PB86-226958

Respiratory Effects of
Portland Cement Dust

(U.S.) National Inst, for Occupational
Safety and Health, Morgantown, Wv

1985



[ A ST s P

1% 3u00Mmamtary Noton

18277 -+
REPORT DOCUMENTATION |3 ACPORT MO Y 7 —
‘ PAGE | | PBUG- 220958
2 & THie and Subtitie S Repart Doty
& 08 700/00
= Respiratory Effects Of Portland Cement Dust ry
: 2. Autrow & Purterming Crganisation Repy Me.
Abrene. H L.. W T Sardevsen ard M R Fatersen
9, Parterving Organization Narm sng Agsress 18 Presct/Tosh Unkt No
Divicton of Ressiratery Digzase Studies, N1OSW, W S Dapartmmat of 11, Comtrect(C) or QramlG) MNa,
Health and Human Seryirgs, Morganisun. Uest Virgin.g ©
,’;__7 lﬁ
i 1L Spomsering Organlsatien Nema rnd Aggreosy 13 Troe of ® a P c
x Same as box 9. ™
1‘?

RPN

16 Abstrect (Limie 200 worel)

iy s !

N

An epidemiolagic study of the respitatory effects of Portland coement dusgt
was conducted. The cohort consisted of &,736 cement worhers at 16 facilities in
the United States The comparigons consisted of 2,213 individuale in activities
not invelving dust exposure, Spirometry testing was performec. Respiratory
Symptom queéstTicnnalres were administered. Chest X-rays were taken and evarmined.
Personal sampling for total and resptiriable dust, Quartz (14840R607), and arvides
of sulfur and nitroger was perfarmed. GQuiartz was detected in 14. 4 percent of
1,011 respireble dust samples. The median concentration in samples having
detectable quart:z was 0 079 milligram per cubic meter, Sulfur-dioxide (T44609S;
concentrat:ons ranged from (.02 10 0. 62 part per million (ppms) ang
nitrogen-dioxide (10102440) concentrations from 0 06 to O 44ppm. Cement workers
had & significantly elevatad adjvsted odds ratio for dyspnea. rounded and
irregular small X-ray opazcities, and pleural ebnourmalilies None of (he
ventilatory functrion variables were significantly different tetween cement
workers and the comparisons. The authors conclude that ccment dust exerts
little adverse effect on respiratory symptoms and ventilatory function. To
déeterming whether the 1nirease In X-ray adbnormalities Tepresents pNeUBOCONios}S
or another pathological procesf would require histological study. There is
insufficient evidence to suggest a change in the exposure limit for cement dust
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Respiratory Effects of Portland Cement Dust
INTRODUZTIOK

The potential for respiratory disease among poriland cement plant workers

has been investigated in various countries. The first extensive study,

conducted in 1928 in the United States(l)[ was primarily concerned with the
incidence of respiratory illness. Although the authors inferred from the
radiographs of 53 workers that the inhalation of sement plant dust produced an
asymptomatic pneumoconiosis, the prevalence and implications of this finding
were not investigated. Subsequently, Gardner et. al.(Z) and Sander(3>
conducted radiographit surveys which demonstrated parenchymal opacities on the
chest films of cement plant workers. Since these ané most cther radiographic

4— (12
(4-11) did not use the ILO systemk ) for

surveys of cemeant plant workers
classifying pneumoconicsis on chest radiographs, a modern interpretation of

their results is difficult. Only two radiographic studies have baen done
using the ILC system. Scansetti et. al.(la). considering 8 profusion of
category 1/0 or greater as indicative of pneumoconiosis, found a prevalence of
round=d small opacities of 1B8% and irregular small cpaclties of 32% in a
survey of 100 Italisn cement plant workers. There was no control group, and
dust measurements were not made. Maestrelli et. al.(lh) found irregular

small opacities of preofusion 0/1 to 1/1 in 14 of 195 exposed Italian cement

rlant workers but in none of £6 unexposed workers in the same plants.

Most studies of ventilatory function in cement plant workers havz lacked

e it Bhiidoion e Lt
ccuiaiiaboli i i v



[T )

Y I

-

JURITTT e

A1

Lty
w
=
-
=
-

Wﬂm"”—_ R A s ks R

iy
3

(lé, 15 . .
control groups = , or have faziled to account for the effects of smoking

(l€) (5, 7}
on the respiratory svstem , @ both .  However, there have been

several notewcrthy exceptions., El-Sewefy et. al.(l7) studied ventilatory
function in an Egyptian portland ce=rent factory and found that for non-smokers
there was no difference in the: mean FEV,/FV( ratio when workers in clean

and dusty jobs were compared. For the smokers, the mean ratio was
significantly lower for 30-49 year old workers in dusty jobs, although not for

L38) found no difference in spirometric

other age groups. Rasmussen et. al
measurements when comparing Danish cement plant workers to other blue-collar
workers with similar smoking habitz. Their study was desizned to account for

lifetime cccupational experience and included former as well as current cement

workers. On the other hand, Kalacic(19)

found that the FEV,/FVC ratio for
both non-smwoking and smoking Yugoslavian cement plart workers was lower than
for corresponding controls, and reported that the cement plant workers had

more chronic bronchitis with obstructioncg).

Because the previous evidence for an association betﬁeen cement plant dust
and either pneumcoceniosis or ventilatory impairment was inconclusive, The
Msticnal Institute for Occupational Safety and Health (NIOSH) conducted a
controlled cross-sectional study using respiratory symptoms, ventilatory
funciion, and chest radiography to investigate the effect of cement plant dust

on the respiratory system of workers in the United States.
METHONS

Study population: At the inception of the study (1977), the industrey
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consisted 07 153 plants employing approximately 27,00C workers . Twe
plant chavacre-istics were felt 2 priori tc be important variables affecting
exposure: age (defined as the gdate of installation of the cldest operating
kiln) and the state of the raw materials entering the kiln (wei, dry, or
dual), hereafter referred tc as the “ype of przcess. Therefore, plants were
assigned t5 nine cells according to three age stratz and the three procexzcs
types. The distribution of plants and workers in the industry by plant age
and current process type is shown in Table 1. Nigg;gsn plants were initially
excluded from the study fur various reasons: 5 werc closed, 6 had operated
too briefiy to producz chronic effects, and 8 were deemed unsuitable because
of labor-manasgement conflict, lack of cooperation by management, leocation
outside the continental United States, or having more than 500 or fewer than
100 employees. From the remaining 134 plants, 2 stratified random sample was
selected, keeping the number in each cell of the sample roughly pruportional
to its size in the entire industry. (The intent was to exclude the dual
process, but one such plant was inadvertently included in the sample. By
coincidence, however, the resulting sample was still proportional in size to
the entire industiy.) Further exclusion of 15 plants occurred after random
selection: 7 because of plant closure, 7 due to lack of cooperation by

management, and 1 as 8 result of labor-management conflict.

