W. Barclay, J. Craighead, et al., "aA Physician’s Guide to
Asbestos-Related Diseases," JAMA, 1984.

Concludes that household contamination by asbestos, carried on

the work clothes of i ers may result in other family
members developing|asbestosis|. Mesotheliomas may also develop
in such scenarios. Environmental exposure is another danger.
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Council Report

IN RECENT years, public concern
over the health effects of asbestos has
sharply escalated. According to Walk-

“er et al (J Occup Med 1983,25:409), as

many as 65,000 industrial workers in
this country may now have clinically
diagnosable asbestosis, and mesothe-
lioma may develop in 15,000 before
" end of this century. Asbestos alse
2ases the occurrencs of broncho-
- uie  earcinoma among exposed
workers. Disease frequency of this
magnitude consequent to a common
environmental pollutant is URprote.
dented and of critieal public health
importance.

In May 1982 the Council on Scien.
tific Affairs commissioned a select
panel of exzerts to Frepare & report
on the disesses attributed to asbestos
éxposure. There are alieady a number
of excellent reviews on the sublect for
specialists in the felds of radiclogy,
rathelowy, pulmonary medicine, ard
oncology. This ieport is crganizad zs
a szries of antwers ty soma of the
Fiire emon quiestions gsked of op

by physicians regataing sabestos and |
kealth, A selected list of referencesis ©
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A Physician’s Guide

to

Asbestos-Related Diseases

provided for the reader who requires
maore comprehensive knowledge, -

IRTRODUCTION

The term asbestos refers to a family
of naturally occurring silicate miner-
als with & fibrous structure. Endowed
with unique praperties of heat and
corrosion resistance, ashostog has
long played a prominent role in our

industrial society. Chrysotile is the
most important commercial type of .
" ashestos, accounting for more than

90% of the asbestos consumad in the
United States today. Two cther types,
crocidalite and amciite, were gsed
extensively in the past In (he 134
ard 19503, worldvwide corsumptisn of
askeston increased dramstically, In
Tecent years it hag declined, in large
Fart beczuse of concerns about the
sdvirse effects of sshostos on heaith,
¢ Madical knowledge regarding the
titcome of exposurs to the minersl
has expanded greatly since the Brst
published repart of asheatos-aza0ei.
tted lung disease in 1924, Byt only in’
the past few years hag the gineral
public becorme aware of the extent to
which 2sbestos exposyre ean caiisa
disezse. The long latency before tha
Apzearance of dinical manifectations
delayed the emergence of a signifi-
cant number of new cases until the
12608 and 19703 At the same time,
the media has publicized a burgesa-
irg nuraber of damage elaims Aled by
pelsuns alleging divease and @lvabili-
ty from ashestog €1pasure,
Oceupaticnal EAPCTUNG Lo asboiios
way occur during (1) mining and

Axtasics felated Cisersrg-Cognen o0 Scimnanfic Alsiy

Council on Scientific Aftairs

Jmilling of the ore, {2) the manufae.

ture and use of asbesios-gha tainfag™
products, and (3) the repair aad dem. #
olition of structures contining asbes- . ~
tos. [nsulators and other

SRy A

workers, such as paintery ﬂ;phé&fz‘
clans, are ly:g Count-
less industrial and consumer prodicty
(eg, electrical appliances and equip.
ment; braks and eluteh linings; fire-

- proof paper and textiles; water pipes;
.8iding and insulation materialy; foor

and ceiling tiles; and spackling,
patching, and taping compounds)
have ashestos ircorporated iy their
manufzetyre, 2

Recently, the US Envirgumenta) ¥
Protection Agency (EPA) has dj-
rected special attention to the inte.
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riors of schools and other publie
buildings that couid eontain friable
‘asbestos. In 1982 the EPA mandated
that all elementary ang secondary
schools be inspected and the informa-
tion be provided 1o employees
angd parent-teacher Ass0ciations. As-
bestos is ubiquitous in tpe urban
environment; it can be detected in
the dust on streetg and in public
buildings. Thus, the general public is
invariably exposed to small amounts
of material.

