing canacity, tre forcecd exnired
volume in one second (FEV,) was statistically sigrificantly lower
among men with higher PVC dust exposure., This effect was s em
principally in curren: cimarette snokers, and not confirmed among
non-amokers vwhen considered sevarately., The pattesrn of results
suggested that there were real differences in the resnonse to PVC
dust related to swoking habit., The magnitude of this reduction
in all men in relation %o the mean dust exmosure was srproximately
one=seventh of that caused by areinz, And of a similar mromniteds +o
the loss caused hy smeking 20 cizarettes a day, (The FEV, =seasures
the rate at vwhich air can be blown out of the lunes thrcugh the air
passages, and reductions of the FEV, are usually caused hy
narroving of the air passages in the lung.)

Another measure of breathing capscity is the forced vital
. capaeity (FVC), the volume of air exrired in a full breath, and
this was also statistically significantly reduced at higher FVC
dust exvosure. The magnitude of this reduction was less than that
of the FEV;. '

(¢) Chest Radiogravchs

One of the three expert readers who examined the chest
radiographs detected small rounded opacities more commonly in the
radiographs of men with higher exposures to PVC dust than in those
with lower or no exposure. The other two readers did not detect
an effect of PVC dust, though they saw small rounded opacities in
a few cases,  The opacities seen by these readers were not more
comton in those with higher exzosures to dust than in those with
lower or no exnosure. Nevertheleas, men with small rzunded
opacities also had reduced lung function, compared to those without.
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(v)

(d) Autnclave Workerg

The observed effects could not bhe related to past
sxposure to vinvlechloride monomer, Mer working on the
autoclaves may have been exposed to significant amounts of
vinylchloride moncmer in the past. However, the observed
effects of PVC dust exposure could no% be explained by an
effect of working on the autoclaves, and thus were unlikely
to be dye to exposure to the monomer,

(e) TFactors other tran PVC Dust Lffects

Tha associations with PVC dust exvosure were detected
against a hackground of other non-occumationslly-induced
:."f::‘.:::. c&'ﬁah, Sumtwil Guam wehel AHQ’I.‘LL“-;UJJ a:l.n.u;.\.mla woL e
strongly related to smoking hahits., So ala: were
abnormnlities of lung fimetion; both deterioration in lung
function and small opacities in tre chest radiograph wvere
strongly associated with age, The statistical apnalyses of
the results have taken these factors into account.

Conclusion

Exposure to resnirnble PVC'dust is associated in a provortiom of
exposed workers with the presence of small rounded opacities on the
cnest radiocrsph and a Aecline in mean ventilatory cavacity. This
sugreats that PVC dust causes 2 small but detectable effect on the
respiratary health af the workforce.
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1. INTRODUCTTCN

Polyvinylchloride is produced in industry by the polymerisation of
vinylchloride monomer. The monomer is gaseous at normal temperature
and pressure, and hazards of occupational exposure to it are now well
known, notably acro-osteolysis (CORDIER et al., 1966), Raynaud's syndrom
(SUCTU et al., 1967), angiosarcoma of the liver (CREECH and JOINSON,
1974) and hepatitis (SUCIU et al., 1967; LANGE et al., 1973). Hazaris
of exposure to the monomer are not the subject of this report, and will
not be reviewed here.

In the manufacture of PVC, pressurised liquid vinylchloride mon me:
in the form of an emulsion or suspvension in water is polymerised by
heating under pressure. Particles of PVC are formed, and during the
drying and bagging operations FVC dust may be released.

Though the manufacturing process is not neceasarily universally
identical, the FVC dust produced has been reported by Italian workers to
include a large proportion by number of small particles of respirable
size (CASULA et al., 1977; HAFP et al., 19783). The proportion of small
particles is greater for the emulsion method than the suspension method
(CASULA et al., 1977). Such amall particles are likely to be inhaled
and deposited in the lung, and there have been suggestions in the medical
literature that inhalation of PVC dust may be harmful.

1.1 Animal and In Vitro Studies on Toxicitvy of PVC

[ ]
ey
]

Iz cnimsl ctudiss intratracheal administraticn of IV
has been reported to cause peribropchitis and thickening of
alveolar septa (BOITSOV, 1963) and in rats single larze intra-
tracheal inoeulations of PVC dust have caused vascular and
inflapmatory changes in the terminal and respiratery
bronchioles and alveoli, and a proliferation of histiocytes and
reticulin fibres (AGARWAL et al., 1978). Multinucleated giant
cells and granulomatous lesions developed, and serial
measurements of enzymes from lunz tissue showed increases in
energy-linked and lysosomal enzymes. Small mammals kept in
the bapging area of a PVC plant develoved a histioeytic and
giant multinucleate cell alveolar reaction (FRONGIA et al.,
1974) .

PVC has also been reported to have a cytotoxic effect when
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1.3.1

1.3.2

3.

prevalence of respiratory disease have given conflicting
results,

Surveys of PVC Workers

Chest Radiology

A repert by VERTKIK et al. (1970) suggested diffuse
pulmonary radiographic shadowing in 8% of 96 PVC workers in
the USSR, though no details of radiographic film reading methods
are given. LILIS et al. (1975; 1976: 1977) reported a high
prevalence of radiographic abnormality in workers at two of three
PVC plants in North America. Prevalence of abnormality was
related to years of work at the plsnts, but was common (13 - 16%)
even smong workers exposed to PVC dust for less than two y ars,
No duat measurements vere rsported, and although the radi graphic
appearances were recorded using the ILO U/C pneumcconiosis
classification by five physicians experienced in this.nothod, no
information is given of reader agreement, nor are the criteria
for 'abnormality' given, -

MAFP ¢t al. (1978) found a low prevalence of chest
radiographic abnormality among 258 PVC workers in a plant in
Italy; only one radiograph showed ILO U/C small irregular
opacities category 1/0, while 29 showed category 0/1.

Lung Functiom

MILLER et al. (197%) amd LILIS et al. (1976; 1977) reported
a high prevalence of abnormal lung function, obstructive in typ ,
in the two PVC plants in North America mentioned above. The
predicted normal values, based on regressions for age and height

derived from other populations, and the criteria for abnormality

say not have been appropriate to the regions, which were reported
to have been highly industrialised. Adequate control groups were
not included in the studies, and it wvas not possible to take
account of the effect of smoking.

GAMBLE et al, (1976) and WAXWEILER et al. (1977) compared
the lhng function of workers in a PVC plant with vinylchloride
monomer workers and rubber workers, and after carefully taking
into account age and smoking effects, concluded that there was,
no evidence that PVC workers had reduced lung function, even
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1.3.3

l‘.

when the same criteria for abnormality used hy MILLER

et al. (1975) and LILI5S et al. (1976; 1977) were applied.
However, dust levels were not measured, and the control
subjects were alsc exposed to other chemicals which may have
influenced their lung function.

MAPP ot al. (1978) found that the prevalence of airways
obatruction was related to duration of exposure to PVC dust,
though it was not possible to allow for the effects of age and
smoking. '

LANGE et al. (1973) reported a restrictive abnormality of
lung function in 8 of 13 PVC workers, though numerical details
are not given. VERTKIN et al, (1975) found lung function to be
normal in the 96 workers mentioned above, the majority ¢ uﬁom
had abnormal chest radiographs.

LILIS et al. (1976) and MAPP et al. (1978) reported
relatively high prevalences of chronic cough and sputum am ng
PVC wvorkers, using standard questionnaires (2(% and 3%
respectively), but it was not clear to what extent this wvas due
to amoking and local atmoapheric pollution. VERTKIN et al.
(1970) found a lower prevalence of cough (), but the method
of questioning was not described.

oty

Bazards of VL Ferolysis Sreducts

Respiratory symptoms have been repcrted in workera using
hot wires to cut PVC film for food-wrapping, and this has b n
attributed to pyrolysis products of PVC (SCKCL et al., 1973).
These symptoms appear more common in food vwrappers who are
cigarette smokers, and it has been suggested that the effects
of PVC pyrolyais products are more pronocunced in smokers
(FALK and PORTNOY, 1976). This syndrome has been studi d by
other workers (ANDRASCE et al., 1975; POLAKOFF et al., 1975;
JOHNSON and ANDERSON, 1976; BROOKS and VANDERVORT, 1977) and

will not be further reviewed here,

In the PVC manufacturing process, the PVC is not heated
sufficiently to release fumes, and smoking is not pcfhitted
within th plants, though PVC dust may be carried out of the
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5.
plants on skin and clothing.

The Present Study

.

In view of the published reports summarised Above, ICI Ltd.
commnissioned a study by the Institute of Occupational Medicine
(IOM) of the health of workers in a FVC production and processing
works, The study wes planned to investigste the prevalence aof
respiratory symptoms, radiographic changes and pulmonarvy function
abnormaljities in a sample of the present and past workforce of
the factory, and to rel:te any abnormalities found to estimates
of exposure to respirabie PVC dust,

Men were selected for medical studies from tle present
vorkforce of a factory manufacturing PVC, and from men who had
retired from the factory, and men who had left for other reasons,
in such a way as t» include a high proportion of thome workers
likciy to have been exposed to higher concentrations of
respirable FVC dust for prolonged reriods, together with samples
of thoss men likely to have been exnosed to less or no dust.

Am environmental survey of the factory was carried out to measure
current PVC dust levels to obtain an estimate of relative dust
exposure between different johs, and a detajled occupational
history obtained from the men selected for study, On the bhasis
of current respirable dust measurements and occupational history,
an index of PVC dust exposure was derived, and compared with

the seasurements of respiratory health made in the medical survey.
In the medical survey, information about respiratory symptoms was
obtained by questionnaire, lung function measursments made and
chest radiographs ohtained.

The atudy was agreed beforeshand by representatives of
management and the unions after detailed discussions with the
senior staff of the IOM.




6.

2. THE FACTCRY PLANTS AND PRCCISSES

Plants C2 o C6 produce PVC from vinylchloride monomer. Plant C1,
now ¢losed, was similarly employed. In these processes liquid vinyl-
chloride monomer is admitted to autoclaves under pressure, and mixed with
water to form either an emulsion or a suspension. The droplets of
nonoaer and particles of PVC finally produced are smaller in the emulsion
than the suspension method. Small quantities o' surface active agents
and catalysts are used in both methods.