Bixteen plants located throughiout the country comprised the study sampie
(Figure 1), and all but one conta’ned quarries. All hourly and salaried
workers were invited to particiﬁate exuept.at crie plant where, for
convenience, only hourly producticn snd maintenance workers were studied. The

distribution of workers studied (Table 2) was similar to the industry as a
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whole with respect tc =lant age and the current tvpe of raw milling process.

gontrols: At contrel plants, production workers from either the entire
plant or relected departments with at least 50 employes=s were invited for
testing: office workers were omitted. Control group A, for symptoms and
pulmonary funccion, consisted of workers in 10 plants in various non-cerent
industries (%able 3). Since we wished to minimize bius due to self-selection,
chest radiography was omitted in this group because of the possibility that it
would discourage veluntary participation. The wsjority of this group worked
in machine shop and assembly operations in machinery manufacturing plants.
The remainder were employed in the bottling and distribution of soft drinks,
in the msnufacture of electrical and electronic equipment, and in a dairy. wse
selected plants which had work environments that were generally free fron
substantial recpiratory hazards. However, it was not our intention that this
control group work in 8 pristine environment since sbout one-half of the
cement workers performed maintenance or laberatery jobs which exposed them to
a "background” of inhaled non-cement substances such as solvent vBPOTS. Since
our primary aim was to study ihe effect of cement plant dust per se, we those
Group A to have similsr "background™ exposures. This was ascertained by
carefully detailed industrial hygiene inspection of the control plants. We
excluded incdividuals whose respiratory exposures were likely to have exceeded
the cement plant background level (e.g. full-time welders, grinders, and sgpray
rainters). These exclusions were made by inspaction of the control plants and
review of material safety data sheets, 1In addition, selected measurements
were made of the concentrations of various contaminants such as respirable and

total dust, volatile hydrocarbons, ammonia, and nitrogen dioxide. Based on
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these measurements, & individuals were ex:zluded after tesiing was completed,
but without knowledge of thelr symptoms or spirometry resuits. Twelve other

individual: were excluded because of previous work in cement flants (Teble 4).

Corntrol group B, for chest radiography, was a sample of unexposed
blue-ccllar workers in North Carclina. The selection of this group has been
. (21, 22) . . . .
described elsewhere . Briefly, the selection criteris were that the

industry war quite clean, the work area and job were free from known lung

.,

irritants as determined by inspection, respirzble dust did not exceed 1.25

3 {23
ng/m  {(one-fourth of the threshold limit value for nuisance dust) ). and

individual subjects had histories of fewer than 5 years of previous work in

jobs with potential for substantial exposure to dust, gases, or fumes.

Testinpg proecotol: Questionnairesr and spirograms were obtained at the
cement plants and the group A control plants between July 1975 and February
1982, Spirometry was conducted during the worker's shift. Chest radiographls
were taken concurrently at the cement plants and between January 1979 and

February 1980 at the group B wontrol plants.

Informed voluntary consent was ovbtained from each subject. Standing

{22)

height and weight were measured, A NIOSH modification of the Fedical

Research Councll of Great Britain's questionnaire on respiratory
symptoms(z‘) was adminigtered by trained interviewecrs, and data were also
obtained on demographic characteristics, occupational nistory, and smoking

habits. A translation of the questinnnaire was used for Spanish speaking

subjects who were not fluent in English. Subjects were classified =



"non-smokere’ if they had never smoked, "ex-smokers"” if they had guit smoking
cigarettes before their previous birthday, “"smokers"” if they had smoked
cigarettes since their last birthday, and "pipe/cigar" users 1f they currently
or formerly had one of these habits and had never smoked cigarettes; those who
swoked pipes or cigars and also cigarettes were classified by the cigarette
category. Analysis wa:z performed on the following symptoms and syndromes:
chronic cough, chronic phlegm, chronic bronchitis with exacerbations, chronic
bronchitis with cobstruction, dyspnea, wheezing, and asthma. Definitions were
made compatible with those used by Kalacic(g) and are shown in Table 5.
Spirometry was performed according to standard proceduresCZS) with
trained technicians and consisted of at least 5 forced expirations into a
waterless rolling sealed spirometer (Ohic Model 840) generating flow-volume
signals that were electronically recorded, At least three acceptable curves
from each rubject were required for anslysis. Curves not meeting Americen
Thoracic Society standards(zs) were rejected. Measurements were converted
to body temperature and pressure, saturated (BTPS). The forced vital capacity
(FVC), forced expiratory volume in one second (FEV,), and pezk expiratery
flow (PF) were taken as the maximum measurement of each parameter(ZS).

Tracings were aligned at maximal inspiration and & composite curve constructed

26
from the highest flow 8t each lung volume( ). from which the forced

expiratory flows after exhalation of 50% and 75% of the vital capacity

(FEFs, and FEF,, respectively) were taken.

Standard postero-anterior chest radiographs were interpreted independently

7
according to the 1971 ILO U/C system(z ) by 3 readers who had passed a NIOSH

(28)

proficiency examinaticn Radicgraphs were c¢lassified for the profusion
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of rounded small opacities, profusion of irregular smel. cpacities, presence
of large opacitiec, and presence of pleural abnormzlities {thickening,
calcification, or piagques), according to the mediar reading for each type of
abnormality. In cases where only two readers judged the filr acceptable for
interpretation, the consensus reading was used if there was agreement as to
major ILO category, and the film was not classified if there was

disapgreement. Radiographs whose quality was judged unaccepiable by two or
more readers also were not classified. Pleural abpprpalities were classified
only if there was 2 consensus as to the site. Small opacities were considered

prasent if the median profusion was at least 1/0.

Estimation of exposure: The cement-msking process generates dust from

quarrying and preparing raw materials; from calcining and grinding clinker;
and from blending, packing., and shipping the finished product. Other inhaled
contaminants econsist of additives (mainly gypsum), products of the combustion
of fuel (coal, oil, or natural gas), and exposures encountered in the
maintenance of plant and eguipment. Inquiry of federal, state, and industry
sources revealed that there were no datea from which previous envirommental
exposures could reasonably be estimated. (Samples taken by the Hine Safety
snd Health Administration (MSHA) for the purpose of monitoring compliance with
legal exposure limits tend to represent the high risk jobs rather than the
dust concentrations foir a brosd range of jobs.) For estimating current
exposure, sampling was done within two weeks of the medical surveys in all

except two plants vhere it wes done 1l months earlier.

Measurements were made of respirable dust, total airborme dust, respirahle
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crystalline silica, asbestos, and irritant gases. For respirable dust, 3
full-shift personal breathing-zone air sample was drawn through a 10 mm nylon
cyclone end polyvinyl chloride filter at 1.7 Lpm. The cyclone separated the
“rnonrespirable” fraction of incoming dust from a "respirable” fraction
approximating the quantity and particle size distributicn of the dust
deposited in the alveolar region nf the lungczg). Samples were weighed to
the neerest 0.0l mg. The apparatus without the cyclone was used to collect

total airborne dust at the same flow rate. In most cares the respirable and

total dust samples were collected independently on different workers,

Fur respirable silica, the personal respirable dust filters were analyzed

. . . . 30
by x-ray diffraction to measure the content of quartz and crlstobal1te( ’.
The lower limit of quentitation of this technique was 0.03 mg. The siliea

content of bulk materials was also determined.