The asbestos-related pulmonary
diseases progress insidiously. Many
years elapse from Arst exposure to
the appearance of symptoms. The
pathological sequelse of asbestos
éxposure are irreversible and cap
progress after exposure ceases. At
present, there is no satisfactory treat.
mant; prevention is the only practical
way to avoid the disease.

QUESTIONS AND ANSWERS
What Are the Major Pathologlcal
Recsponses 1o Asbastos Exposure?

Interstitial pulmonary fibrosis (as-
bestosis) is one of the major adverse
health conzaquences of asbestos expo-
sure. Pleural fibrosig and “plaques”
often accompany but may oceur inde-
pendently of the Parenchymal dis-
ease. They serve as markers of expg-
sure. Malignant mesothetiomas of the
Pleural and peritoneal cavities and
bronchogenie carcinoma are linked to
asbestos inhatation. In some studies,
carcinomas of the larynx and gastre.

{ntestingl tracy (ie, the buccal cavity,

eropharynx, esophagus, stomach, and

colon} and }ymphep!asmocyu'c malig-

Bant conditions have been assoriated
with zsbestos exposure. %

Hew Doss Arbestosis Difter Fiom
Gther Formg af Fulmeaary Fikrosisy

Pulraenziy  fhrasis has  rauny
Cxuses, but in all cases zsbestos
thould be corsidered & possible causal
factor. Asbestosie has distinetive his.
tological features, particularly during
its ezrly stzges. The lesion begins in
the respirstory bronchioles; fhrosis
then progrecses to adjzzent pulrag.
PEry units unti] (ke lurgs are exten-
sively involved, ypieally, the lower
lebes are more soverely sflectsd and
fibrous thickening of (ke visceral
pleura frequently i3 found, A gmal
Proportion of fherg in tle ling

some encapsulzted with an iron.

504
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Protein cost and are referred to as
“asbestos bodies.” Large numbers of
Uncoated agbestos fibers are com-
menly found in lung tissue of those
who are occupationally exposed o
isbestos. Fibers are also present in
the lungs of the general population,
aithoygh industriaily exposed persons
tend to have higher concentrations.
Quantitative counts of fibers in lung
tissue cannot be used as a measure of
disease,

What Are the Clinical
Festuras of Asbestosis?

The diagnosis of asbestosis s facilj-
tated if there jg g history of exposure.
The patient’s lifetime employment
should be reviewed, with special
Altention to the individual tasks per-
formed by the Patient in the remote
past. The early stages of the disease
usually are ASymptomatic. As it pro.
gresses, complaintg generally include
the usual Tespiratory symptoms of
dyspnes and cough, with or without
Sputum production, as well as fatigue,
weight loss, and chest pain. In the
advanced stages, expansion of the
thorax js limited, and there are inspi-
ratory crackles an auscultation of the
chest, clubbing of the digits, and
Cyanosis of the extremities, Chest
foentgenograms at this stage show
fibrosis of the lungs, particularly of
the lower Ighes. Pulmonary funetion

t=sls do pot differentiate between
© ashestasis and other forms of polmeo-
" nary fbrosis. Cigarette smicking of-.

ten eamplicates intes pretation of the
results of pulinenary funetion tests,
The major sdverse effects of cigaretre
smoking on lung function is expiratg-
Ty sirfow ohstruction, whereas re-
duced lung vohymes and impaired gas
¢iffusion are found in patients with
asbestosis,

What Exposurn ts Requlred tor the
Davelopmant of Acbastosig?

Brief exposure 10 3 high-concentra-
tion of the fiber in ambient air ocea-
sionally resulis ip disease, Generally,
however, one myst irhale relatively
large amcunts of ssbestos for an
“xtended period. Fibeotie lesicns usy.
ally are pat roentgencgraphically evi-
dint unti) at leact Bve years after the
enset of expasure: mych longer peri.
ods usually are required. Werkers
bandling insulztion or Gther ashestos-
Containing products ard ctkers in the

Attestiog Rt

T gy

immediate Ares are Particularly a
risk. Casua) ang 3poradic exposyre, [
relatively small amounty of the fibers
do not generally produce pulmona.;-‘
fibrosis; however, contamination ¢
the household environment thy,
work clothes hag tesulted in asbegy,
sis among family members, Nonfri,.
ble products, which do not releas,
fbers into the air, are not danger.
ous.

