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Radiographic and Physiologic Patterns
Among Workers Engaged in Manufacture

of Asbestos Cement Products
A Preliminary Report

Hans Weill, M.D.; Carmel Waggenspack, M.S.; William Bailey, M.D.; Mor-
ton Ziskind, M.D.; and Charles Rossiter, M.A.

Aithough two-thirds  of  all
asbestos fiber imporned into this country
15 used in the manufacture of asbestos
cement products, hitie information s
available concerning health efiects
assoctated with asbestas exposure in thus
industry.  Asbestos cement products
which contain asbestos nber. free silica
and cement nclude shingle, pipe,
roofing and siding. Although chrysotle is
the primarv type ot fiber utifized in this
industry, several products contarn small
amounts of crocidoite because of its
strength and resistance to acid corrosion.

Methods
An investigation of health effects

associated with dust exposure in this in-
dustry was begun in November, 1969,
with a study of currently emploved and
retired workers of two plants in the New
Oreans Area. Over 95% of actively em-
ployed workers participated. Although
shortly after the study began, a major
work reduction occurred at one piant,
70% of the 184 employees laid off prior
to their participation in this study were
recruited. Of the retired waorkers residing
in the New Orleans vicinity, 30% could
be contacted and were able and willing
to participate. A total of 908 workers

from Tulane University S%chool of Medicine, New
Orleans. La. (Dr Weill, Miss Waggenspack, Or
Bailey and Or Ziskind), MRC Pneumoconiosis Umit,
Penarnth, South Waies, U K (Mr Rossiter}

Presented &t Second Skvtop Contetence an
Respicatary  Dhseases in Indusiry, Skylop Lodge,
Skyvtop, Pa., May 1719 1972

Repnm requests 1o Professor of Medicine, Dept. of
Medicine, Puimonary Diseases Secuon, Tulane
University School of Medicine, New Qrleans, La

(Dr Wetll),
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were studied. 871 men and 37 women.
Therr mean age was 36 vears and thev
had been in the industry up to 40 vears,
the mean perod ot exposure being 17 3
years

Workers were given trme off by the
companies and spent one-half dav in the
laboratory where a resquratory and oc-
cupational questionn.ire was ad-
ministered by a trained interviewer PA
and both oblique chest x-ray films were
obtained and a brniei physical
examination performed Studies of
pulmonary function included spirometry
to determine maximum expiratory flow
rates, total lung volume and s com-
partments using helium equilibration,
gas transfer utihzing the single breath
carbon monoxide puimonary diffusing
capacity, and gas exchange dunng hight
and moderate levels of exercise, with
determination of total ventilaton and
vennlatory equivalent for oxvgen. Com-
plete plant records were made available
and each worker's job historv was ab-
stracted. Exposure assessments were
based on dust measurements provided
by company industrial hygiemsts, the
State Health Department, and the U.S.
Publhic Health Service. An estimate was
made of dust level in million parucies
per cubic foot at each job site for each
year. improvements in dust suppression
were reflected in decreased estimates.
The constitution of the dust in terms of
chrysatite, crocidolite and silica contents
was also assessed. For each man, five ex-
posure indices were calculated from his
detailed industnal history. These were
total time employed, total dust exposure,
the total of alt exposure levels muiltiphed

by the cofresponding periods
posure: total chrvsotile exp
calculated as tor total dust but
chrysotile . proportion  only:
crocidolite; and total siica expo-

Chest x-rav films were read us
new UICC Cincinnati Interna
Classitication tor the Pneumoco
These films have been read by or
expert member of the committee
developed the rlassiication Fil
69 norundustnatly exposed ndnr
matched as closely as possible 1«
and age were nterspersed amo
films of exposed workers Thes:
were not identifiable as controls
reader.