The mixture is heated under pressure, the po’ymerisation reaction
being complete in about eight hours. The remairing gaseous monomer is
vented back to the gasholder. However, further monomer remains within
the pglymer, and this is stripped from the polymer by heating the slurry
under reduced pressure., This is done within the autoclave in the lder
plants, and in a separate lower chamber in the newer plants, When the
slurry of wvater and polymer has been dischaxged the autoclave is cleaned
with jets of vater. After cleaning the autoclaves in the older plantsa
are er.tered for inspection. Before the hazards of vinylchloride monomer
were known, significant exposure to the monomer occurred during autoclave
cleaning, but now the stripping procedure and flushing of the chember with
air ensure moncmer concentrations well below strict regulatory control
levelz in the autoclave section. )

The PVC slurry passss through pipes to closed stock tanks over which
air is circulated and vented to atmosphere to reduce further residual
contamination with menomer. Up to this point in the process the PVC
particles are wet, and little dust is apparent to the casual observer.

The sluryry then passes to the drying and packing areas, which are
physically separate from the autoclave areas. In the plants producing
esulsion polymers drying is in several large spray driers, each of which
requires opening and cleaning every seven days, this being an obviously
dustyoperation. In the plants producing other grades of PVC, the slurry
is centrifuged and dried by standard solids drying operations, which are
less dusty. The dry powder is conveyed by air to bulk storage silos or
to sack packing machines., Packing can also be a dusty operation in the
older plants, p;rticulnrly in emulsion polymer plants,

Information from the manufacturer indicated that the approximate size
ranges of PVC particles from the emulsion process were 3 to 100 um and
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7.

from the suspension process 50 to 300 ym. The emulsion particles may
be milled further to paste polymer, range 1 to 50 ;m., Some simple spot
checks by the IOM uaing the Coulter counter technique were consist nt

- with this information.

Part of the PYC produced in these operations is processed further
in separate compounding plants (Plants W1, W2, D) in which the PVC powder
is mixed with various additives, fillers, and pigments. These plants
appear to the casual observer to be generally less dusty than the PVC
polymerisation plants, although some dust is generated in the mixers and
in the Laggiug vpeialivue

Other plants in the Vorks operate in adjacent areas, to produce
various chesicalg. Thess planta vere not obviocusly dusty, and FVC
dast levels within them were assumed to be negligible.

ucce
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8.
3. METHODS

Population to be Studied

Men were selected for study on the basis of information
from factory personnel records. Recorda of place of work and
ococupation were reasonably complete except for a six-year peri d
between 1966 and 1972,

Records of men retiring from work and receiving pensions
from the manufacturers were also available, and records of
wen. leaving the factory for reasons other than retirement w re
adequate for those leaving between 1966 until the present.

The sample to be studied was therefore selected from 1,501
currently eamployed men, 339 pensioners who had retired since st
January 1967, and 468 men leaving for other reascns sinc 1st
annnr§ 1967. No women had been employed in dusty occupati ns,
and none was included in the study.

For the purpose of selection of men for medical s’udi s,
ogcupations and place of work were allotted to categories of
dustiness derived from the preliminary inspection of th plant
and measuressents of the particle size ranges of typical PVC
dusts., There were four such categoriea of dustiness, A to D,

vhere A included the most dusty occupations and D negligibly
dusty occupations. The process, maintenance and distribution
work in plants €% {(un emuision piwnt shut down in 1574} amd T4
vas allocated to category A; process, maintenance and distri-
bution work in plants C2 and C3 (old suspension polymer plants),
and process and maintenance work in plant ¥ (an old eowpounding
plant) were allocated to category B; work in plant C5, C6 and
plant D, and all occupations in which exposure was slight or
occasional, such as laboratory, quality control and work study
jobs ware allocated to category C. Occupations listed without
sufficient detail for accurate categorisation were included in
this group. In category D were all other jobs, moatly office
vork. This categorisatiorm naturslly involved some
generalisations, and it is emphasised that these categories
vere for selection of men for medical studies, and were not
used in the analysis. Detailed employment histories were
obtained from the men themselves during the study, and actual
dust measurements were made subsequently. uee
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3.2

9.

On the basis of these categories of job, the men were
allocated to dust/job groups I to V. Men who had worked 10
years or more in category A jobs or 15 years or more in
category B jobs were defined as group I. Men not in group I
who had worked five years or more, but leas than ten, in
¢ategory A jobs, or who had worked ten years or more, but less
than 15, in category B jobs were defined as group II. M n
not in groups I and II, who had worked one or more years, but
lear than five, in category A jobs or one or more, but less than
ten, Years in category B jobs were defined as groun III, Men
no: in groups I, II or III who had worked one or more years in
category C jobs were defined as group IV. The remainder, men
who had spent no time, or lesa than a vear, in job categories
A, B or C were defined as group V, The numbers of men in each
group are set ocut in TABLE 1,

The Sammle ‘

For sampling, the currently employed men, pension:rs and
other leavers, weres all considered separately. The sample
(TABLE 2) consisted of all these in groups I (332 men) and II
(196 men), randomly divided into two samples, a and b, and ¢ and
d, respectively: two randos egqual samples (e and f) from
group IXI, the sum of the two groups totalling 98 of S01 men
(20K); two random samples (h and i) from group IV, totalling
5C of 953 wen (S8); two random sumples {f and k) from group V,
totalling 74 of 326 men (3%).

Additional random samples (g and 1) were drawn from groups

IIT and V respectively, and used as reserves, If any man in
groups & to { was unable or unwilling to take part, a r serve
from group g was included; similarly group 1 acted as reserves
for groups h to k.

This intended total sample consisted of 750 men, the most
heavily exposed men heing highly repreeented in the sample, A
clerical error resulted in an additional 92 men being fully
studied, and a further 158 had chest radiographs taken and
spirometry performed, The results for this latter group are
recorded separately; the results for the additional men who
were fully studied are included in the analysis. Th se
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‘ additional men were in low dust/job groups. One-hundred and
three reserves from the 'current' men, 31 pensioners and 22 -
lsavers were drawn from sample g to replace men from groups Z'I.
II and III who did not attend the survey, In view of the 92
additional men studied as a result of the error mentioned above,
no reserves were drawn to replace men from groups IV and V,
Thus, finally, 841 men were fully studied.

Single breath gas transfer factor for carbon monoxide (see
Methods) was measured in men in groups b, d, f, i, k. A

furthar 22 men had as tvronefar messurements se o resulé of the
. :

error mentioned above (total 322 men).

3.3 Environmental Survey

Current personal exposures to respirable PVC dust were
measured by occupation in esch plant in 1pich PVC wvas
manufactured or processed. The sampling device used (HABRIS
and MAGUIRE, 1976) samples a ‘respirable’ fraction of total

. ) airborne dust in accordasce with the Johannesburg Convention
(ORENSTEIN, 1960), including SO of all particles vith an
. : ssrodynamic disseter of 5 . and a density of 1.0 ga/ew®, and
excluding 100¥ of the particles above 7.1 um.

Personal dust sampling waa.planned to include 180 men, witg
emphasis on those in the dustier occupations. Preliminary
estimates of dustiness were based on subjective observation
during a previocus visit to the vorks and on particle size

- measurements of typical suspension and emulsion PVC dusts.
Thus the sajor sampling effort was directed towards occupations
in the drying and packing areas in plants C2 to C6 and mixing
sareas in plants W1 and W2 (plant C1 is now closed). Flants
making emulsion and paste polymer received sore study than thos

asking suspension polymer.
In the event only 130 reliasble parsonal samples were

obtained; the dust tended to cause failure of the sampling
pumps, which required frequent servicing. The numbers of men

sanmpled in each occupation and plant are set out in TABLES 3 to
12 in the Results section. Numbers of men in each shift and

numbers of samples taken are also indicated. Office staff
vere not included in the survey. Plant A, vhich processed
polyethyl ne, was the only non-PVC plant included in the surv y.
ucce
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Three shifts were worked daily at each plant, one six-hour
shift and two nine-hour snifts. Samples were taken on the
fterncon shift (1 pm to 10 pm) except for one occasion vhen a
morning shift (7 am to 1 pm) was monitored. Plants C2 to C6
and W1 and W2 were monitored on more than one day to reduce
errors due to daily variations in duat concentrations.

All perscnal samples weres takem for full shif: periods on
Sartorius cellulose ester membrane filters (type 11301),
diameter 37 mm, pore size 8.0 im. Each filter was inserted

dmvbm o Paealla Tiomads M ama) ams (MAIMTDOE ok o9 AMAY ad sl
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was fixed to the workman's lapel in a vertical pos: tion. 4
Casella personal sampling pump (an 'intrinsically safe' mod 1 in
appropriste factory areas) was used to draw air through the
filters at a flow rate of 1.9 /m.

Sampling rates and revolution counter readings vere
recorded at the beginning and end of the shift, and the v lume
of air sampled calculated. A check was nade during the shift to
ensyre that tkte instrumenta vere functioning correctly.

A small number of static sasples were taken in plants C2 to
C6 and W1 and W2, The sampling instruments were placed-in
salected vork aress to measure dust concentrations in ihe general
atmosphere,

Filters were veighed twice before and after sampling.
Prior to esch veighing, the filters were allowed to reach
equilibrium with the balance room atmosphers for 24 hours so that
their weights were stable. Every tenth filter was retained as a
control and not used for sampling, to calculate correction
factors for changes in filter veights arising from chapges in
atmospheric humidity, '

The airborne dust concentrations for each zample w re
calculated from the dust weight and the volume of air sampl d.

3.b Medical Survey

‘A medical survey team visited the factory and the men were
seen by appointment. A full occupational history was recorded
by a trained clerk who was familiar with the topography and
operation of the factory «nd types of job within each plant.

uccC Details of type of work and plant within the plastics factories
057620 vere recorded with dates. Dates and type of work outside the
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The Medical Research Council Questionnaire of Respiratory
Symptoms (MRC, 1976) was administered by a trained clerk. The
clerk was instructed not to prompt; if a man had difficulty
ansvering yes or no, encouragement was given in the form of a
standard sentence and the question was repeated. If the answer
was again equivocal, 'NO' was recorded.,

Forced expiratory volume in one second (FEV,) and forced
vital capacity (FVC) were measured using a modified Gaensler
spirometer (GAENSLER, 1951; McKERROW, 1960). After a practice

eRparation, thasc techiuically éabtislontusy Tuiced éipiialivuo
were recorded. The largest values of FEV; and FVC, not
necessarily in the same breath, were used for the analysis, and

the FEV,/FVC ratio derived from these figures.