Is There Any Rolnionthlp Betwaen
Fiber Size ang the Development
of Asbutos-ﬂolaud Dissase?

Asbestos fiberg vary considerably
in length and diameter. The butk of
evidence indicates that long fibers
(equal to or greater than 8 ym) play
an important pathogenic roje in
asbestosis and mesothelioma. Most
fibers in commercial products are
relatively short; their importance as 3
cause of disease jg controversial. The
techniques currently used to monitor
the environment ignore fibers losg
than 5 um in length. The current
Occupational Safety and Health Ad-
ministration standards da not require
monitoring of the short fibers.

Loss Asbesiosly Develop in
All Those Who Arg Heayily Exposed
for Extandag Perlods?

Humans appear to differ markedly
in thejr response to ashestos fibers,
which suggests that host factars may
L2 imrortang determinants in “resist-
&nce” o the development of pulmo-
rary fibrosis. Varisug immunc!ogic
abnormalities are hoted in persang
with ashestosis; hence, immune mech-
anisms might he involved in the path-
cgezesis. Inzrayeh 44 gEenetic mecka-
risms Kave been shawn tg Play & role
in immunolegic Pesiansiveress, iy jg
tonceivable thayp heritable traits in-
Aucnce sescentibiliny 1o the patholeg-
ical effects of #55est0g.

What Eftact Does Aebeslos Have
o the imimung Eyslam?

A viriety of immunolagic abnor.
malities have baen demonstrated jn
subjects with atbestosis.  Cell-me.
diated immunity s impaired, as evi.
denced by cutanesus anergy for certain
recall 2:d de nove antigens, Further.
mare, decreased numbers of circulat.
ing suppressor T eells and an incresse
in 1he ratio of T-Kelper 1o T-suppres-
sor cells kas beep found in some

ied Disersog— Cagnei 01 Scientfic Altalrg
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patients with asbestosis. Patients
often have elevated serum and secre-
tory immunoglobulin levels, serum
rheumatoid factors, and aatinuclear
antibodies. Although immunologic re.
actions might play a role in asbest.
ais, the evidence is circumstantis),

What is the Role of
Pulmonary Biopsy In the
Dlagnosis of Asbestosis?

In most cases, persons with a pro-
longed expasure to asbestos wiil have
physical findings and roentgeno-
graphic evidence that are sufficient to
establish the diagnosis. However,
Mmany workers are exposed to a varie-
ty of inhalants, and often the history
of exposure is either unknown or
vague. Thus, when the nature of the
lesion is obscure or when there i3 a
suggestion of other complicating,
treatable conditions, puimenary biop-
sy i8 indicated. Under thesa circum-
stances, histologic examination of a
specimen of lung tissue can help to
establish the diagnosis. The lesiong of
asbestos often have a spotty distriby-
tien when the disease is ejther mild or
moderately serve. Adequate sampling
*f the lung parenchyma is eritical,

id  open lung biopsy is recom.
mended. Transthoracic needle aspira-
tion and transbronchisl biopsies usy:
ally do not yield sufficient tissue to
permit a diagrosia

What Features In the Pulingnary
Blonsy Peimil the Sgecifie
Qisgncels of Asbestogig?

Diserete foei of flrosis in the wallg
of respiratory bronchioles assnciated
with accumulationy of ashestos bodieg
ire the minimal pathelogical fesrureog
that permit the dizgnosis of asbestq.
5. Although thece early morphologi-
tal findings are adzquate 1o estahlish
the pathological dizgnosis, they do
POt necessarily result in funetional
and roentgenographically appaient
2lterations. The demenstration of
ashestos Lodies in the ahzence of
fbrosis ig insafficient evidenca to
iustify the diagnesis of ssbestnas,
“rversely, a definitive diagncsis of
“shestosis czpnot be made in cacag
that show characteristic fibresis in
*he absence of asbestas bodieg, even

patient with a history of exXpo-

< Somae investigztors heljeve that
Hhestog hodiey ociasionally are not
Emonsiratle in furgs with fibresis

AR Ny 9 I924—Val 252, No. 18

¢aused by asbestos, but thjs claim has
not been substantiated by systematic
Pathological studjes.