Working Environment
Because o1 the importance of -
working environment to b
response, the manufacture of a
cement products will be de
briefly. Bags of asbestos fiber par
compressed form are delivered t
car and stored in the plant. Aithos
provements 1n  packaging have
made. bags occasionally tear w.
sequent dust emission  The t
asbestos are opened. the block
broken up and, finallv. the com
charged with the matenal ¢
fibers are ‘‘opened” by mean
biower and cvclone and. in !

.process, fibers are then discharge

beater and mixed into the cemer
Silica enters a drnv mix by w.
shaker and reground scrap 15 stof
it also enters the new mix arte’
been dumped bv wheelbarrow
hopper after which it enters th
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aod s b endec 10 the shurn Tre slurn,
s malned and -ohd parcles collected
m 3 3Creen, W e o then transrerred to
. a felt where th= stnck accumulates on a
miler Atter a -eres Of transrers. a wet

z sheet i “zrmed Cutting o the wet sheet

WAt gvneir Mgt g . Tt Auaryr arrrd

} SR Total Dust Exposure

; -.r . -ized sheets are then cured tor a PROFUSION

¢ weeq and. arter the sheet 1« considerably FU (MILLION PARTICLES PER CUBIC FOOT - MONTHS)
sner. it enters the punch press 107 more <250 | 251-500 | Soi-io00 | i001-2000 | 2001-4000 | doct +

aecse sizing and introduction of ral
~oies nto the ~hingle Energy apphied to

- N o ) 77
this retzinehy  dno product dunng the % and 7- 98 94 97 93 88
operation 1+ associated with dust Cut-
nng of corruaated ~heeting also resuftsoin o
e dust Droduction Final curing 1< per- 7 2 5 ! 4 q 9
rormed n large autoclaves  Important
dust exposures occur either earlv in the

) .
process w here the nber 1s unpacked, the %o Y1 and % 0 ! 2 | 4 8
romevor naded and nber discharged
' r an

into the heater, and later w heq the dn 2+ 0 0 0 2 4 6
product 1s sawed or punched for cizing
1n commercial enectncations,

(1) (67) (105) (122) (209) (23

Results .
With this mixed dust exposure to Fig 1. — Rates (%) of smail rounded opacities for total dust categones,

asbestos and siica radiographic patterns ) acines are combined. the  was made to determine i predominant
have inciuded small rourded as well as prevalence of amv dimuse parenchvmal  tvpe of exposure influences radiographic
megular or lmear' cpacives The new change can be related to total exposure  pattern A clear association between ex-
radiograpobuc classihcahon separates the (Fig 3) pected sihica exposure and rounded
toe or small opacity into rounded or Since these changes result trom both  Gpacities or irregular opacitres and
megular and 5. thererore, suitable to asbectos and sihica exposure, an attempt  d-Hestos exposure was not seen (Fig 4).
characterize pattern: encountered in thrs
mdustry _ Projusion  of  these small
opacies 15 graded by 12 categones
ranging rom O:- to 3 4,

PgreI?mman anahsis of the tipe and Total Dust Exposure
protusion o1 drituse opacittes in relation PROFUSION (MILLION BCHTICLES PER CUBIC FOOT— MONTHS)
o dust exposure reveals that higher i

-~

cnulatne  exposures  are  associated < 250 251-500 | S0I-1000 § 1001-2000 | 2001-4000] 400t+
~tth higher rates of both tvpes of o-
pacities :n this industry For small round-
f ed opacities, defimite radiographic
changes, or 2.1 categon or above. begn
% o appear arter cumulative exposure ot .

1000 mithon particles per cubic 1o0t- % 2 2 3 7 I 9
months (Fig 1) There 15 an incCrease in
nies of abnormal r?dmgraph'nc patterns ’/o. y‘ and ‘é o) 0 ] ‘ 2 2 5
as thrs evposure nses, Except for o in-
2 dividuals tn low dust exposure
ategories read as having categorv 2 2/ + | | 0 2 5 q
meguiar npacties. a similar pattern s

wen ior this toe of radingraphic change (|6|) (67) (105) (|22) (209) (23”