Single breath gas transfer factor for carbon wonoxide (TL,
was measured by the breathholding method of MEADE et al. (1965)
based on the modified Krogh technique. Duplicate estimations
were made at least ten minutesa avart on an automated sairometer
gas sampling system (Transfer test B, P.K. Morgan Ltd., Chathar
Kent). Effective alveolar volume (V;¢ff) was measured by h 1:
dilution in the same single breath, and used in the caleculatio
of TLCO and KCO (Kco a ;Eggr). Technically unsatisfactnry te

were rejscted and repeated (i.e. if the inspired volumes of t
two tests differed by more than 10K, if the spirograms of the
sanosuvres vere of different shape or if the rates of inspir
and expiration were too slew). The mean of the results of
two satisfactory manoeuvres was used in the analysis, In ¢
men only one satisfactory test was performed, and the value
from this test wers used in the analysis.

Tﬁo men were weighed fully clothed, and their standin:
heights measured.

A full-size postero-anterior chest radiograph was tal
a standard technique (95 - 120 kV).

The chest radiographs were read indevendently using
I10 U/C International Classification of Radiographs of
Pneumoconiosis (International lLabour Office, 1972) by tr
medically qualified National Coal Board readers highly
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experienced in this work. The readers ware chosen to
represent a range of interpretations of the presence of small
radiopraphic opacities, on the basis of systematic inter-

reader differences recorded in previous work.

The radiographs were alsoc read by a cheat physician for
¢linical purposes. When an abnormality was found the man and
his general practitioner were informed by letter. If a man's
lung function tests were abnormal he was informed of this and
advised not to smoke,

Y R T I VL.
A LS WA AHGL YO LD

Data were checked, coded, punched on cards, recorded on
magnetic tape, re-checked and edited.

Every occupation within the plastics divisionmite at Hillhouse
Works was allotted a PVC dust concentration on the basis of the
measured current dust levels, the results of which are described in
the next section. Sixty-six such joh/dust categories were derived
from the 130 measurements made and from knowledge of the
factory conditions. . Details of thia allocation are described
in Appendix 1.

A 'dust index' was derived from the current dust
measurements and the occupational history such that the current
dust levels in each of a man's occupations in the plastics
factory was multiplied by the years he had spent in that
occupation, and this figure added to the figures derived from
his other occupations in the factory, i.e.

n
'‘Dust index' = L (number of years in occupation, x mean dust
i=1 concentration in oecupationi)

where n is the number of occupations an individual has worked in
the plaatics factory. This index does not represent the man's
actual dust exposure, for only present dust levels have b en
measured, and subjective impreasions of airborame dust over the
years suggest that dust levels have been higher in the past than
those- presently experienced. This index can ba considered an
approximate astimate of relative dust exposure. It is expressed
in years, weighted by present dust levels. For instance a man
who had worked for 30 years in an office in the factory had a dust
index of zero; a man who had worked over 30 years in the dustiest
occupati na had a duast index of 90,
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Criteria for resviratory symotoms, based on the
questionpaire were as followa:-

Chronic cough; yes to questions 1 or 2 plus yes to
question 3

Sputum; yes to question 4 or 5 plus yes to guestion 6

Period of increased cough and phlegm lasting 3 weeks or
more in the last 3 years; yes to question 7a

Chest illness during last 3 yearé which has kept subject
from normal activities for as much as a week; yes to
question 11a

Dyspnoea; shortness of breath wvhen hurrying on lev 1
ground or walking up a slight hill; yes to question 8a

Asthma; attacks of shortness of breath with wheezing;
yes to question 10a and/or history of asthma; yes t
question 12g.

Men were groupé& by smoking category; lifelong non-smokers,
current cigarette smokers (including men smoking cigars or a
pipe as well as cigarettes), ex-smokers and 'other' smokers,
including present pipe and/or cigar smokers, excluding

cigarette smokers. Lifetime cigarette consumption in packs (mean
6 -
o 3
for cigarette smokers and ex-smokers on the basis of the answers
to the detailed smoking history included in the guestionnaire.

If a man smoked cigars or a pipe, this was not considered in the

figure for lifetime cigarette consumption.

daily cigarette consumption x years smoked x ) was calculated

Data were examined by standard methods including multiple
linear regreasion snd subsequent examination of residuals, and
logistic analyais,

uee

r—- —— 057623




15.
“ L, RESULTS

b1 Environmental Survev

The mean airborne respirable dust concentrations to which
130 workers in various cccupational groups wers exposed during
the survey are shown, by plant, in TABLES 3 - 12, The
occupations are listed in TABLE 3 in order of duast

concentration,

Respirable dust levels were generally low except for the
Cl drying and macking operations and mixing process in plant W1,
The highest mean average respir.ble dust expoaﬁre over any
occupation over a shift was 2.83 mg/mw’.

The distribution of calculated ddst indices (years x mg/m®)
for the 818 men studied in the medical survey are shown in
FIGURE 1.

The concentrations measured by the static samplers were low
cowpared with those from ‘he personal samplers (TABLE 14), and

. have not been used in the analyais.
4,2 Medical Survey = Summarv of Results

Measures of respiratory symptoms, lung function and chest
radiographs are typically affected by many factors at once, The
effect attributable to any one of these factors (age, dust index,

smoking status, ...) denends to some extent on what other factors
are also considered to contribute to the resmonse.

- Correspondingly, in deriving the levels of significance gquoted
here for any one variable allowance was made at the same time for
the effect of other variables of interest.

4,2.1 PVC Dust Effects .

4.2.1.1 Resniratory Svmmtoms

There was an association of complaints of mild breathlesspess
on exertion with PVC dust exposure index among cigarette smckers
(P € 0.02). Chronic cough or soutum, recent acute chest illness
or history of asthma were not related to PVC dust exposure index.

b,2.1.2 Lune Funetion

Index of PVC dust exnosure was significantly related to
reduction of forced expired volume in one second (FEV,) (P < 0.025),

UucC
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19.
. 4.3 Medical Survey - Jatailed Results
b,3.1 Features of Poonulation Studied

Eight hundred and forty-one men were seen, of whom 232 men
were excluded from the analysis because of incomplete records
of age, occupational history or spirometry,

The results for the remaining 818 men have therefore been
analysed. Six hundred and sixty-three men were currently
employed at the factory ('current men'): Of were pensioners,
and 57 men had left for reasons other than retirement ('leavers')
(TABLE 15). Current men and leavers were of similar mean age
(4h,2 and 43.2 years respectively); pensioners were older
(63.4 years), Mean dust indices were similar in current men
and pensicners (13,4 and 14.2 units * respectively) and 1 ss in
leavers (4.9 units ®). The current men and pensioners had sp nt
mean periods of 14.3 and 16.6 years resvectively a¥ the factory,
the leavers only 5.5 years. The FEV,, FVC and FEV,/FVC ratio
were similar in the current men and leavers, and lower in the

. " (older) pensioners (TABLE 15),

Numbers of current men, pensioners and leavers are set out
by age group and smoking category in TABLE 16. In TABLE 17, ail
men are shown by these categories, with mean dust indices for tae
groups. One hundred and forty-eight (18%) of the whole
population were lifelong non-smokers: 378 (46%) were current
cigaretie amokers or smoked cigarettes as well as cigars or a
pipe; 58 (7%) smoked cigars or a pipe without cigarettes (other
smokers); 234 (29%) were ex-smokers,

b.3.2 Preliminary Analysis

Multiple linear regreassion was used to screen possible
e:planhtory varisbles in relation to response. There was no
evidence that years worksd at the PVC plant or work in an outside
industry in which noxious materials were used were related to
prevalence of symptoms, lung function or radiographic abnormality,

* Dust index urits are years x mg/m, but this does not represent actual

dust exposure, as only current dust levels are known,

UCC
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after are, index of dust exposure, smoking habits, and (in the
case of lung function) height and weight were taken intc account.

Respiratory Svmotoms

Analysis of respiratory symptoms vas based on the answers to
the questionnaire,

The only respiratory symptom showing a relationship with
index of PVC dust exposure was dyspnoea.

Chroniec Coush or Swvutum

" One hundred and fifty-two men (18.&) reported chronic
cough for as much as three months in each year. One hundred
and thirty-four men (16.1%) reported sputum for as much as three
months in the year. Ninety-four of these men (11.5%) reported
both cough and sputum. Chronic cough wvas positively associated
with sputus (P << 0,001), and prevalence of chronic cough
(irrespective of sputum) and prevalence of sputum (irrespective
of cough) each showed highly significant differences b:tween
smoking categories (TABLE 18). The association of cough and
sputum was similar in the different smoking categories when the
different prevalences were allowed for.

Chronic cough alone, sputum alone and cough and sputum have
been considersd together in the subsequent analysis (called
‘cough or sputum’). One hundred and ninety-two men (23.5%)
reported chronic cough or sputum.

There were marked differences in prevalence of cough or
sputus between smoking categories (X° test, P < .001), and
snoking category influenced the apparent relationship of cough
or sputum with other variables including age, lifetime cigarette
consumption and dust index. For this reason men in the four
ssoking categories were considered separately by logistic analysis.

Non-smokers

Only five of 148 men (3.12) reported cough or sputum, and
there vwere no evident relationships with dust index or age.

Cigarette Smokers

There wvas a higher prevalence of cough or sputum among
cigarette smokers (34.4%) than amonc non-smok rs, and this

Ucce
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effect was related to lifetime ¢izarette consumption.

Logistic analysis showed a strong rositive relationship
between cough or sputum and ¢igarette consumption (P < ,001).

Using the log of lifetime cigarstte consumption in the
logistic function gave a better fit with cough or sputum, &nd,
for these do*a, & simpler mathematical expreasion for the
relationshin*. Using this form of relationship between cough
or sputum and cigarette consumption, the age effect was no
longer appar nt and there was still no effect of index of dust

exposure,
Qther Smokers

In pipe and cigar smokers there was a gresater prevalence
of cough or sputum (3%%) than in non-smokers, similar to that
.in*cigarette smokers. No réiationship with years smoked, dust.
or age could be demonstrated.

Ex.Snokers

. Logistic madelling taking accomnt of age, iifetime cipgmrette
, consumption and dust simultaneously, showed a relationship with
age (P < 0,05), a relationship with cigarette consumption which
did not reach significance (F = 0.11), an4 no dust effect.
(Lifetime cigarette consumption was taken as zero in cigar and
pipe smokers.)

4,3,3.2 Asthma

No relationship was demonstrated between a history of asthma
and- index of FPVC duast exposure.