Can the Diagnosis Be Estadlished
by Sputum Cytological Tests?

No. Asbestos bodies in sputum are
evidence of asbestos exposure, but
they are not diagnostic of asbestosis,
Similarly, asbesios bodies in broncho-
pulmonary lavage Specimens are not
diagnostic. On the other hand, rela-
tively large numbers of asbestos bod-
ies often are found in the pulmonary
secretions of patients with asbestosis.
Thus, asbestos bodies in sputum
sirongly suggest past exposure to
asbestos and reflect the presence of g
significant asbestos burden in the

lungs.
What Ig the Trealmont|
for Asbestonls

The asbestos-related pulmenary
diseases progress insidiously. There is
a long latent peried of many years
from first exposure to the appearance
of symptoms. The pathological se-
quelae of asbestog exposure are irre.

versible and can Progress after expo- P

Sure ceased. At present, thers is no
specific treatment; prevention of ex-
posure to friable asbestos iy the oaly
practical way to eontrol the disexse,
and geners! measures for the man.
dgement of any pneumoconiosis
should be pursied. (

te it Advisante to Change
Jobg Whan Evidenca of
Asbeoatogly Develops?

Persons with " a2zhestosis shou!d‘

eliminate furthap £Xpodure to ashes.
tas. This mlght ; equire changing jobs,
but Improved hygisaic standards in
the workplace and the use of personal
protective equipment, such 23 an
approved face mask or 3 tespiratar,
¢an mzke a change of occupation
unNecessary.,

Docx the Dlzasre Escome Yore
Sevire Aller Exposure Crases?

Reentgenographic changes in the
hing parenchyma have been shown to
Progress in some parsons after ashes.
tos exposure cessss. This has been
aitributed to ashestesis, but progres-
sive chronie branchitis and decreas-
ing pulmenary function may alss
relate {o other factors, such as ciga-
rette smoking 2nd the natural decling

AxLesiog Rezted Disenset--Caunni 01 Sciantitic Alfzry

in pulmonary reserve
with aging,

that oeccury

What Changes in the Pleura Are
Observed Atter Asbaestos Exposure?

Asbestos is unique in jts ability to
produce isolated lesions of the pleura:
these include effusion, fibrosis,
plaques, and mesothelioma (Figure).
The effusions gecerally are bilateral
and can develop many years after
cessation of asbestas exposure. They
can be asymptomatic, but often they
are associated with chest pain. Fre-
quently, the Auid is blood stained and
the protein content exceeds 3 g/dL.
Many months may pass before spon-
taneous resolution of the lesians
occurs, but recurrences are unusual,
Asbestos bodies are seldom found in
the pleura.

Pleural plaques are localized fibrot-
ic lesions that originats just below
the surface of the parietal pleura,
They commonly occur on the latera]
aspects of the rib cage and on the
dome of the diaphragm. Caleification
often is found in plaques of long
duration. Adhesions between the vis-
ceral and parietal pleurae are sel-

“dom present. Roentgenopaphicaily,
Paques appear as bilaterally sym.
Metrical, localized areay of pleural
“thickening. They have characteristic

pathological features. Diffuss pleural
thickening, often involving the costo-
phrenic angles, can develop with op
without localized Plaques. Postmop.
temm studies  show that  pleyral
changss oceur more frequently than
is apparent in chest roentgencgrams,
Pleural thickening is highly sug.
gestive of asbestns expcaure when
other pessible causes, such as trauma,
surgery, and infection, are sxeluded.
Pleural mesctheliomsag invariably
produce chest Pain, usually befcre the
appearance of sther symplamy. Even.
tually, either large nodular or lohu-

lated opacities Appear at the lung

margin, Roenigeragraphic evidence’
of pulmenary fbrosis is often not
present and is not required to eatad.
lish the diagnosis, '

There is ng satisfactory treatment,

Kew is tng Mzgnesly
af k-’{i.m!ha!!cma Establichag?y

Cytopatho]ﬁgica! evatiation of celly
in pleural Auig is dificult, and the
technique is not recolnmended fur the
definitive dizgrosis of rnesothelioma.