For asbestos, area samples were collected for 20 to 30 minutes on
open-faced cellulose filters at & flow rate of 1.7 Lpm. The filters were

inspected by phase contrast microscopy for the presence of fibers longer than

5 ym and having an aspect ratio of at least 3:1(31). Sirnce very small

fibers may be missed by this method, a random 25% sample of the filters wa:

(32)

also inspected by transmission electron microscopy . Bulk material

ramples from all plant areas were examined for asbusios by pelarized light and-
33
dispersion staining microscopy( ). and 15 selanted samples were analyzed by

scanning and transnissicn electron microscopy, x-ray diffraction, and X-ray

fluorescence,
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For oxides of sulfur, ¢irect reading instruments were used for preliminary
identification of sites of potential exposure. Full-shift area samplec for
sulfate and sulfite particulates and sulfur dioxide (SC,) gas were then
cocllected and measured by ion chromatography(sk). The lower limits of
guantitaiion were 0,005 mg for sulfates, 0.01 mg for sulfites, and 0.0l ppm

for SO, .

For nitrogen dioxide (N0,), passive dosimeters—were used to determine

both persvnal end area full-shift time-weighted average exposures(as).

Jobs were classified according io the duties performed and the plant area
with which they were most closely associated. The plant areas were designated
"raw", "elinker", "finished"”, and "mixed", reflecting qualitative differences
in the types of dust generated by the cement making process. The raw ares
consisted cof the quarry, primary crusher, raw mills, and raw material
handling. Tae clinker 2res included the discharge end of the kiln and the
clinker cooler. The finished sres comprased the finished-cement mills,
blending, packing, and siorage. The mixed area included the yard, laboratery,
offices, and plantwide maintenance and supervision. When the raw and finished

mills were located in the same ares, they were counted in the mixed ares,

To determine the optimun strategy for sampling, a pilot environmental
survey was conducted at 5 plants. Workers from various jobs, shifts. and
plant areas were randomly selected and sampled for respirable and total dust
on two consecutive dayes over a 4 day pericd. Anslysis of components of

variance demonstrated that there was a fairly large varistion in respirable
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dugi concentration from jot %o jot and day to day, but that inter-subiect
vaeriation alone wac emall. Thus, fco the full stwdy, as many randomly chosen
jobs as pnssible were sampled Within jobs, individuals were selected for
sampling on the basis of availadllity. Sawpling was conducted over three days

on the first (day) shift and over one day on the second and third shifts.

The distribution of the samples with respect {0 dust concentration was
sloser to & log~normal Lhan to a norma' distribution, with skewness to the
right (FPigures 2 and 3). Tris apseared to be true for each job within each
plant, as well as for all sac»les. When more than one sample per job was
obtained, the geometric mean was used to determine the dust level for
job-within-plant. 1In s»ome cases only one sample per job was taken. For each
plant, all individuals in 2 job, whether sampled or not, were assigned the
determined dust concentration as their current exposure. The distributions of

these dust concentrations are shown in Figures 4 and 5.

Szawple Size: Sample size was based on the hypothesis of an equal

prevalence of chronic bronchitis with obstruction in cement workers and a
comparison group using a two-tailed {_st. As a conservative estimate, a
prevalence of 20% was used, based on the prevalence 11.2% observed by
Kalacic(g) in Yugeslavian cement workers. At the 5 per cent level of
significance, the power of the test was set at 95 per cent to detect &
hypothetical difference in prevalence between the groups of 5%. The minimum

sarple size wes determined to be 2328 for the combined sampie of the cemert

workers and the comperison group.
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Data snalvsis: For ventilatory functiion, linezr models anzlysis wac used,
with adjustment for sex, race, age, height, smoking =tatus, and pack-years of
cigarettes. The model was:

Y = b, + sex + race + b;(age} + by(height) + smoking status +

pack-years*smoking status + wge*smcking status + plant + exposure,
where y is a ventilatory function measurement, and * denotes an interaction
term. "Plant" was included in the model to adjust for possible inter-plant
differences in outcome resulting from unidentifieg c¢cgnfounding factors, such
as population differences or unmeasured exposures. fhis adjustrent does not
obscure or remove effects due to the meaured exposure variables, nameliy job
tenure and current dust concentration. Tests of sipnificance were made with
the F test. For corcparisons with controls, plant was nested within group and

formed the denominator of the F test. Tor analyses involving only cement

workers, plant was simply treated as & confounder,

For symptoms, logistic snalysis was used. This was similar to the linear
models analysis; however the dependent variable wacs in[P/(1-P)], where P isg
a symptom prevalence. Adjustment was made for sex, asge, smoking status, and

pack-years of cigarettes, but not for race. The model was:
En{P/{1-P)] = b, + b,(ege) + sex + smoking status +
pack-years*swoking status + age*smoking status + exposure.
Plant was excluded from the model becsuse some plants had zerc prevalences for
some symptoms, which would have prevented estimation and testing. Outcomes

were expre=ssed as adjusted odds ratios ond tested for significance by the

likelihood ratio chi-square test.
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For radiographic abnormalities, the model and method of analysis were the
same as for symptoms, excep: that adjustment for sex was omitted batause no
radiographic abnormalities occurred among the women, and sex was not expected
to be related to radiographic abnormalities. Also, pipe/cigar smokers had no
abnormalities, and they were excluded from this analysis so that estimation

and testing could be performed.

Three types of comparisons were made, The first compared cement workers
with controls by substituting the respective group for “exposure” in the
models. The second compared cement workers for the effects of plant area,
using the plant area in whieh each cement worker had served the majority of
his cement plant tenure, as determined from the occupationsl history, as the
exposure variable. If nc single area accounted for a majority, the worker was
placed in the "mixed" category. Because 4ur interest was mainly in the
effects of chronic exposure, this analysis was done only for cement workers
with a8t least B years of tenure . For the third type of compariseon, an
exposure-response surface was fitted for cement workers uéins current
respirable or total dust level, job tenure, and the interaction (i.e. product)
of dust level and tenure. Tenur~ was partitioned into current cement job and
previous cement jobs because the current dust levels probably had less
validity for jobs performed in the past. In the exposure-response analysis,
the term for exposure in each model was replaced by:

baD + b, (CIT) + bg(PJT) + b (U*CJIT) + b,(D*PJT),
where D = current respirable dust (RD) or total dust (TD) concentration ( /ma),
CJT snd PJT = tenure {months) in current and previous cement jobs

res’ ectively, and D*CJT and D*PJT are the interactions of current dust
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concentration with cur-ent and previocus job tenure respveciively. 7The tests were
accomplished by comparing models with and without the exvosure terms. The first
step was to test the five terms in combination. If this was not significant,
further testing was not performed; if significant, the interastions and then the
main exposure terms were tested in various combinaticns ané non-significant terms

were eliminated. The final model contained only significant terms and those

required to make the model hierarchical.
=

Additional analyses were performed for silica exposure in relation to rounded
small opacities and to ventilatory function. Three methods were used to define
silicas exposure. The first method divided subjeets into those currently working
in "high silica" versus "low silica” jobs. High silica jobs were those in which
at least 10% of the respirable dust samples showed detecteble silica, Low silica
jobs had less than 10% sh 'wing detectable silica but also had at least 10 samples
takets. The rest of the jobs were not included. The second method used the
current concentraticn of respirable silica, and only included subjeets currently
working in jobs with detectable silica. The third method divided all subjects
according to total tenure in the raw and mixed plant areas. The tenure groups

were 0-60 months, €1-120 months, 121-180 months, and more than 180 months.