Ninety-two men (11.2%) reported suffering from asthma or

* TFitting the logistic function:

B(x) o exp (a + b loe x) Where P(x) is the probability
1+ exp (a+b log x)

gives b = 1,008, very close to 1.

of cough or sputum as x variec

X = lifetime cigarette

Taking b as 1, the expression becomes consumption (units = 1,000

P(x) = «emiX x>0 packs), a, b being unknown
1 +Cx C = ed

. . constants estimated by the
C is estimated as 0.06.

. . - curve-fitting proeedure
Thi= fit is illustrated in FIGURE 2,

(using maximum likelihood
methods). uccC
057627

hl.llllll.lllllllIIlllllllIIIIIIlIIIIlIIIIlIIIIIIIIIIIIIIIIlIIIIII'----L—f



2 N

attacks of shortness of breath with wheezing. Yore men in the
smoking groups (cizarette smokers (12,7.), other smokers (13.5:),
ex-smokers (12.8%) ) reported these symntoms than in the non-
smoking group (4#). The differences between the four
categories are significant {X* test, P < 0.04).

Logistic likelihood analysis confirmed the differences
between smoking groups at a sharper level of significance
(P < 0.01), but no effect of age or dust was apparent, There
was no discernible interaction between smoking and PVC duat.

’4.30305 sSvnoea

There was a significant alight sssociation of breathlessness
on exertion with index of dust exposure.

Two hundred and fifteen men (26.7%) admitted to dyspnoea on
exertion grade i (*shortness of bLreath when hurrving on level
ground or walking up a slight hill'), Prevalence was
approximately three times hiéhor in the smoking groups (32% in
cigarette ssokers) than in the non-smokers (1K). Linear

. logistic analysis confirmed this (P < 0.0001), and showed a
strong age effect (P < 0.00001). A dust effect anproached
significance (P = 0.054) after adjustment for age and smoking,
and this effect was pronounced in current cigarette smokers
(P < 0.02) after allowing for age and lifetime cigarette
consumption, but not present in the other smoking categories.

Pravalence of more ssvers grades of dyspnoea showed a
strong relationship with age and a weak relationship with
smoking, but no dust effect. '

L.3.3.4 Acute Chest lllnesses

No relationahips were demonstrated between acute chest
illneas and index of dust sxposure.

A history of recent periods of increased cough and phlegm
was more common in cigarette smokers and other smokers than
non-smokers or ex-smokers, though this difference only
approached sipnificance (X test, P = 0.063; likelihoed test,
P < 0.03), and no effect of index of dust exposure or age was

apparent after smoking differences had been taken into account.
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“ , Prevalence of a nistory of recent chest illness was not
gignificantly related to smoking, aze or index of dust
exposure. Combination of these two features of chest illness
shoved no significant relationships with smoking, age or index
of duat exposure, nor did the inclusion of positive histories
of pneumonia, pleurisy or (acute) bronchitis.

LN Lung Function

F2V, and FVC were significantly inversely related to the
index of PVC dust axposure,

4.3.4,1 Forced Exvired Yolume in One Second (FEV,)

Preliminary analysis indicated the anticipatsd relatiomship
between FEV, and age and smoking category (FIGURE 3),
cigarette smokers having the greatest loss of FEV, with age,
non-smokers the least,

Dust effect was studied after standardisation for age,
height and weight by multiple regression. Pensioners were
found to have aignificantly lower mean FEVy after age, height,

. weight and dust index had been taken into aceount than current
men or leavers (FIGURE 4), though the 3lope of the regression
for dust index was similar in all three groups.

For subsequent analysis the slopes of the regression for
FEVy with dust index were constrained to be the same for
current men, pensioners and leavers: the intercepts for
current men and leavers vere constrained to be the same, but the
intercept for pensioners was allowed to vary independently,
Introducing different.intercepts for smoking categories and
additional regression for lifetime cigarette consuwption into
the model did not seriously alter the overall regresaion with
dust index, though there was a significant inverse relationship
of FEV; with cigarette consumption (P < 0.0001) (TABLE 19).

There was a significant negative effect on FEV, of
increasing dust index (P < 0.029) after adjustment for age,
height, weight and smoking.

Further expansion of this model by allowing different slopes
of regression of TEVy, with dust index for the different smoking
categories (TABLE 20) showed that the dust effect was most marked
in cigarette smokers, and not apparent in non-smokers, though
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the magnitude of difference in slopes between these two groups
is just significant at the 1% level., The intermediate values
of the slopes for ex-smokers and other smokers provide slight
additional evidence that the dust effect varied according to
spoking status, The effect was significant among amokers

(P < 0,005), and was not demonstrated in non-smokers, but this
may partly be the result of their lower mean dust exXposures
(TABLE 17), and small number of men (148). More detailed
modelling allowing different regression of FEV, with age for each
amoking group confirmed a dust effect in cigarette smokers.

and also indicated a slight but statistically non.sipnificant
effect of dust in th: non-smckers. In conclusion an ov rall
effect o{ PVC dust was demonstrated, and suggestive evidence of
differences between smoking categories was identified.

Addition of chronic cough or aﬁutu-. and recent chest
illness to the model (with a single regression for dust effect)
indicated that each of these was associated with a lower level

__of FEV, (P < .001, P € 0,002 respectively). Asaociation of
~radioclogical abmormality with FEV, is reported in the section

on chest radiographs.
rzgnitudo of FEV, Loas

After taking into account the effects of age, height and
weight, the overall regression of FEV, with dust index was
=0,0040 litres per dust index unit (years x mg/m?)., This was
equivalent to a loss of 52 al of FEV; for the mean dust index.
As an illustration this would be eguivalent to a loss for all
men of 5.2 ml of FEV, per year during exposure to the mean dust
index over a period of ten years. In cigarette smokers
considered separately this loss was 8.9 ml of FEV, per year for
similar exposure, additional to the loas caused by amoking and
age. It is emphasised that dust index does not represent actual
dust sxposure for it is based on current dust levels only.

This may be compared with the mean.losses due to age
(35 ml per year) or smoking one pack of cigarettes a day (6.2 ml

per year),




“"-3-“.2

h'}'“.s .

b,2.b,b

25.

Forced Vital Capacity (FVC)

FVC was significantly inverseliy related to index of FVC

dust exposure among currently employed men.

Preliminary analysis indicated the anticipated adverse
effecta of age and smoking category on FVC (FIGURE 5). Multiple
regression techniques, allowing different intercepts and
different slopes of regression with dust index for current men,
pensioners and leavers showed a negative association between
dust index and FVC among the current men (P < 0.05) (TABLE 21).
Pensioners had a lower mean level of FVC after adjustment for
age, height and weight for any dust index, and no dust effect was
apparent. Leavers had a similar mean level of FVC to the
current men but no dust effect (FIGURE 6).

The pattern of dust effects among smoking groups was similar
to that for FEV;, though the differences did not approach
significance at conventional levels.

Ratio of Forced Expired Volume in One Seaond to Foreced Vital Capacit
(FaVy/FVG ratio)

The FEV,/FVC ratio was not significantly related to index of
PVC dust exposure. -

Preliminary analysis of FEV,/FVC ratios demonstrated age and
smoking effects (FIGURE 7)., Multiple regression for log(FEV,/FVC) in
the seme manner as for 7LV, ana IVC confirmed age, height and weight
effects, but dust effects did not reach significance. Pensioners
did not have significantly lower FEV,/FVC ratics. The
introduction of chronic cough or sputum and recent chest illness into
the model indicated a significant association of chronic cough or
sputum with lower FEV,/FVC ratio (P < 0.001) (TABLE 22).

Gas Trans®er for Carbon Monoxide (TLCO)

‘ TLCO' Kco and VAofr were not significantly related to index
of PVC dust exposure.

Multiple regression for TLCO in 322 men chowed significant
age, weight and smoking effects but no dust effect,

Pansioners had lower TLro adjusted for age, height, weight.
and smoking than other groups but no dust effsgt (TABLE 23).
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Diffusion constant, KCO' showed significant inverse
relationships vith age and height for all men, significant
snoking effects but no dust effect. Alveolar volume, VAeff.
showed age and height effects but no duat effect. Pensioners
had lower vA.tr ad justed t:or age, height and smoking.

Chest Radinjranhs

A significant relationship of the prevalence of small
rounded opacities with index of PVC dust exposure was found by
one reader only.

Results for the three expert readers are described
separately. The anticipated differences between readers in
interpretation of small opacities were apparent (TABLE 24),

Prevalences cf Small Opacities

The prevalences of ssall rounded and amall irregular
opacities of U/C category O/1 or greater, and /0 or greater,
are set out in TABLE 2%. Reader 17 found the greates: prevalence
of soall rounded opacities; 50 radiographs (6.7) with category
0/1 or more, ten (1.2%) with category 1/0 or more. (These ten
consisted of six radiographs with category 1/0 and four with
category 1/1.).

Reader 15 found more mmall irregular opacities than the
other readers; 53 radiographs (6.5%) with category O/1 or more,
zost of whos Jere classified as 1/0 or more (U6, 5.6 of the
entire sample) (TABLE 24)., Of these 46 radiographs, 16 vere
1/0, 20 were 1/1, 1 was 1/2, 6 vere 2/1 and 3 were 2/2.

For two readers (03 and 17) there was a slight tendency for
filas classified as showing one type of amall opacity to be
classified as showing the other type as well., Agreement between
resders in ¢classifying type of small opacities is set ocut in
TABLES 29 and 26.

Small Rounded Omacities - Categary 0/1 or Greater

Reader 17 found a significant relationship between
prevalence of small rounded opacities category 0/1 or greater and
index of PVC dust exposure.
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Preliminary analysis of the data for readers C3 and 17
showed a relationship between the prevalence of small rounded
opacities and age (FIGUKE 8). The results for reader 03 were
dominated by a relatively high prevalence (7.9%) in the oldest age
group. The results for reader 17 showed a progreasive increase
in prevalence of small rounded opacities with increasing age, the
highest prevalence being 11.% in the old._st age group.

Resulté for reader 03 showed no relationship with dust index
(FIGURE 9), but reader 17 found an additional relationship of

- . iR - 3 meemmd ol ved Mb D imdk dmdaas ; I
soetalonss of small roundsd cpasitics Wit LGSt QlaalX, eveu wuen

age was takern into account (FIGURE 10). The zero prevalence of
small rounded opacities category O/1 or more inm the lowest dust
index category (TABLE 27) does not necessarily indicate that dust
exposure is required for the development of these opacities.