2535
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Incisional biopsies of a mays in the
pleural and peritoneal cavitjes usugl-
ly provide sdequate material for
pathological study. The histopatho-
logical diagnosis of mesothelioma cap
be difficuit, since other neoplasmg
can mimic these tumors. In addition,
these lesions exhibit a wide range of
morphological features. Thus, the
diagnosis must be one of exclusion.
Special histochemical, immunochemj.
cal, and electron microscopic tech-
niques occasionally are usefu) in the
pathological evaluation of mesothe.-
lioma. Panels of pathologists have
been established to assist in the diag-
nosis of mesothelioma.

Do Plsural Plaques Davslop Inlo
Malignant Mesotheliomas?

Persons in whom malignant pleural
or peritoneal mesotheliomas develop
frequently have coexistent pleural
plaques. On the other hand, the
majority of persons with pleural
plaques do not experience the devel.
opment of malignant mesotheliomas.
Pleural plaques are not believed to be
premalignant lesions.

Can Mesothellcmas Deveiop
Afler Either Translent or Casuai
Exposure to Asbestos?

Mesotheliomas are a rare form of
cancer. They have been reported in
persons with only lmited exposure to
tshestos in nenoccupational settingy.
For example, on rare occasions these
tumors have developed in household
contacts of ashestos workers and in
persons who have visited o resided
near ssbestos mines, milly, factories,
snd waste dumps. Although it is
conceivable that sshestos exposire
was brief in these cases, it rmay have
bzen beavy., The ovelopment of
mescthelioma Is not aswocisted with
cigarette abuse, Most, but net all,
cases of malignant mesciheliomas sre
ashestos related, Nevertheless, in g
published series of cases, from 119 to
16% of patients with mesothelioma
do not have a history of EXposure.

Are A Commrercigl Types
of Azbeatog Equally
|Hu&rdous to Humang?

It is generslly #ccepted that the

three mejor commercial types of
azhestos (chrysotile, smosite, and cro-

cidolite) are capable of causing pleu- -

ral plaques and interstitial pulmo-

2566
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% of Exposed Employees

’o‘-—

o —
20-:92 za[-as 4049 -

Years Since Firs! Exposure

Clinical occurrance of YALIOUS ASDaSLOS-as30C
ly ®xposed 1o airborne mineral fibers. Da

Hled l310nS AMONg INAuSIngl workars chiomical-
ts are based on Phrscal examinations and

fodntgencgrams oblamed syslematically dursg 50-year penod (rom Epler et a1},

Age-Siandardzed Lung Cancer
and/or Occupationa! Exposuce

No Smolung and No Cecupatonal Exposure 1o Asbestos Dust*

Deaih Rates for Cigarene Smaoking
to Asbesios Dust Cornpared Wih

History of
Exposurs o Cigatalte Death Martylity Mortalty
Groug Asbastos Smoklng Rate Ditfarwnce Ratio
Controt MNo Mo t Q vo
ALbinlos workers Ym No 58 47 52
Contral Na Yeos 123 1 10.9
Atbeuion workary Yeos Yes &02 590 532

“Rals per 100,600 MAR- Y73 Slanclaraed or age on the distrbubon of the man-rears of 5§ 0w ssbesiog
workars. Mumbar of hung cances deaths bated on Seath certfcate nforrason. Tabie eproucad wnih
Pt sion kKom the Annals of e New Yook Academy of Scences.'?

nary Abrosia ’5 There is, however,
eansiderable dehate regarding  the
relative carcinogenie potential of the
different ssbestos Rher types. The
conlroversy stems frem the fact that
-2l eommercial varieties of asbestos
“induce mesotheliomzs in expirimen-
tal animals, yet the carcincgenic risk
£p0oars o be much gicater fur croci-
dolite than for chrvsotile, with the
risk for amosite being interr.ediate in
severity.

Docs Clgara!te Eroking
Influence the Reveiopment
of Askestos-Ralsted Ditecse?