ifig 2) One or these workers had

%ond% | 97 |97 | 96 | 89 | 82 | 82

bateral basilar pneumoma with ap- Fiy 2 " ) of small | bes for tofal dust cawganes
piopriate sy mntoms and there might be 2 — Rates () of smal) wreqular opacibes for v pne ,.....-.—-.-.----'
drierences or opimion regarding the —-‘; 001 5791 }-
p ‘ B -ll-"'”-

pofumon  ¢la~siticaton 1n the other, e -

howerser. they were lert in the nrotusion
ateer,n designated on the nrst reading.
finglis, when r~ounded and rregular
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perhaps because the range of exposures
1o these two materials was himited n
these plants. Increasing protusion  of
rounded opacitiec was assocdted with
increasing total dust. silica and asbestos
exposure, this pattern being better
related to dust exposure than were
irregular opacities. Although it 1= difficult
in amv study ol this tvpe to separate
clearly vears ot exposure from total dust
exposure, It can be seen that the
presence of ciftuse changes on the chest
w-ray cormrelat2d better with toal exposure
than simplv with years in the ndustn
Analvees to date have not cnnudered
size of erther "vpe ot opacity. Readings of
the A9 control x-ravs included A6 with a

00 categon and thiee with a 01
category.
Anncipating that those ndividuals

with small rounded opacities might have
dinerent pulmonary function patterns
than those with irregular opacities, mean
values for lung volumes. gas transter and
expiratory flow rates are expressed in
percent of predicted where indicated
and compared in groups with irregular
opaciies, rounded opacities, and
negative chest films. Although emphasis
will be placed on groups evhibiting
“detinite” or category 2 changes mean
values in category 1 protusion are also
plotted. In the categorv 2 groups. total
iung capacity and vital capacity ditrer
significantly from the O group: mean
vaiues for both these volumes are con-
siderably lower n the group with
irregular opa.ities than in the group with
rounded change (Fig 5}. Residual
volume was significantly higher in the
rounded group than in the irregular
group with residual volume to total lung
capacity ratio differing in the same direc-
tton but not reaching statistical
significance. The category 2 rounded
opacity group had a mean RVITLC
which differed signiicantly from the 0
group. Pulmonary diffusing capacity in
both groups with category 2 opacities
was significantly lower than in the group
with no radiographic changes (Fig 6)
and mean D: was considerably lower in
the irregular group than w1 the rounded.
This difference was not statisucally
significant. Alveolar volume was lower
in those with irregular opacities while
diffusion constant (K) was lower 1n the
rounded group. In neither case was this
difference between groups statstically
signuficant. K in the rounded group. and
alveolar volume n the irregular group,
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MAXIMUM

PROFUSION

Total Dust Exposure

( MILLION PARTICLES PER CUBIC FOOT - MONTHS)

£ % 250-500 | SOIFIDOO | i00F-2009 | 2000-4000 | 400!

%and % | 95 | 93 | 94 | & | 70 | &
% a |6 | a | n|i.]|7
ws%ande [ 0 | 0o { 2 | 3 | 6 | i3
” + | I 1 o| 5|8 | ic

(161)

(67)

(108) (22) (209) (23!

Fig 3. — Rates (%) of rounded or irregular small opacities for, h:ﬁl dust categones,
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Fig 4. — Radiographic changes and exposure.
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pleura! ettect on lung volumes 15 shightly
greater in those with category 2 irregular
changes than n the same profusion
group with rounded opacines
Pulmonary ditfusing capacity 15 reduced
by the presence of pleural changes in the
rounded opdc:tv group. unchanged o
those with categon 2 irreguiar cnanges
and paradnoxcath ncreased in the jew
with rregular categon
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subtects
changes
“I- tn summanzing this part or
analvsiz 4t appears that indiv'auals w.n
moderately  acvanced profcaon o
irregular opacities iend to have ‘ower
lung \olumes and puimonan diffus'ne
capacitv  than those with rounded
opacihes  Hupenntlaton s assaoiated
with rounded nodular changes but
sprrometric  How  rate measurements
which are generallh arfected by tung
volume changes, do not separate the
groups  Thece associations 7ot 1ung
volume reduction changes 1m
pulmr nary dirrusing capacihy and
hvpe 1tlation are consistent with® the
hyp hesis that the small rourded
opa o« are | manly e to silica ex-
posut. while i gular 0acites inZicate
pred.iunant . hestos c oect ATs an-
twcipated  addinonal venalatorn  disturs
bance associated with sibca exposure
) 45-' was nnt detected 1n tnese individuals,
a perhans because of the high prevaience
‘o ; -2 of arways disease in a smoking
popu.ation and the recently demon-
strated changes in smail ainvays or in-