The subscguent lomistic analysis indicated a stromg age effect
independent of dust effect {(for two readers),

Reader 15 classified only four radiographs as rounded
opacities O/1 or more. Thess showed no striking reliationships
with dust or age, and have not been analysed further.

Results for readers 03 and 17 were examiped by logiastic
analysis. feader 03 found a clear relationship of the prevelence
of small rounded opacities category O/1 or more with age (P < 2.002),
and no relationship with dust when age was taken into account
(P = 0.,83). The fitted model indicated a prevalemce of 1.5% for
men aged 45 years, subsequently increasing approximately twofold for
each additional ten years of age. Smoking category did not
influence these results,

Reader 17 found highly significant relationships of small
rounded opacities category O/1 or more with both age and dust index.
Age and dust index were independently related to prevalence of
opacities, The relationship with dust index after allowing for
age was significant at P < 0.001 (FIGURE 10). The relationship with
age after allowing for dust index was significant at P < 0.001.

The fitted model estimates a prevalence of small rounded
opacities category O/1 or more of 4 among 45-year-old men with Len
dust index units. This estimate increases by a factor of approximrtely
5/% for each additional ten years of age, and (separately) by a factor
Uee
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of approximately 4/3 for each additional ten dust index units.
An alternative representation of the fitted model is illustrat
in FIGURE 11. Predicted provalence of rounded opacities
category O/1 or more is plotted against dust index for differe
age groups. Reader 17's actual readings for all ages are al:
shown, This model predicts a 7.6% prevalence of small round
opacities category O/1 or more for 65-year-old -.en never expo
to PVC dust. Twenty PVC dust index units increases this
prevalence at age 65 to 13,5,

- Age and dust effects for reader 17 were nn. the same fa:
smoking categories, The dust effect was seen in the ex-smoi
and 'other' smckers, among whom no age effect was se n. Am
non-gmokers, who were younger, and of whom only thre of 148
had small rounded opacities category O/1 or more, an age
effect was indicated but notconfirmed, and the dust effect
doubtful., Amongst cigarette smokers there was a clear
relationship with age, and no dust effect, The reasors fo:
these differ=nces were not apparent, and the results presen
are those for all smokipg categories combined.

Age for age the pensicners had a-lower nrevalence of ¢
rounded opacities when age and dust had heen taken into acc

Relationshio of Respiratory Svmntoms to Prevalence
of Small Rounded Ovacities

Thers was no evidenca tnat the prasance of Chronic oo
sputum, or recent acute chest illness was related to the p
of small rounded opacities when age and dust had been take
account,.

Small Rounded Onacities - Categorv 1/0 or Greater

Reader 17 found ten radiographs showing small }bundec
opacities category 1/0 or greater, and in spite of this «
number, a significant relationship with both age (P < O.C
dust index (P < 0,02) (after adjusting for the other) was

The estimated prevazlence of small rounded opacities
1/0 or more for men aged 45 with ten dust index units wa:
the prevalence increasing by a factor of anproximately
each ten years of life and approximately 1% for esch fur
dust index units. Uce
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| 4,3,5.4 Small Irrearular Onacities - Catermory 0/1 or Goe-cer

No significant rela%s .=/ :ps were found between prevalence

of me=1" s.rogular opacities and index of PVC dust exposure.

Preliminary analysis showed a clear relationship betw en
prevalence of small irregular opacities category (/1 or greater
and age for all three readers (FIGURE 12). There appeared to.
be no or little relationship with dust index (FIGURE 13).

Logistic analysis confirmed the age effect for all three
randars (reader 03, P € N.001: raader 15 P < 0.00001:
reader 17, P <€ 0.001). In the case of reader 15, for example,
the estimated prevalence among men aged 4S years was 2.8%.
This increassd by a factor of three (approximately) for .ach
additional ten years of age. There was no relationship of
prevalence of amall irregular opacities with dust index for any
of the three readers.

For reader 15 the relationmship of amall irregular

opacities with age could in small part be explained by a

. positive history of chromic cough or sputum (P < 0.03), and by
history of chest illpese., The criteria of chest iliness, in
this instarce only, included a history of pneumonia, pleurisy
or (acute) bronchitis, or a period of increased cough and phlegm
lasting three veeks or more in the last three years, or a chest
i1Inasia during the last three vears which had kent the suhiest
from his normal activities for as much as a week. Prevalence

*» of small opacities was related to chest illneas by these

eriteria (P < 0,03). Men with chromic cough or asputum, or men
with a history of chest illness were each approximately twic as
likely to have small irregular opacities as those without thes
features. Chroenic cough or sputum and history of chest illneaa
ware to some extent alternatives to each other: the inclusion
of each in the model reduced the significance of the other, while
a positive history of both was more strongly associated with
small irregular opacities.

Reader 17 also found & relationship between small irregular
opacities and chronic cough or sputum (P = 0.061), but no relatiomship
vith hictory of chest illness. For both readers, the age effact
remained extremely strong even wihen these symptoms were taken into
account.
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. Peader 03 found differences between smoking categories.
Prevalence o. "—=1l1 irregular opacities was lowest in non-smokers
(0.7%) and highest am..; ... =~hore (12,7Y).  Ex-smokers
(3.8%) were similar to cigarette smokers ... Th: v
differences were formally significant (P = 0,021) after allowing
for differences in age distribvution between the smoking groups.
There was no dust effect. '

Neither of the other two readers identified smoking
differences.

4.5.9.0 Smail irregular Upacities . Category 1/0 or Greater

Analysis of readings of small irregular opacities category
1/0 or sore (TABLE 24 shows prevalence) confirmed the age effects

and did not show any dust effect. Results for reader 15
confirmed the relationship of small irregular ojacities with
history of chronic cough and sputu; and/or acute chest illness
(P < 0,02). Reader 17's results indicated a relstionship with
chronic cough and sputum (P = 0,054),

. 4.3.5.6 Relationship of Lung Function to the Presence

of Small Rounded Cpacities

Men with small rounded cpacities had significant reductions
of FEV,, FVC and V eff,

Reader 17 found =mall rounded opacities category 0/1 or
greater in S0 radiggwo=hs, The lusg funstion of thass &en was
significantly reduced. The FEV, was reduced by a mean of 219 ml
(P € 0.01) after age, height, weight, smoking, cigarette
consumption and dust index had been taken into account. The
FVC was reduced by a mean of 264 ml (P < 0,01), using the same
model, and FEV,/FVC ratio not significantly different. TLCO and
xco were measured in 21 of these men, and were not found to b
significantly reduced. VAoff was reduced in these 21 men by a
mean of 328 ml (P < 0,09).

The same reader found small rounded opacities category 1/0

or more in ten radiographs. In these ten subjects the mean
FEV, was reduced by 295 ml but this difference failed to reach
signiticance (P < 0.2) because of the small numbers of men,
Similarly the FVC was 325 ml lower but this difference also
fail d to reach significance (P < 0.2). The Loy vas
m asured in only one of these men.
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These results supgpest that the men with small rounded
opacities had an associated impairment of lung function,

predominantly of obstructive pattern.

Relationshin of Lunz Function to the Presence
of Small Irrermular Unacities

Men with =mall irregular opacities in the chest radiograph
had signific-untly reduced FEV, , FVC and FEV,/FVC ratio.

Radiographs of 90 men wers thought by one or more readers
to show small irregular opacities category O/1 or greater.
Tho'lung function of these men was significantly reduced.

Their mean FRV; was reduced by 210 ml after adjusting for age,
height, weight, smoking category, lifetime cigarette consumpti n
and dust index (P < 0.01). The mean FVC vas reduced by 147 ml,
using a similar model (P < 0.05). The log of the ratio
FEV,/FVC was also significantly reduced (P < 0,01). TLeg vas
neasured in 34 of these men, and vas reduced by a mean of

1.59 al/min, m B& (P < 0,08). Vv, and K., vere not
significantly different,

Badiographs of 52 men were thought Sy one or more readers
to show smal) irregular opacities category 1/0 or greater, Th
mean FEV, of these men was reduced by 325 mi (P < 0,001) using
a similar model to that used abave, The mean FVC was reduc d
by 276 ml (P < 0.01), The log(FEV,/FVC) ratio also was
significantly reduced (P < 0.01). TLyy ¥aS measured in 25 of
these men, and was reduced by a pean of 1.97 ml/min. ma Hg
(P < 0,05).

These findings suggested that the presence of small
irregular opacities was associated with an cbstructive lung
defect, and that greater profusion of opacities was associated
with sore severe airflow obstruction.

Autoclave Workers

Autoclave workers may have been exposed to significant
concentrations of vinylchloride monomer in the past, The effect
of a history of being an autoclave worker was examined in the
respiratory symptoms, lung function and chest radiographic
abnormality models. With one exception, & history of having

been an autoclave worker had no influence on symptoms, lung
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function or chest radiographic abnormalities. The exception
wag in the presence of small rounded opacities category 0/1 or
more found by reader 03; men who had worked at some time on the
autoclaves had a 8ignificantly lower prevalence of small

rounded opacities category 0/1 or more, after age and PVC

dust effects (P < 0.04). This was not the result of
differences in smoking habi.. Thus apparent PVC dust effects
were not the result of expssure to vinylchloride monomer

during autoclave working.

Mam
-

The readings of the cl.est radiographs of 181 men not
included in the analysis are given in TARLE 28. These coaprise
the radiographs of 23 men excluded froa the analysis because of
inadequate data, together with 158 men whose chest radiographs
were taken but who wers not intended to be part of the selected

study population. The prevalences of small opacities were
similar to those of the study population.

Clinical Readings of Chest Radiographs

‘As a result of the readings of chest radiographs by two

cheat physicians for.clinical purposes, 84 men were referred to
their general practitioners.

Most of these refarrals were for minor abnormalities of the
chest radiographs, particularly pleural shadows consistent with
paat infections, apical shadows consistent with inactive or
healed tuberculosis, pfobable nipple sha&ows. and slight diffuse
shadowing in the lungs. Cardiomegaly was also observed. In
six men the appearances were thought to require clinical
investigation to- exclude or confirm malignant disease. At th
present time, serioua disease has been excluded in four men, one
has refused further investigation and one is still undergoing
investigation.

The chest radiograph of one man showed advanced diffuse
pulmonary fibrosis. This man had a chest radiograph taken
though he was not in the intended study sample. He had worked
in plants C1 and C4 for 32 years, though not in employment close

t the process, " H was asympt matic, though on examination he
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had clubbing of the fingers and many crepitations were audible
over the lower parts of his lungs, He was referred to his
general practitioner for investigation. and it is hoped that ‘
further information will be available later.