An estimste of statistical power was made for the comparisons of cement
workers snd controls with respect to FEV,, chronic phlegm, and chronie
bronchitis with obstruction. This was done by subtracting the estimated group
difference, which was found when the analysis was performed, from each cement
worker's predicted valuz (based on the fitted model), and then adding the

difference of interest to this result. ERandom normal numbers with the
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appropriate variance were generated using RANNOR and the Statistical Analysis

System(36"

, added to the above sur.,, and the test was rerun 20 times using
this final sum as the derendient variatble. The power estimate was the
proportion of runs for which the tes: was statistically significant. This

procedure takes into account any interrelationships among the independent

variables.

In all cases, differences were considered significant when the p values

were less than or equal to C.05.

SULTS

m

Current Dust Exposure: One thousand eleven personal respirable dust
samples and 211 personal total dust samples were collected. Dust data are
sumnarized in Table 6. For thase and other contaminants, the proportion of
samples exceeding the existing and recommended exposure limits are shown in
the various tables. Analysis of variance (based on *the lﬁsarithms of the dust
measurements, due to the skewness 0f their distribution) showed that
individual meapurementr were significanily influenced by job, shift, and plant
for respirable Just, and by job slone for total dust (Table 7). Plant age,
type of raw milling process, and ths interaction of ege and process type dia
not influence the concentration of either type of dust. The respirable dust
analysis pr¢dably has more power than that for total dust because it is based

on more samples.

Quartz was delected in 14,4% of the personal reespirable dust samples whicsh
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were anzlyzel for crystelline silics. Tne median concentration in samples
having detectable quartz was 0.079¢ mg/m3 (Table 8). Respirable quartc was
found most frequently and in the highest concentrations ir samples from the
raw area, fcllowed by the mixed, clinker, and finished areas. Analysis of
bulk materisls for quartz gave the same ranking of plani areas. The
rroportion of samples with detectsble quartz varied significantly freow plant
to plant (p<0.01), probably due to differences in raw materials. No

cristobalite was found in the personal or the bulk _samples.

Other Contaminants: In 195 area samples of airborme dust and 292 bulk
material samples, no asbestos or other mineral fibers were found. Data on
oxides of sulfur and NO, are given in Table 9. Within samples, the levels
of sulfates, sulfites, and SO, were not correlated. Compared to existing

and recommended exposure limits, levels of SO0, and KG, were low.

Population sharacteripgtice: Threce thousand one hundred fifty-one cement
workers were invited to take part in the study and 86.9% participated
{Table 4), Participation retes were 73.3% for contrel group A and 55.2% for
control giroup B, the latter possibly reflecting low incentive for havirg a
chest radiographic exam, together with concern about the health a2ffects of
radiation. A follow-up questionnaire on the gproup B non-participants,

described previously(ZI'ZZ). pugzested that overall bias caused by

non-participation was small., Two cement workers were excluded from snalysis
because of missing questionnaire data. Twenty-one group A and 257 group B
controls werez excluded because of substantial exposur: to respiratory hazards

or previous work in cement plants. The cohort for enalysis consisted of 2736
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cement workers, 755 group A contreols, and 1458 group B controls. Spirograms
ané chest radiographe were excluded from analysis if they did not meat the
critaria previocusly described (see Methods). Alsc, some individuals declined

to have radiographs taken. Table & shows the number of tests available for

analysis,

The Semographic characteristics of the cement workers and controls are
shown in Table 10. The control groups were younger and shorter than the

cement workers and had a higher proportion of women (possibly explaining why

they were shorter).

Table 11 shows the smoking habits of the cohoert. The cement workers had
proportionally more ex-smokers, tewer non-smokers, and about the same
propottion of smokers as the controls. Average cigarette consumption (in

pack-yesrs) was higher among the cement workers.

The inter-plant variation of chronic bronchitis prevalence and of FEV,
arong the group A control plants was tested with the logistic and linear
models after sdjusting for confounding variables. There was no siznificant
inter-plant varistion, demonstrating that with respect to these

characteristics the group A plants can be regarded as samples from a single

population,

Cenent workers vs. cnantrels: The crude prevalences and adjusted odds
ratios of selected synptoms and syndromes in cement workers and group A

controls are shown in Table 12. Cement workers had &8 significantly elevated



gdjusted 06ds ratic for dyspnea (p<0.05). Thiz wa:s uniltered by adding the
interaczion of smoking status and exposure, indicating an equivalent effec: in
all smoking categories. No significant differencecs were found in the
prevalence of chronic cough, chronic phlegn, chronic bronchitis with

exacerbations, chranic bronchitis with obstructior., wheezing, or asthma.

The crude prevalences and sdjusted odds ratios of radiographic
abnormalities in cement workers and group B contrelds 8re shown in Table 13,
For comparison, the cemant workers were restricted toc subjects with no
significant prior dust, gas, or fume exposure vutside the cement industry,
according to the same criteria used for the controls. The cement workers had
significantly higher adjusted odds ratios for rounded and irregular smsall
opacities (p<0,05) and pleural abnormalities (p<0.0l). The significances were
unchanged by adding an index of obesity (weight/heightz)caT) to the model,
demonstrating that obesity did not confound tl: radiographic results,

Detsils concerning pleursl abnormalities in the cemeﬁi workers are shown
in Table 14, The association between pleural sbnormalities and irregular
opacities was examined becmuse both can arise from asbestos exposure. 0f the
42 cement workers with pleural abnormalities, 2 had irregular cpacities, 2 had
both rounded and irregular opacities, and the remaining 38 had no opacities,
Only the subject with bilateral calcified pleural plaques had a history of
asbestos exposure (defined as a minimum of 5 years), and there was no
significant assoclatioun between such s history and either irregular small

opacities or pleural sbnormalities (Table 15).
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Bezause zero prevalences were present ir, some subgroups, the logistic
model could not be used to test for interactions with smoking status.
Instead, & breakdown of the data by swmoking status was made, and it showed
that smoking cem=nt workers had a eignificantly greater wroportion of all
radiographic abnormalities than their blue collar counterparts, whereas ex-~

and non-smoking cement workers dicé not (Table 16).

None of the ventilatory function variables was significantly different
between cement workers and group .. controls eiter adjustment for confounding

factors (Table 17).