.. dwiduals exposed to asbestos dust
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' Comments
-90 JOA e In the hrst phase of this investigation
we were concerned with radiographic
and phvsiologic evidence of dimuse
pulmonan change due to dust exposure
in the manutacture of asbestos cement
products These changes were related to
indices of exposure but our data allow
conclusions only concerning morbidin
in the next phase, information on mor-
talitv, particularhy in relation to car-

*x *

!
’
TYPE of SMALL OPACITIES

I = {rrequior only
R * Rounded only

PROFUSION
0= 0/-, 0/0,0n
t = 10,in, /2
2= 271 +

Fig 6. — Gas transier.

= "2" Sig. dift from
0" ot .08

#% 2" Sig. dift from
*0'at O

[ IR,

I

function 1s displayed tor the :ame groups

R T IO

%3

did drrer cignimcanthy rrom this mean
value in tre rormal x-rav group FEV -,
FEF:s-:+ and FEV \C were significanty
lower 1n the two groups with denmte
radiographic ¢nhanges than in the normal

4 rav groun (Fig T) “ane of the ex-
raton flow rates, however. separated

the irregular rrom the rounded opacity
group The additional erfect of pleural
changes on selected parameters of lung

with and without parenchymal changes
{Fig 8). In the irregular and rounded
opacrty groups, turther reduction of vital
capacity. torced expiratorv volume and
residual volume s ohserved in the
presence ot radiographicallv  apparent
pleural change This etect 1or wvial
capacaity and FEV s also present tn
those without parenchymal changes The

Journal of Occupational Medicine/Vol. 15, No. 3/March 1973

cinogenesis, will be obtained. \We have
been describing biologic changes related
to exposures beginmng 20 or 30 vears
ago ror most workers who demonstrate
chcease at this ttime These expasures
were much hgher pnor to the n-
troduction or modern dust control
methads One can conclude tentatively
that there 1< a cumulathve level or ex-

251




e o et ———
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Fig 7. — Flow rates,
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posure n this ndustry  at
fibrogemc efiects associated with
dusts are unlikehv to occur Perha
level will have been reached w her
ts yniversal contarmance to the
estabbished TLA of 3 tibers per -~
ficient simultaneuus s oder g0
count air samphng Jaia a7e no’ av,
to allow ror reliabie comvers or
total dust expressed 1n mullion oo
per cubic foot to rbers per mi Ba-
the limited available inrormation
servative comversion ratto rght
nubers per mt ror cne MPPCFE The
limit ot our third dust categ
equnalent to somes hat more
MPPCE ror a working irteiime
vears. This wouid contorm w
recent emergencs TLC o1 5 nb.
Again. this relates ta the o
developing  preumocomos s
provides no intormation concernr
excess nsk of neoplasm. Finalh
appear to be ditferences 1 puin
function pattetns betw een groups
cmall arreguiar and  small ro
npacities, Although we have not
able to distinguish between cons
~xposures of asbestos and silica
Jroups. the phvsiologic patterns <
that rounded nodules seen on ¢!
rays mav represent a predominan
effect while irregular or hinear ¢
are associated with an asbestos en
this time, reasons why indivduals
industry  with  seermingly  simil.
posures develop such du
radiographic and phvsiologic ¢
are not clear
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