34,
5. DISCUSSION

A survey of the literature has shown that there is some evidence that
inhalation of PVC dust might be asscciated with the development of
respiratory disease, exnressed as radiograchic changes, respiratory
symptoms or functional abnormalities (VERTKIN et al., 1970; WILLER et al.,
1975; LILIS et al., 1976; ARNAUD et al., 1978; MAPP et al., 1978).
However, one enidemiological study fajled to demonstrate any functional
abnormality related to PVC dust (GAMBLE et al., 1976). The results of
this and the previous studies were equivocal, and this has generally been
Yevause suclt Symploms, dysfunction and radiological ciianges have muliipie
potential causes, of which inhalation of PVC dust is only one. It is
neceasary therefore in studying the effect of inhalation of PVC dust to
take into account other factors known to cause respiratory symptoms,
radiological changes and reducedlung function. Moreover, in studying any
working population it is deairable to include those workers who have left
the labour force either to move to othpr jobs or on retirement, as such
nen may include dispropertionate nurbers of‘lcss healthy men (FOX and
COLLIFER, 1976).

This study was planned to sample the present workforce and thos who
had previously worked in the factory. 1t was not posaible to study th
entire pOpnlition and so a random sample was selected, weighted to include
a relatively high proportion of those who had the highest lifetime
exposure to PVC dust., The initial selection was based on rough estimates
of past exposure, but analysis of the effects of exposure to PVC dust was
based on more accurate estimates calculated from a careful occupational
historf and on measurements of current exposure to respirable PVC dust.
Nevertheless, these estimates remain inexact, as it was not poasible to
obtain measurements of nast dust exposures in the factory. Insofar as it
is probable that earlier levels were higher than those obtaining at present,
our exposure estimates are probably rather lower than the actual historical
values especially for these men with the longest working history, and this
should be borme in mind when drawing conclusions about dust/disease relation-
ships, The assumption was also made, and is likely to have been valid, that
the ratios of exposure between difference jobs had remained approximately
constant.

In the selected samnle of the wopulation, the study was planned to

measure the nrevalence of respiratory symptoms, the levels of lung function
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(toth of the airways and of the peripheral, gas-exchanging parts of the
lung) and the amount of radiological abnormaliiy, and to relate these
findings to the estimates of exposure to respirable PVC dust. In so
doing it was necessary to allov for the effects of other factors that
vere known to affect, or were suspected of affecting, these measurements.
In the case of symptoms and respiratsry function, age and cigarette
sroking (and size with regard to lung function) are known to have
important effects, while in the case of radiological changes it was
thought probable that observer differences and effects due to age and
smt zing might be obaerved., The analysis was therefore plammed to take
thise factors into account as vell as the possible effecta of PVC duast
exposurs.

In the case of this epidemiological study, a clinical reading of the
chest radiograph was carried out, as in any such study a propertion of
men are found with serious and usually coincidenta) disease that requires
medical attention, Among those found to have sbnormalities was one with
rulmonary fibresis. There is no way of knowing at present whether this
san's disense was related to his work, but he is being inveatigated
further c¢linically and it is heped to acquire further information later,
No excess of other disease, such as lung cancer, was anparent in this
study,

We found a relationship between estimates of expoasure to PVC dust and
symptoms, lung function and radiological abnormalities. In the cas of
sy=picas, tha relaticnship was betwean expuswrs Lu dusi in cigarwtie
smokers and grade I (or slight) dyspnoea. This relationship vas n t
present in non- or ex-suokers or in other smokers., The effects of age
and cigarette smoking on this s&mptom were, as anticipated, much stronger
apd it seems unlikely that the effect of PVC dust on symptoms alone is of
clinical significance,

However, the relationship betwesen PVC exposure eatimates and
reapiratory function showed that inhalation of the duat has an effect on
the FEVy, that is comparable to that of smoking, though not as pronounced
as that of age.

The effect of FVC dust exposure on the FEVy was seen strongly in
cigarette amokers, and not confirmed among non-smokers considered separatelr,
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and the patterm of the rugressions for dust effect in the different
smoking categories sugpestad that there were real differences in FVC
dust effect according to smoking habit., This suggested interaction
between FVC dust and smoking might be caused by a combined effect of
dust and smoking acting separately on the airwvays, or poasibly to PVC
pYrolysis products released from cigarettes contaminated with PVC dust.
Smoking was not p.rmitted within the factor& plants, but the dust could
be carried out on skin and ¢lothing. Respiratory symptoms are known
to occur in workers cutting PVC film with hot wire (SOKOL et al., 1973),
and it has been su gested that these effects are more pronounced in
smokers (FALK and PORTNOY, 1976). While this suggested interaction
tetween smoking and effect of PVC duat on lung function could be caused
by either of theae mechanisms, the effect of PVC dust on the chest
radiographs was not clearly related to smoking, and therefors
presumably not related to PVC pyrolysis products.

We only measured respirable dust, but an effect on the airways could
also have been due to dust of larger particle size, also present in th
air, and which would be deposited less peripherally in the lung than the
respirable fraction., Measures to reduce respirable dust will of ¢ urse
reduce dust of larger particle size as well. This effect on FEV, is
important. Although the mean decline with exposure is small,within the
range there are likely to be workers whose decline, by analogy with the
known responss to cigarette asmoking, is of clinical significance.

The wilewet of dust exposure on FLV; was mirrored by a similar small
effect on FVC, However, no effect on tranafer factar or alveolar
volume was found. This auggests that dust exposure has a predominant
effect on airways and that ther‘ is no evidence of an effect, such as lung
fibrosis, on the gas-exchanging parts of the 1uné from this study. This
is in keeping with what has so far been reported from human and animal
pathological studies, where pulmonary fibrosis has not been a prominant
finding. The effect of dust exposure on airways may be a non-specific

‘effect, related to the mass and number of dust particles, or it may be a

specific effect due to a particular property of the dust. Which of
these is correct must await further pathological and experimental studies,
but some evidence may be adduced from the radiological findings.

Interpretation of cheat radiographs is a largely subjective exercise,

large variations occurring between differ nt readers, We have chosen to
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use those readers trained specifically in the assessment of radiographs
according to the IO U/C classification (Interraiional Lahour Office, 19757,
and known to show little intra-reader wariability. They did, howevef.

show some variability between themselves, which had heen apparent in

previouas studies and was seen in this work., All readers detectad small
shadows, both rounded and irregular, in a small preoportion of films, Almost
all were of a low category and there was no svidencs» of advanced pulmonary
fibrosis in the survey population., The small irregular opacities were
¢learly related to ace by all three readers, and two readers found them to be
relatad to cough and sputum, This, taken with the findinz of a reduced FEV,
in these men, sugnests tkat age and bronchitis are ;mpoftant factors in the

development of these opacities.

Small rounded cvacitiss were found to be related to age by two readers,
but one of these also found a relationship to dust exposure. Again, men with
small rounded opacities showed a reduction in their FEV, and FVC and V,eff,
The transfer factor was not significantly reduvced. This suggests that the
reduced ventilatory capacity was due brimlrily to obstructive (bronchial)
lesions, but with an zdditicnal restrictive corpenent (small airways or
alveoli).
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6. CONCLUSTICHNS AND RICCIMTNDATIONS

We have thus found the clearest evidence yet obtained that iphalation
of PVC dust is associated with respiratory dysfunction and radiographic
¢hanges, Ve have not found evidence of a serious progressive form of
pulmonary fibrosis, but we have shown that radiograrhic abnovmalities
occur in a proportion of exposed men and that they are amsociated with
measurable abnormalities of airway function. This suggests that the
effect ig a specific one on airways associated with structural changes.

We have also shown that the effect of PVC dust inhalation on lung function

+ o
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of ageing. While these results are not unduly alarming, they do indicate
that further measures to reduce individual dust exposure would be prudent,
Moreover, consideration should be given to monitoring the ventilatory
function and radiographs of those men in the highest exposure categories,
Clinical follow-up of these men with rahiograpﬁic abnormalities is
desirable in order %o determine whether the condition is progressive or
indeed if it resresses.
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Lurrently
enployed | Pensa:oners | Leavers | Total
¥ men
Group I: 10 years or sore in category A jobs 124 ‘5 6 145
2£ 15 11 n " n n B 1] -‘56 ;i 2 157
280 tYy 8 332
Group I¥I: Mot in group 1
5 years or more, but less than 10
yoars in catesory A jobs by 9 18 71
or 10 yeara or mure, but leas than 15
yeara in catezory B jobs oh 5 6 125
' 138 iy 24 196
Group 1II: Not in groups I cor II ;
1 year or more, but less than 5 yeara
in category A jobs 95 2 53 150
or 1 year or more, but less than 10 years
in category B jobs 187 £q 113 351
282 £3 166 501
Group I¥: Not in groupa I, II or III
1 or more yesre in category C jobas - 601 18 204 953
Group V: No time in A, B or € (= remainder) 200 €0 66 326
Totals (population) 1 1,50 379 468 12,308

TABLE 1

Sampling Frawe: groups of men by dust/job cétegory.

.L*f




Currently ]
employed | Pens:oners | Leavers | Total
* nen
Group I (all): Sample a 168 6 S
" b 112 -8 3
280 Iy 8 332
Group II (all): Sanple ¢ By o0 1
! " 4 54 & 10
!i 138 4 2 | 196
Group IIT (3% sampie): Semple ¢ 33 6 20
" 4 22 4 13 =
Reserves g were drawn from this group. "
55 “0 33 98
: Group IV (5% sample): Sample h 19 S 6
: " i 13 3 4
i 32 8 10 50
; Group V (33% sample): Sample j 27 8 9
| : "ok 19 5 6
|
Reserves 1 were drawn from this group.
by ((_:) L& 13 15 74
2 O
ot Total (10 samples, excluding reserve samples) 551 19 90 750

TABLE 2 Sampling from total population of 2,308 men.

——-—————+'—L




ucC

057648

L3,

-

¥eonn reSnirable

Humber of | Wumber of | . ~ )
Occupatioral Group Men per Men ”“?zigggi;“S:aFlzq
Shift Samnled PR (mr:/m:')na on
Autoclaves 13 0.46 = 0.18
Driers 6 7 2.59 Z1.56
Packers 9 1L 2,88 T 1.84
Recovery overator 1 1 0.65
Fork truck driver 2 2 0.89
Drier foreman 1 1 0.9%
Cleaner 21 1 1.19
Maintenance 9 3 0.84 Z 0,48
: —
TABLE 3 Dust concaentrations in occupational groups in Plant Ch.