Effect of Plant ares: There was ne relationship brtween plant area and the
prevalence of symptoms or radiocgraphic abnormalities. For workers who SpeAt
the majority of their tenure in the mixed ares, the adjusted mean FVC was
larger, 4.35 L, compared to 4.24 L for raw, 4.23 L for finishad, and 4.17 L
for clinker (p<0.01). The interaction of plant area and smoking status was
not significant, indicating that the effect was equivalent in all smoking
categories. There was no relationship between plant area and the other

ventilatory function variables,

Exposure-responge relationships: Significant exposure-response
associations are shown in Table 18. The prevalence of chronic phleg: was
posliively relatzd to tenure {p¢0.C5) among the 2298 subjects with respirable

dust meysurements. The adjusted odds ratio (ORa ) relative to zero

4]

expnLure was:

0.0020(PJT)
ORde = e .
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The relationship was alsc significant ameng <h: 1040 subjects witi, total dus:
measurements, but the estimated coeffizients are lessc reilable because the
sample size was smaller. The prevelence of wheeziny was positively related to

current respirable dust concentration and tenure (v<0.Ci). The sdjusted odds

ratic was:

0.1205(RD) <+ 0.0020(yJT)
OF .. = e .
adj;

For both chronic phlegm and wheezing, the interactiouns of the significant
exposure terms and smoking status were not significant, indicating that the
odds ratios were equivalent for all smoking catepovies. Values of the odds

ratios for various lengths of tenure and current concentrations of dust are

shown in Table 1B. Other syrptoms were not sipnif_cantly related to tenure or

current dust concentration.

Rounded aﬁd irregular small opacities were not related to current
respirable por tota]l dust concentration or te tenure. The prevalence of
pleursal abnormalitier was related to current total dust concentration, current
job tenure, and previous job tenure, with the effect of dust dependent on the

current job tenure (p<0.01). - The adjusted odds ratioc was:

oR eD.Oﬂl9(TD) + 0.012B(CJT) 4+ 0.0078(PJT) - 0.000G6(D*CJIT)
adj *

ThLe interactions between the significant exposure variables and smokiag status
were not signifirsnt, indiecating theat the exposure effects were egquivalent for
all smoking calegories. Valuec of the odds ratio for various dust
concentrations and tenures are shown in Table 18, Regardless of previous job
tenure, the odde ratio increazed with increasing current job tenure at low

dust levels, and with increasing dust level for low ~urrent job tenure.

However, a transition occurred between 5 and 10 years of current job tenure,
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ané betwe=zr. 10 and 2C mg/m of curren: total dust concentratiorn, such that

the odde ratic declined with higher current job tenure and higher dust.

Among cement workers, the only measurement of ventilatory function that
correlated with exposure was peak flow, which was negatively related to
current respirable dust concentration (p<0.0l, regression ceoefficient =

-103.2 ml'sec-l/mg-m-s). Neither tenure nor the interaction of dust
concentration and tenure were significent. Thus, there was mno evidence that
individuzals with longer exposure were more severely affected. The
relationship between peak flow and respirable dust was unchanged after
adjustment for the history of non-cement dust, gas, and fume exposure. The

interaction of respirable dust concentration and smoking status was not

significant, indicating an equivalent effect in all smoking categories.

Effect of silica exposure: When silica exposure wns defined by any of the
three methods, in no case was it related to the prevalence of rounded emall
opacities. Incorporating the third method for defining silica exposure (based
on total tenure in the raw and mixed areas) into the analysis of ventilatory

function, no significant relationships were found between silica exposure and

either FEV, or FVC.

DISCUSSTON

Thie is che first controlled epidemiologic study . .he respiratory
effects of portland cement plant dust in the United States. We cbseived no

difference in symptoms between cement workers and controls, with the exception
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that a higher proportion of cement workers claimed zc have dyspnea. Because
there were no differences in ventilatory function, this may merely reflect a

greater propensity of an exposed population to perceive and report symptoms.

Our results with respect to ventilatory function agree with those of

{18)

Rasmussen et. al , but with respect to both ventilatory function and

symptoms, they differ from those »f Kalacic(19>. Kelacic's chest symptom data
are compared with curs in Table 19. If our smoking-specific rates were applied
to the Yugoslavian cohort, the adjusted Yugosglavian prevalence of chroniec
bronchitis with obstruction would be 4.6%, which is significantly (p<0.01) lower
than the 11.2% observed in Kalacic's study. Therefnre, the higher Yugoslavian

prevalence is tot due to differences in smoking, but probably reflects their

considerably higher uust exposure (Saric M, Unpublished observations).

It ir unlikely that our negative findings in comparing cement workers and
controls with respect to most symptoms and fentilatory function are due tp the
masking of true differences., First, it is improbable that chronic health
effects were missed in the cement workers due to low tenure or exposure,
because the median tenure of the cement workers was 10.9 years (see Figure 6)
and because only 20.6% worked in nenproduction (office, laboratory, or
wanagerial) jobs., Second, control group A was selected with great care so
that the nature and intensity of the background exposures te inhaled
gubstances, and the proportion of the group subjected to them, closely
resembled the backsFound exposures o7 t+- cement workers t¢ non-cement inhaled
substances. Had we not chﬁsen grour A zontrols with such baekground

exposures, we could not have tested the respiratory effects of cement dust per
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Se on sympioms andé ventilatory function w..r. .ny valldicy, sihce any observed
differences could have been attributed to tre cement workers' exposure to
noen-—-cement inhaled substences as well as to cement dust. That we were
consistently acle toc select group A controls with similar low levels of
exposure to non-cement innhaled substances is supported by the lack of
significant differences in adjusted chrori: phlegm prevalence and FEV,

among group A control plants. Third, the likelihood of failing to detect true
differences in key variables due to inadequ.te sample .size was low. For

FEV,, the estimated power was 0.90 for 8 true difference of 0.1 liters.

For chronic phlegm, the estimated powers were 0.65 end 1.00 for true odds
ratios of 1.3 and 1.6 respeztively. For chronic bronchitis with cbstruction,
the power was 1.00 for a true odds ratio of 2.67, representing the relative
risk corresponding te a2 0.05 elevatien in prevalence among cement plant
workers over group A controls. Thus it is unlikely that differences as large
as 0.1 liters for FEV,, ORggj=l.6 for phlegm, or 8 0.05 elevation in the
prevalence of chronic bronchitis with obstruction were actually present.
Finally, we feel that the velidity of our findings is stféhgthened by the high

rate of participsation by the cement workers and by the careful sdjustment for

confounding variables.

However, ac & cross-sectional study, out data is subject to inheren:
potential bias due to the cut-migratli-a of susceptible individuals from the
exposed porulation (the "survivor effezt”). The influence of this potential
bias cannot be estimated without either 2 longitudinal study or the

examination of “drop-outs™ from the industry, which we d4id not do.
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Qur finding of an increase in the radiographic appearance of
pneumoconiiosis in porilsnd cement plan’ workers is consistent with previous
observations. Whether thie represents actual pneumoconiosis or another
process requires histologic confirmation. The possibility of pneumoconiosis
is suggested by & case reportcd by Pimentel and Henezes(sa) showing
pulmonary grenulomae containing inclusions of cement. The small opacities
found ir our study were predominantly in smokers, whieh may reflect &
deleterious effert of cigarette smol.e on the clearance of inhaled dust or an
augmented tissue response. Our dats do not demonstrate a relationghip between
small opacities and the curront level of dust exposure. However, the data do
not permit a fully adeguate assessment of exposure-response relationships for
chronic effects. Although also not fully adequate, such relationships are
usually approsched by estimating cumulative exposure based on the duration of
exposure and on dust levels in the past. Dust levels in the cement plants
studied by Gardner(Z) in the 1930's were higher than levels observed in our
study, allowing for differences in methods of sampliing and measurement.
However, there are no data on dust levels over the interﬁénins years for the
industry in general or the subjects of this investigation in particular.
Therefore, even the most carefully perforued historical reconstruction of
environnental conditions would be arbitrary, and cumulative exposures coyld be
serlously underestimated or overestimsted in an unpredictable manner.
Cunsequently, we believe that the obstmcles to calculating a reasonsble ang
unbiased estimate of cumulative exposure are insurmountable. Instead, we have
used current dust concentratiﬁns. tenure, and their interactions to exploer:
what might have been found had cumulastive exposure data been availsble. If