Numoer of !Number of

¥ean Respirab.e
Dust Toncentration

l e b el e gt

- . " -
Occupational Group oonber |Yem . | T Stendard Deciation

: g (mr/m? )

Autoclaves 8 2 0.17

Driers 3 5 0.54 2 0.31

Packers 5 7 0.60 * 0,33

Fork truck driver 1 1 0.70

!a&n&nqnnac 10 3 r\'.;\a. : 3-4':.

TABLE &
and C3,

Duat concentrations in

occupational groups in Plant C2

Mean Resniranle

ey

Number of | Number of
Occupational Group |Men per |Men Dust Concentration
Shift Sawpled - Standard Deviation
* (mg/m*)
Autoclaves 19 o] -
Driers 6 4 0.50 = 0.28
Packers (including .
polymer recovery) 9 Vi 0.28 - C.12
For¥ truck driver 1 0.29
Foreman . 1 1 0.35
_TABLE S Dust concentrations in occupaticnal grouns_inlplant cs




L,
: Number of ; Number of ;ea: gesnlr:ble_ |
Qccupational Group Men ver len *uft.: ch:ngra\_::m:x '
Shift Sampled - Standar _'evxatz.cm ‘
(me/m® )
Premix team " b 1.4 % o.74
Mixing unit operators 9 17 1.86 2 1,27
Foroman 4 1 0.49
Fork truck driver 2 1 0.86
Cleaner 1 1 0.72
TABLE 6 Dust concentrations in occupational groups in Plant W1,

Hean Resvirable
cocupationsl Group | Hen per | ten - | D3t Soveentration
pied (me/e )
Premix team 6 4 1.04 = 0,48
Dry blend units 6 S 0.86 £ 0.34
Unit controller 2 2 Q.57
Ground floor team b 6 0.37 = 0.20
Fork truck driver 1 0 -
Cleaners 2 2 0.23
Supervisor 1 1 0.61
TABLE 7 Dust concentrations in occupational groups in Plant W2,

Number of | Number of | liean Respirable
Occupational Group Men per Men Dust Concentration
Shift Sampled (mg/m* )
Assembly b 1 0.13
Press cperator 2 1 0,38
Polishing 1 1 0,49
Fork truck driver 1 1 0.22
Trimmer 1 1 Q.14
Mill cutter 1 1 0.37
Premix operator 1 1 0,10

TABLE R

i 1 T R emr—————

Dust concentrations in occupational groups in Plant D.
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' o Resmirsole
Number of | Number of cfn
Cecupational Group l'sn per Men Qust Concentrngiop
Shift Sampled - Standard 9ev1at1on
(me/m” )
Tegters 6 3 0.34 2 0.1
[ -
TABLE 9 Dust concentrations in occupational groups in lrooratory
(Plant wt).
) l'ean Recpirabla
. Number of | kumber of Dust Concentrrtion
Occupational Group Man per ¥en Stand Deviati
Shift Sampled - Standard Deviation
(me/m? )
Chemists 3 0.19
Testers . 3 3 0.23 % 0.17
TABLE 10 Dust concentrations in occupational groups in leboratories

(Plants C2/C3, CS5/C8).

lHumber of | Number of @332? g:iﬁ:::giﬁiﬂn i
Occupstional Group |Men per \Men ~  |3'syandard Deviation
* P (me/m*)
Pitsers and
+
ingtrument technicians 12 3 0.52 = 0.3

TABLE 11

Dust concentrations in

central workshops.

the occupational group at the

Numb ¢ | Number of iean Resnirable
umber o umder ol | Duat Concentration
Occupational Group Men per Men * Standard Deviation
‘ Shirft Sampled (me/m)
Mixer operators 3 3 0,35 % 0.05
Packers 2 1 0.47

TARLE 12
{not PVC)

Dust concentrations in

occupational groups in Plant A
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ug,
Oceunational Group Mean Dust Concentration (mg/m®)
Ch packers 2.88
Ch driers 2.59
W1 mixing operators 1.86
W1 premix team 1.4
Ch cleaner 1.19
W2 premix team 1.04
Cl drier foreaman 0.94
Ch fork truck driver Q.94
W2 dry blend units 0.836
Ck maintenance 0.84
C2/C3 fork truck driver 0.70
W1 foreman, cleaner 0.49
Cb recovery -operator 0.6%
W2 supervisor 0.61 )
C2/03 packers 0.60
C2/C3 -driers = 0.54
Central workshops ' 0.52
Ch sutoclaves 0.46
C5/C6 driars 0.50
Plant A (non-FVC) packers 0.47
C5%/C6 packers 0.38
We giouwd Tloor (camd 0.37
Plant A mixer operators (non-PVC) 0.35
Semi-technical laboratory 0.34
Plant D (all groups) 0,27
W2 cleaner 0.28
CS/C6 fork truck driver 0.29
All C plants shift laboratory
(testers) 0.23
All C plants shift laboratory
(chemists) 0.19
C2/C3 autoclaves 0.23
TABLE 13 Cccupational groums in order of dust concentrations.
ucc
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47,
. ust Ccnsentration
Plant Location (/e )

Ch Driers 0.19
Packing 0.22

Packing 0.15

ca2/C3 Packing 0.15
Packing 0.11

Cs/C6 . Packing 0.13
Packing 0.16

W1 Premix Unit 0.29

. Mixer Unit 0.06

TARLE 14 Hean dust concentrations measured usiag static samplers

in selected areas in Plants C1 to 5 and W1,
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. Meas FEVy spve

L8,

Current Men | Fensioners | Laavers

Number 663 o8 57

Mean age (years) bh,2 63,4 43,2

Mean he.ght (cm) 173.0 170.2 171.2

Mean weirht (Kg) 77.?7 75.6 ?77.4
Mean durt index* 13.39 14,23 4.86
Years at the plant 14,34 16,63 5.46
Ho;n FEV, (litres) 3.54 2,43 3.53
Mean FVC (litres) 4,62 3.4 b,sb
0.76 0.70 0.78

TABLE 1S Features of 818 men studied, according %o currently
emnloyed, penaioner or other leaver status.

*Dust index is exvressed in years x mg/m', but does
not represent actuzl dust exposure, since only
current dust levels are known.
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Age Grouns (vrs)

< 35| 35-44 | 45249 | 5054 | 55259 | 60 + | Potal
Current men
Non-smokers L8 35 1 b 5 6 | 119
Cigarettas smokers| 59 38 54 55 Ly 12 312
‘Other' smokers 3 10 12 7 1 b k7
Ex-smokers 32 L2 2h 37 25 15 185
Tarold 142 e ehb! 12 e bl £z
Pensioners
L
Non-amokers (o] 0 0 (o] (o] 13 13
Cigarette smokers 1 0 2. 3 7 28 b
'Other! smokers 0 0 o] 1 0 ? 8
Ex-gmokers o] 1 0 3 S 27 36
Total 1 1 2 7 12 75 8
L;nverl
Non—smokers 2 6 5 2 o] 1 16
Ciguretts smokers S 9 L 2 L 1 25
'Other' smokers (o] 1 0 1 1 0 3
Ex-smokers S S 1 1 1 0 13
Total 12 21 10 ) [ 2 57

TABLE 16 Numbers of current men, rensioners and leavers by age
group and smoking category.

L A e - man =
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9N

Age groups {yras)

< 35 35-hb k5-49 50-54 55-59 60 + All
Non-smokers 50 (h-;o'?) b1 (6.7V) | 6 (B,19) ] 16 (12.3) 5 (15.!-5 20 (15.2) | W8 (8.02)
Cigarette smokers|{ 65 (5.23) | 97 (12.0) 60 (16.4) 60 (16.6) | 55 (18.4) | 41 (16.9) | 378 (13.7)
Other sm;)kers 3 (3.05) | 11 (14.7) 12 (1}.8)- | 9 (19.4) { 12 (19.°) { 11 (11.7) | 58 (15.0)
Ex-smokers 37 (6.63) | 48 (12.9) | 35 (14.5) 41 (.16.5) 31 (16.7) hz» (148.1) 1 234 (14.2)
A1l 155 (5.15) | 197 (11.3) | 123 (4h,.5) 126 (6.2} | 103 (17.7) | vk (16.5) | 818 (12.9)
TABLE 17  HNumbers of men and {mean dust indices) of 818 men grouped by age anc smoking category.

(Units of dust jindices are years x mp/a’).




) Non- Cigarstte Other ¥ .
All men smokera Smokers Smokers Ex--amokers 3 d.f. P value
to. of men 818 148 378 58 231

Chronic cough
{disregarding sputum) | 152 (18.6%) S (5.4%) [ 111 (29.3) | 16 (27.6%) 20 (8.9:) 57.27 | << O

Sputum .
{disregarding cough) | 134 (16.1%) 7?7 (b)) 1 BB (23.%%) {15 (25.%) 24 {10.2%)] 31.80]|<< 001

[P

: Chronic cough ) -
| and/or sputum 192 (23.5% { 10 (6.8:) | 13% (34.&)-] 18 (31.0K) 30 {12.13)] 53.46 | << .cOM o
TABLE 18 Number of men (prevalence} with chronic cough and/or sputum among: 818 men grouped by

smoking catepory.

* Significance of difference between smoking categcriés.
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Regression

Variables Unito Mean Coefficient t P
Age Years 6. b - 0.0350 - 15.31 < 0.001
Height cm 172.5 0.0424 11.04 < 0,001
‘Weight kg 7.4 - 0.,0022 - 0.99 N.S.
Dust index Years x .ﬁ/hﬁ 12.9 - 0.,0040 - 2,27 < 0.05
Lifetime cigarette]{ 1,000 packs 7.h2 - 0.0169 - 5.28 < 0.001
consumption
Constanta
{(Intercepts)
Constant for current men and
leevers {pon-smokers) - 1.8845
Constant for pensioners (non-smokers) - 2.1527
Effect on intercept of:
Cigarette smoking - 0.0757 - 1,16 N.S,
Other smoking - 0,0949 - 1.02 N.S.
Ex-smoking 0.0973 1.44 N.S.
TABLE 19 Hultiple regression of FEV, with age, height, weight, dust index and

lifetime cigaratte consumption,
cot=gories and pensioners,

Different intercepts allowed for smoking

es




Regression wilh dust index t value p
A1l smoking categories
- 0,c0h0 - 2,27 < 0.025
Cigarette amokers - 0,0069 - 2.82 < 0,005
' Other smokera - 0,6033 - 0,62 NS
+ .
i Ex-smokers - D006 ~ 0.53 NS
! .
Hon-smokers 0,0625 0. 48 NS a
TABLE 20 Further expansion of the meodel for regreasion of FEV, shown in Tasble 19,
: Different slopan for the regression with dust index have buaen allowed in

] the model, which atill incluces sge, height, weight end 1i ‘etime
. : cigarette consunption, wund different iniercepts for pensioners and
emcking categories.