current and previous dust levels were related, using the interaetion (or
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product’ of current dust level and tenure in the analysis would resemble the
use 0f cumulative exposure; if they were unrelaced, then chronic effects
should still be related to tenure. This in either case, if & heallh effect
was related to cumulative expesure, tenure should be a significant explanatory
variable. We found no relstionship between tenure and small opacities. Thus,
we conclude either that small opacities are not strongly related to cement
plant dust exposure, or that we were unable to demonstrate such a relationship

because the proportion of small opacities in our sample, although elevated

above control levels, was low.

An unexpected finding was the association between cement plant dust
exposure and pleural abnormalities, mostly biluteral pleural thickening. This
was not an artifsct of obesity and, except in one subjecit, could not be
explained by asbestos exposure. Pleural abnormalities were exposure-related
in terms of both tenure and current dust level {with the latter possibly being
related to previous dust level). Because sll of the radiographic changes sre
presumably chronic, they are probasbly more reflective of previous than eurrent
dust conditions. Our data are consistent with this supposition if, for
workers with short current jeb tenure, current total dust concentration
reflects the relative magnitude of pre.ious exposure (Table 18). For workers
with long cuirrent job tenure, the relationship between pleural changes and
cement plant dust exposure sugzests 8 survivor effect (i.e., only less

susceptible individuals may have tolerated high dust concentrations)

(Table 18).

It is concelvable that the radiographic differences between the cement
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workers snd the gproup B controls could be due to interpreter differences.
There were 3 interpreters for the cement films and 11 for the control films
(three of which interpreted each film), with cone interpreter common tc both
Broups., With respect to the other cement film interpreters, this
interpreier's estimated prevalences fell in the middle pasition for both small
rounded and small irregular opacities, and in the lowest position for pleural
abnormalities. The fact that his estimated prevalences were higher for cement
workers than controls (small rounded opacities: 1.13% compared to 0.00%; &mall
irresular opscities: 1.51% compared to 0.16%; and pleural abnormalities: 2,16%
compared to 1.13%) sugeests that the higher prevalences ir the cement workers

were not an artifact of interpreter bias.

Considering the lack of differences between the cement workers and the
controls, we feel that the analysis of other exposure-resvonse relstionships
it of minor interest. However, the association of chronic phlegm with
previous job tenure rugpests a possible relationship between cement plant dust

«(39)

exposure and "industrial bronchitis which was nonobstructive since

there was no diffecence in FEV,. The exposure-related reduction in peak

flow, which represents a 1 to 2% drop per mg-m-3 of respireble dAust, was
poseibly an mcute transient effect of dust on the large esirwsys since it wag
not relsted to tenure. However, Saric observed negligible change in the FEV,
over a8 work shift in Yugoslavian cement workers exposed to 3.3 to 30 mg/m3

of respirable dust, and no significant change in airways resistance afier ~
ginilar 2oncentrations were sdministered in an exposure chambev (Saric M.
Unpublished observations).

Our environmental data show that 5% of samples exceeded the current
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exposure limit for respirable dust, 19% exceeded the limit for total dust and
£.1% exceeded tr* limit for respirable sili:a(AO) {Tables € and B). Our
sample of 16 cement plants was representative o0f the United States industry
with respect to plant age. procests type, and geographic distribution. We
found that dust concentrations were a funstion of plant, jocb., and shifi, but

were not influenced by plant age or type of process (Table 7). We found r .

esbestofs in our environmental samples.

In conclusion, we found little adverse effect of cement plant dust on
respiratory symptoms and ventilatory function. The prevalence of radiographic
ebnormalities consistent with pneumoconiesis in cement workers was low but was
significantly elevated. To determine whether this represents preumoconiosis
or another pathologic process would require histolegic study. The prevalence
of pleural abnorralities was alsc low, but significantly eleveted cver that of
controle, 3nd it was slso related to total dust and tenure. Asbestos does not
appear to be B possible cause of this =2xcess because the workers with these
abnormalities {except for one) had no known presei.t or prévious exposure to
asbestos. If confirmed in other studies, the elucidation of the relationship
between cement plant dust exposure and pleural changes will be of interest.
Presently, however, we do not feel that there is sufficient evidence to

zscest a change in the exposure limit for cement dust.
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Table 1. V.S. Portland Cement Industry

(19779

Composition by Age of Plant and Type of Process™

__before 194} _1941-19%0 1961-1976 All Ages

Plante Workers Plarts Workers Piants Workers Plants Workers
Wet 19 2630 ( §.8B%) 32 6130 (22.8%) 36 5517 (20.5%) 87 14,277 ¢ 53.1%)
Dry 9 1489 ( 5.5%) 22 5296 (19.7%) 29 4200 (15.6%) 60 10,985 ( &4C.B%)
Dual 1 207 ( ©.8%) 4 281 ( A.8%) 1l a8 ( 0.6%) ] 1,636 ( 6.1%)
Total 29 4,326 (16.1%) 58 12,707 (47.2%) 66 9,865 (36.7%) 153 26,898 (100.0%)

* Reference 20. Data are approximate.




Table 2. Cement Workers zxamined (1976-19823

Distribution bv Age 0f Plant and Type of Process

Before 1941 1941-1960 1961-1978 All Apes
Wet 250 ( 9.1%) 545 (19.9%) 325 (1l.9%) 1120 ( 40.9%)
Dry 202 ( 7.a%) 604 (22.1%) 570 (20.8%) 1376 ( 50.3%)
Dual 0 ( 0.0%) 242 ( 8.8%) 0 (0,00 242 ( 8B.8%)

——p— -

Totsl 452 (16.5%) 1391 (50.8%) B95 (32.7%) 2738 (100.0%)



Table 2.