869250
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Yariahles Regression Coefficient

Age 0.0324
Height - cm 0.0634
veight kg 0.0089
Dust index (current men) | yesrs x mg/um’® 0.0047
Dust index (pensioners) " " 0.0011
Dust index (leavers) " " 0.0085

lifetime cigarette 1,000 packs 0.0136
consumption

Constants (Intercepts)

Constant for current men (non-smokers) -4.0818
Constant for pensioners (non-snokers) 4.5541

Constant for leavers {ncn-smokers) 4.2108

Effect on intercept of:
Cigarette smoking a.0017 - 0.02
Other smoking 0.0176 0.18
Ex-simcking 0.1036 1.43

'4BLE 21 Multiple regression »f FVC allowing for different interceptsa ani slopes for
employment categories,
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bl Regression
]

Variables Units tean Coefficient ¢ P
Age Years 46.4 - 0,0032 - 7.€8 < 0.001
Height . cn 172.5 - 06,0022 - 3.C7 < 0.01
Veirht . kg 77.h 0.0N19 4,62 < 0.001
Dust index Years x -s/n’ 12.9 - 0.0003 - 0,83 N.S.
Lifetime cigarette | 1,000 packs 7.42 - 00,0017 - 2.83 < 0.01
consumprtion o

Counstants

(Intercepts)
Constant for current men and
leavers {non-smokers) 0.1323
Constent for pensioners (non-smokers) 0.1220
Effect on intercept of:
Cigarette smoking - 0.0121 - 1.00 N.5,
Othar smoking - 0.0279 - 1.61 N.S,
Ex-smoking - 0.0001 - 0.,0) N.S.
Chronic cough or sputum - 0.0607 - 6.03 < 0.001
Recent exacerbation of cough and
phlegm . - 0.0030 - 0.2) . NS,
Recent chest illness - 0,0169 - 1.83 < 0.1

TARLE 22 Regression of 105;{-.%‘}

withh explanatory and associated variables.
*
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) Regression
Variablea Units Mean Cosfficient t P
Age Yeara L6 b - 0.,2146 - 8.00 < 0.001
Keight - co 172.5 0.0831 184 < 0.1
Weight kg 77.4 0.1485 5.75 < 0,001
Dust index Years x mg/n® 12.9 0.0121 0.1 N.S,
Lifetime cigarette | 1,000 packs 742 - 0.0717 - 2421 < 0,05
consumntion
Constants
{Intercepts)
Constant for current men and leavers
{ron-smokers) 15.4156 2
Constant for vensioners {non-smckers) 12,5996 )
Effect on intercept of:
Ciparette amoking - 3.7445 - by < 0.001
Other smoking - 2.9082 -2.58 < 0,01
Fx-smoking - 1.1565 - 1186 N.S.
TABIE 23 Regression for Tlt(§ml/min. nm Hg) allowing different intercerts for employment

and smoking categories.
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Small rounded opsacities Small irregular opacici.” I-BOth rounded m.qd.
Beader . jrrezular cracities
Catepory 0/1 or more | Category 1/0 or mors | Category 0/1 or more | Caterrory 1,0 ar amcre | Catepory 0/1 or more
03 18 (2.208) 2 (9,:42) 32 (2.97%) 7 (0.8€%) & (0.49.)
15 L (0.4%) 2 (0.2l¢) 55 (6.48%) b6 (5.€2¢) 0 (0.00%)
17?7 50 (6.11%) 10 (1.22%) 29 (3.5%) 8 (0.c8) 4 {0.bg¥)
TARLE 2h Prevalences of categories of zmall opacitiea found by three readers in 818 chest radiographs.
(Radiographs in which both rounded and irregular opacities were found are also represented here
in the rounded and irregular categories.)
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Reader 15 Resder 17 Reader 17

Ahscont | Presant | Total Abeent 'Ertsent Totlal Absent IPrcsent lTotal

]
J fender | FoYent 796 & 8co Resder | Aboent 759 41 800 Rouder | AP3e 766 48 81k
b o3 Frasent 18 1) 18 14 Present 9 | 9 18 15 Present 2 2 Y
] Tetal 8 b 818 Total 768 50 88 Total 768 50 818
s —_—
i TLRLE 25 Agreement between readers for preserce of small rourded opscities categ:ry O/1 cr rore.
"
[ .
1 Resder 15 Reader 17 FEeader 17 -
) oo
| Abhsent | Present § Total Abseat | Freeent | Total Absent | Preseat | Total t
" . 83 cS
| Benzer | AuBOTt 748 38 786 Resder | Ab3ent 763 23 786 Riuder Ataent 245 20 7¢s

03 Present 17 15 32 03 Pressnt 26 6 32 B Present L 9 53
! Total 765 53 418 Totnl 729 23 813 Tctzl 789 29 £18
i - -

Agreement between readers for presence of szall jrregulur opacitiea categzory o/ or more.

TABLE 26




DYST INDEX RANGEE (yeara x ow/n)

0.0 - 1.5] 1.5 - 4.5 i b5 - 7.5 12,4 - 18.0 1.0 - 0.0

% vith /1] 0.00 1.45 2.94 5,00 2.56
{nuzber) {0) (1) {2) . {1)
Total . 69 - 6% 41

% with O/ 1 0.00
{numter)
Totd 18

% with O/1+
{rusber)
Total

¢ with 0/
(number)
Total 1k

% 2ith O/ 0.5
{puntrer) i ()

Totsl 13 " 28 18

% with 0/ 1+ 0.0 4,27 5.30 .51 7.1%
{nuther) L0) {5) (7} {(12) {L) (o)
Total 107 - 117 132 ELT 14 126 &0

-

TABLE 27 Readue 17: prevalence of snall rounded oracities catagory ¢/1 or mcre by sge and dust index
rangut.
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Small rounded opacities Small irregular opacities Bfth,founf?d.a?dQ
Reader irrcentar ~-acit:es
1
Caterory O/1 or more | Caterory 1/0 or mcre | Category 0/1 or more | Caterary 1/0 or more | Caterory /1 or -ore
LY

03 6 (3.3%) 2 (1.%) 11 (6.12) b (2.2) 2 (.13

15 2 (1.%) 1 (c.&8) 10 (5.53) 8 (b, k) 1 {0.€3)

17 9 (5.08) 2 (1.1%) 5 (2,82) 3 (1.7 o (0.0

TARL: 28 Prevalence of categories of small opazities found by 3 readers in chest radiographs of 181 men not

included in the analysis.
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' ." ) APPENDTY 1
- .
PVC dnst concentrations sllotted to otcupations on the basis of measured
, dust concentrations for 130 men.
Plant Occupation Concentration |
c1/k, c1, Cb Laboratory 0.21
c2/3, ¢2, C3 " "
cs/6, ¢5, C6 " "
C1/4, €1, Cb Work Study/Quality Contrel "
c2/3, c2, C3 " "
¢s/6, <5, Cé _ " "
c2/3, c2, C3 Taster "
¢ unspecified " "
rC‘I/"#. ¢1, Ck " "
cs/6, ¢S, C6, € Instrument Technician "
C unsrecified Process - Work Study/Quality Comtrol 1,41
c1/4, C1, Ch General . 0.98
L C1/L, C1, Cb Process - Mixing "
Ca/h, €1, Ch Process - Milling "
) ca/4, c1, Cb Investigzation "
. : c1/6, C4, Cb Estimator "
: ct/4, C1, Ch Foreman ’ 0.54
r01/ﬁ. €1, Ch Superintendent "
c1/4, C1, Ch Chiargeband ) "
c1/b, €1, Ch Fork Lift, Driver, Distribution 0.%
Cc1/&, €1, Cb Maintenance/Engineers 0.84
L unapecified Tomionee, Iuveslixailon Ce82
c2/3, cz, C3 Fork Lift, Driver, Loader 0.70
C unspecified Fork Lift, Driver, Distribution 0.69
c2/3, C2, C3 . | Process - Packing 0.60
c2/3, c2, C3 Foreman 0.58
c2/3, €2, C3 Superintendent 0.58
c2/3, ¢c2, C3 Chargehand . 0.58
c2/3, c2, C3 Genersal 0.58
c2/3, c2, C3 Process - Waghing 0.58
c2/3, c2, C3 Process - Drying 0.54
C unsvecified Foreman 0.51
C4/k, C1, Ch Process - Autoclaving 0.50
C1/4, C1, Ch Process - Recovery 0.50
C1/6, 21, cb Process - Reaction 0.50
[
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82.
Plant Ogzcunation Concentration
All Plants All Yorkers 0.24
All Plants (PVC) " "
Distridbution " "
Research " "
Yard " "
Stores " "
Construction " "
Seuth Support Group " "
Alkathene Process - Packer, Bagger .47
Alkathene Process - Mixer, Gardner Operator 0.35
Alkathene Engineer, Inapector, Investigation, 0.38
Distribution
Alkathene Process - Milling, Machine Operator 0.28
Alkathene Process - Filming, Tubing, Extrusion, 0.38
Pigments
Alkathenas Process - Filtering, Steeping 0.38
: : Charcoal
Alkathene Process - Lead Weighing, “Washing 0.35
Alkathene General, Hork Study, Management/ .24
Cffice
Alkathene Fork Lift, Foreman, Chargehand, 0.24
" Supervisor
w1/2, W Process - Washing, Lead Weighing, 0.59
Vtheyy
w1/2, W Proceas - General, Relief Ovnerator, 0.59
Press
W/2 Tester, Investigation, Work Study/ 0.59
Quality Control
L Investigation, Storekeever, 0.59
Superintendent
Fluoh All 0.0
Nylon " "
Tervliene " "
Fluon Lab " "
Squireszate " "
Welvie 3 " "
PES " "
Folvthene " "
UCC
057684




Plant Oceupation Concentration

Ferspex All 0.0

LPT 1 "

cL? " n

FI (1) n "

B2 " n

Office Staff " "

{(outwith nlants or

at 0.0 nlants).

Restaurant " n

Training " "
uce
057685