3¢

Control Grour A

Type of industry

State

No. Examined

Turbine generatcr manufacturing
Seft drink bottling & distribution
Soft drink bottling & distributieon
Dairy

Electrical controls manufacturing
Electronic components manufacturing
Farm machinery manuvfacturing

Motor vehicle parts manufacturing
Turbine generator manufacturing

Rolling mill machinery manufacturing

GA

ca

1A

IN

5C

CA

100
79
87
74
59

78

61
75
85
_18

776
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Table 4. Numbers cf Subjects and Tests

Cement Control Control
Workers Group A Grour B
No. Invited 3151 1058 3108
Absent 255 ( B.1W) 94 ( 8.9%) 44 ( 1.4%)
Refused 158 ( 5.0%) l88 (17.8%) 1349 (43.4%)
No. Examined 2738 (B6.9%) 776 (73.3%) 1715 (55.2%)
Excluded 2 21 257
Cohort Size (N) 2736 755 TR 1458
‘ No. of Tests
Questionnaires 2736 755 1458
Spirogtams
Heeting ATS
Standards* 2607 729 NA
Radicgraphs
ClacsifiedX 2651 HA 1437
No. Assigned
Personal Dust Levels
Resrirable Dust 2298 HA NA
Reszirable Silica 2298 NA NA
Total Dust 1040 HA

* See Methods

NA
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Table 5. Definitions of Sympieome and Syndromes

Symptom Definition

Chronic Cough Cough part of day or entire 3jay
for et least three months each year

Chronic Phlepm Phlegm part of dsy or entire day
for at least three months each year

Chronic Bronchitis
with Exacerbations Chronic phlegm and at least 1
exacerbation* in past 3 yrs

Chronis Bronchitis
with Obstruction Chronit phlegm entire day and:
FEV,/FVC Age
< 0.79 25-2¢
£ 0.7 30-3%
£ 0,74 40-49
0.7 50-59
N Dyspnea Dyspnea walking on level ground
Wheezing Wheezing on most days or nights
Asthma Attacks of dyspnea with wheezing

* An episode of increased cough or phlegm lasting for at least 3
w eks.
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Table &. Personal Dbust Samples in the

39

Ceuwent Workers

N Mean 95% Confidence Range Samples Greater
Concentration* Limits for the than MSHA Limit+
mg /m3 Mear, me/m3 mg /m3
Respirable Dust 1011 0.57 (3.60) 0.53 £ v < 0.62 0.01 - 46.22 5%
Total Dust 211 2.90 (4,35 2.38 £ W £ 3.54 0.01 - 78.61 19%

* Geometric mean (SD;.
+ Reference AOC,

-



| aapanr gy
&
.

Table 7. Personal Dust Concentrazion:

40

snalysisc of Variance*

Source of Variability Degrees of Mean Square Pt
Freedon

Respirable Dust:
Age ) 11.30 0.30
Process 1 3.86 0.51
Age-by-Process Interaction 2 3.11 0.69
Plant»x 9 8.07 0.0001
Shift 2 --5,098 0.0093
Job 106 4.17 0.0C001
Error 801 1.08

Total Dust:
Age A 1.47 0.62
Process 1 1.51 0.49

) Age-by-Process Interaction 1 1.59 0.48

Plant#x 8 2,91 0.14
Shift 1 Cc.001 G.98
Job 64 2.63 0,05
Error 115 1.86

* Excludes measurements in the dusl process plant and 3 zero values.

+ p value for the F test.
**x Nested within sge-by-process cell,
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Tabie 8. Personal Quartz Samples in “he Cement Workers

Percent of All

Plant ¥ean Respirable No. of Samples with Median Samples Exceeding:
Area Dust* Samples Detectuble Quartz Quartzt  MSHA NIOSH
mg /m3 mg/m3 Limit** Standard*+t

Raw 0.48 215 60 (27.97) 0.085 1€ .4% 21.4%
Clinker 0.48 133 11 ¢ 8.3%) 0.072 4,5% 5.3%
Finished 0.8B5 177 5 ¢ 2.8%) 0.05¢ 1.7% 1.7%
Mixed 0.55 482 69 (14.3%) 0.081 7.7% 10,8%
All 0.57 1007 145 (14.4%) 0.079 8.1% 10.8%

* reometric mean.

+ For samples with detecteble gquartz.
** Reference 40.
‘H+ Reference 4l.
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Table 9. Oxides of Sulfur and Nitrogen Dioxide in the Cement Workers

Samples Percent of All

Species Samples  with Concentration Samples Exceeding:
Dectable Median Maximum MSHA NIOSH
Species Limit Standard

Sulfates 91 67 (73.6%) 38 pg/m3 2208 uz/m3 x *

Sulfites 91 7 ( 7.7%) o) pg/m’ 221 ug/m> x *

503 91 65 (71.4%) 0,02 ppm 0.62 ppm ont 1, 1%%%

NO» 261 236 (90.4%) 0.06 ppmtt 0.44 ppm*tt Rk T+

No limit or recommended standard.
Reference 40.
Reference 42.

*
-+

®
+
el
+ Fell-shift time-weighted average concentration.
**x 5 ppm ceiling (15 minute) concentration(40),
1 ppm ceiling (15 minute) concentration{43),
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Table 10. Demographic Data

A, Data for Analysis of Symptoms and Ventilatory Function

Cement Workers Control Group A

N 2736 755
Age, yrT* 40.9 (11.5) 36.3 (12.0)
Height, cm* 173.8 ( 7.2)* 172.7 ( 7.6)
Sex, % Male 95.1 B9.1
Race, %
White 8l.8 85.8
Black 7.3 =t .2
Hispanic 10.5 7.2
Other 0.4 c.?
Unknown 0.1 0.0
Education, yr* 11.8 ( 2.3})%x 12.1 ¢ 2.0)+

B. Data for Analysis of Chest Radiographs

Cement Workers

Control Group B

N 1589 1458
Age, yT* 3.4 (11.7) 33.9 (12.7)
Height, cm* 173.8 ( 7.5)%xx 167.5 ( 9.1)+++
Sex, % Male 93.1 50.1
Race, %
White 80.7 52.7
Black 7.5 43.8
Hispanic 11, 0.1
Other 0.3 3.1
Unknown 0.1 0.3
Education 12.1 ( 2.2)%%xx 10.9 ( 2.2)++++
* Mesn (SD)
+ N=2733
** N=2728
++ y= 753
xxk N=1586
+++ N=1457
*kak N=1585

+H+t N=1455
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Smoking Data

Cement Workers

Control Group A

Control Group B

Nc. Pack-years Mo. Pack-years Nc. Pack-years
mear mean mean
Non-smokers 664 ( 24.3% 0 260 ( 34.4%) © 528 { 36.2%) 0
Ex-smokers 742 ( 27.1%) 22.1%* 160 ( 21.2%) 17.4 174 { 11.9%) 13.0
Smokers 1193 ¢ 43.6%) 28.8B% 309 ( 40.9%) 20.6*% 712 ( 48.8%) 1z2.3%
Pipe/cipar 117 ¢ 4.3%) 0 21 ( 2.8%) 0 26 ( 1.8%) o
Unclassified®** _ 20 (_ 0.7%) NA _5(_0.7% NA _1B (__1.2%) NA
2736 (100.0%) 755 (100.0%) 1458 (100.0%)

* N = 733 subjects.
+ N= 1171 subjects.
*% N = 307 subjects.
=+ N = 710.

*x%x Deleted from analysis.

NA Mot appl' :able.
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Table 12. Respiratory Symptoms and Syndromes

Crude Prevalence Adjusted pt
Cement Control 0dds
Workers Group & Ratio*
Chronic Cough 15.4% 13.8% C 96 .73
Chronic Phlegm 15.2% 16.1% 1.90¢ .65
Chronic Bronchitis
with Exacerbations 5.8% 4.1% 1.4 .08
Chronic Bronchitis T
with Obstruction 4,1% 3.0% 1.18 .54
Dyspnesa 5.4% 2.7% 1.60 .05
Wheeze 8.5% 7.7% 0.393 .63
Asthma 8.7% B.9% 0.88 .40

* Odds ratios adjusted for age, sex, and smoking. Subjects with
unclassified smoking deleted.

* p value for testing the hypothesis that ORggj=1, using the
likelihood ratio chi-square test.
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Radiographic Abnormalities

Cement Workers Control Group B Adjusted pt
Total Prevalence Total Prevalence 0dds Ratio*

Rounded Small Opacities

Whole Group 2643 21 (0.79%)

No Prior Exposure®* 1462 12 (0.82%) 1392 2 (0.14%) 4,67 0.03
Irregular Small Opacities

Whole Group 2646 29 (1.10%)

No Pricr Exposurex* 1462 15 (1.02%) 1388 1 (0.07%) 6.435%t 0.03
Large Opacities

Whole Group 2650 0 (0.00%)

No Prior Exposure*x laoé 0 (0.00%) 1393 0 (0.00%) 1.00 1.00
Pleural Abnormalities

Whole Group 2641 42 (1.59%)

Ne Prior Exposure** 1459 24 (1.64%) 1393 3 (0.22%) 5.03 0.003

* 0dds ratios adjusted for age and

deleted.

smoking.

Subjects with unclassified smoking

+ p value for testing the hypothesis that ORaq3=1, using the

likeiihood ratio chi-square test.

** Pipe/cigar users had zero prevalence and were deleted to obtain
convergence of the logistic model.

convergence of the logistic model.

Non-smokers had zero prevalence and were deleted to obtain



.. Table 14. Pleural Abnormalities in the Cement Workers

Site Thickening Plagues Mixedx*

Calcified Uncalcified

Unilateral 11 0 o) 0
Bilateral 29 1 0 1
All Sites 40 1 0 1

* Thickening (one reader) and calecified plaques (another reader).
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Table 15. Radiographlc Abnormalities versus Asbestos Exposure
iln the Cement Workers

Asbestos Irregular Small (pacities Pleural Abnormalities
Exposure Pos./Neg. % Pos. P* Pos./Neg. % Pos. px
Yest o/ 63 (0 %) 17/ 68 (1.5%)
0.93 1.00
No 29 / 2548 (1.1%) 41 / 2531 (l.6%)

* p value for testing the hypothesis that the exposed have the same
prevalence as the unexposed, using the Fisher's exact test.
+ History of exposure for minimuem of 5 years.
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Table 16. Radiographic Abnormalities by Smoking Status
Smokers Ex-smokers } Non-smokers
Total Prevalence p* Total Prevalence p¥ Total Prevalence %
Rounded Small
Opacities
Cement Workers 666 7 (1.1% 382 4 (1.0%) 414 1 (0.2%)
0 01 0.46 1.00
Control Group B 701 O (0.0%) 168 0 (0.0%) 523 2 (0.4%)
Irregular Small
Opacities
Cement Workers 665 12 (1.8%) 383 3 (0.8%) 414 0 (0.0%)
0.002 0.67 1.00
Control Group B 701 1 (0.1%) 168 0 (0.0% 519 & (0.0%)
Pleural
Abnormalities
Cement Workers 664 19 (2.9%) 383 3 (0.8%) 412 2 (0.5%
0.0001 0.67 0.82
Control Group B 702 2 (0.3%) 168 0 (0.0%) 523 1 (0.2%)

* p value for testing the hypothesis that the cement workers have the same

prevalence as control group B, using the Fisher's exact test.
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Tabie 17. Ventilatory Function

Crude Means Adjusted Means*
Cement Control Cement Control pt
Workers Group A Workers GCroup A
FVC (L) 4.87 4.88 4.47 4.45 0.7¢6
FEV, (L) 2.7 3.85 3.51 3.51 0.93
PF (L/8) G.47 9.52 8.87 8.B5 C.94
FEFg, (L/S) §,59 4,76 4.60 4.57 .77
FEF,, (L/S) 1.49 1.68 1.49 1.51 0.74

* Adjusted for asge, sex, race, height, and smoking, with plant nested
within group.

* p value for testing the hypothesis that the cement workers have the
same adjusted mean as control group A, using the F test.
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Table 18, Significant Exposurs - Response Relationships in the Cement Workers
Chronic Phlegm*
Previous Job Tenure, yr
¢ 5 10 20 30
ORagj: 1.00 1.12 1.26 1.60 2.02
Equation: ORgqj=el0020(PJT)
Wheezing*
Previous Fob ~“[enure, yr
0 5 10 20 30
Current Respirabdble
Dust, mg/m3
0 ORgqj 1.00 1.13 1.27 1.62 2.08
1 1.13 1.27 1.44 1.83 2.33
3 1.44 1.62 1.83 2.33 2.9¢
5 1.83 2.06 2.33 2.96 3.77
Equation: ORggqj=e0:1205(RD) + 0.0020(PJT)
Pleural Abnormalities+
Frevious Job Tenure, yr
0 5 L0
Current Total Dust (mg/m3)
Current Job 0 10 20 0 10 20 g 10 20
Tenure, yr
0 ORadj: 1.006 2.27 5.14 1.60 3,63 B.24 2.5¢ 5.82 13.19
5 2.16 2.84 3.73 3.46 4.54 5.97 5.54 17.28 9.56
10 4,66 3,55 2.70 7.47 5.68 4,32 11.96 9.10 6.92

Equation: ORgqj=eQ-0819(TD) + 0.0128(CIT) + 0.0078(PJT) - 0.0003(DXCIT)

Peak Flow'
Dose Variable
Respirable dust
* p < 0.05,
tp < 0.01,

-103.2 ml-sec-llm;'mh

Regression Coeffiricnt

3
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Table 19. Comparison of Results For White Males

Present Study xalacic(9)
N 1724 B47
Crude Prevalence of Symptoms, %
Chronic Cough 17.4 41.6
Chronic Phlegm 19.7 37.8
Chronic¢ Bronchitis with Exacerbations* 3.7 1.6
Chronic Bronchitis with Obstruction 4.9 11.2
Dyspnes 5.5 8.5
Wheeze 9.3 7.4
Asthma 8.8 3.0
Age, yr* 41.1 (9.9) 3.9 (6.8)
Smoking, W**
Non-smokers 21.8 23.3
Ex-smokers 30.7 18.3
Light Swmokers 7.0 10.5
Moderate Smokers 20.4 34 2
Heavy Smokers 20.0 13.?

* For this comparison, the present study definition was changed to require
phlegm production for the entire day.
+ Mean (sD).
** Definitions conform to Reference 9.
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FIGURE 2

DISTRIBUTION OF PERSONAL RESPIRABLE DUST SAMPLES (N=1911)
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FiGURE 3

DISTRIBUTION OF PERSONAL TOTAL DUST SAMPLES (N=211)
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FIGURE 4

DISTRIBUTION OF INDIVIDUAL RESPIRABLE DUST LEVELS (N=2298)
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FIGURE, 5

DISTRIBUTION OF INDIVIDUAL TOTAL DUST LEVELS (N=1840)
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FIGURE 6

DISTRIBUTION OF CEMENT WORKER TENURE (N=2736)
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