There is no evidence that srmoking

predispases & person to either the

development or the progression of
pulmonary Bbrosis and mesathelio-
me. However, gmioking can decrezse
pulmorary function znd compromise
cverzll health,

The syrergistic effect of cigarette
imoke and ssbestos exposure greatly
incresses the risk of bronchogenie
carcinoma, a3 evidenced by a compar-

ison of the mortality ratios in the
Table. Whereas the lung cancer death
rate for the ponsmoking ashestos
worker is five trmes that of the
conirols, the asbustos worker wheo
smokes is subject to a  53.fold
tocrease. A carcinogen in its own
right, ashestos appears to act as a
vocarcincgen with cigarette smake in
the pathogenesis of brenchogenic car-
ciroma. The effects of esbestos.
related diseases and eigaretie smoke
ing are synmergistic or multiplicative
rether than additive.

Patients with sshestos exposure
must be counseled on the risks of

. tontinued smoking.

¥ihat e the Likeihong That
Eronchogenic Cerclnama
Wil Derelop in »
Fatlent With Asteelosls?

Most epidemiologic studies of work-
ers expoced to ashestos (Table) have
failed to relate the orcurrence of
brenchegenie earcinoma specifically
to the pressnee snd saverily of askbeg.

Asbestes-Ralited Discnteg - Councd on Sciorsific AHzirg
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tosis. Recent investigations in the
United States and Great Britain have_.
shown that about 20% to 40% of
patients with asbestosis will die of
cancer of the lung. As might be
expected, the majority of these per-
Sons are smokers, Ie most case stud-
ies, thers is an increased prevalence
of adenocarcinoma in those with
ashestosis.

What Risks Are Assoclated
With Drinking Water
Containing Asbestos?

Asbestoslike mineral fibers com-
monly are found in drinking water
sources throughout the United States.
The material comes from rock out-
crops in watersheds and, to a variabie
extent, from refuse dumps and asbes-
tos-containing water pipes. There is
no evidence to indicate that ingested
fibers are responsible for disease in
man,

How Effective Are tr s Current
Enginesring Controle &:..d Personal
Protsctiva Devicas In Raducing the

Risk ot Contracting an
Asbertos-Aelated Dizease?

Attention to engineering controls
‘¢h as ventilation and remote han-

"~ -ng of asbestos as well a5 improved

housekeeping in the workplace have
made the federal standards for air-

- borne fiber concentrations attainable,
Thase approaches should be the pri-
mary means of control.

Face masks and respirators ap-
Froved by the Nationgl Institute for
Cerupational Safety and Health re-
duce the risk of inhaling ashestos
fibers {f they sre fitted and used
properly. Too oftan the worker—znd
his supervisap.—ig vimindful of the
importance of a gxd Bt to the face
2nd of the noed to keep the interior of
the rask clean, When rmasty znd
Pesplizlors are pot ysed properly,
they ¢regte a false serse of sacurity.
Personal protective devices are eiten.
tial when all other msasures either
fail or are impractical, They should

A 1y 9, 1584yl 252, Mo, 18
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" Are the Current Standards 1or
Alrdborne Concentrationg
of Asbeatos Fibers in the
Workplace Sufficient 1o
Prevent the Development
of Asbestosls and
Asbestos-Assoclated Neoplasms?

response relationship between asbes.’
101 exposure and the development of
disease. It is likely that today’s regy-
lations protect the worker from
asbestosis.

The existing standards of the feder-
al and state regulatory agencies seek
only to establish guidelines for a
“reasonably safe” level of exposure
that is not likely to prodice disezss
during the lifetime of & worker. The
basis for any standard s the avail-
able medical and scientific evidence
and a consideration of the societal
and economic impact of the stag.
dards. Technological feasibility of
control measures and the availability
of analytic procedures are othep
important considerationa.

What Can the Phiyelclan
and the Genaral Publle Do
Whan Thay Bacomae Avwirs
ef & Potantially Hazsrdcus

Source of Arhsgtug Exposure?

Workers should be advised of their
rights under the Oceupsational Safety
and Hezlth Act of 1370, They, ot theip
representatives, are estitled to re-
quest a harard evaluation revie. by
the Natienal Iastitute for Oavupa-
ticnal Safety snd Heslth and an
inspection of the work site by a
federal or stata minplizrce oner,
Under the Jaw, the Peison who ini-
tiates the report cannat be penalized
by his employer for deing so.

The general public e2n seok #3573t
ance through the EPA, the Consumer

Arkyrtns-Relsla Poes coe—Counc on Slionl S ANgicy

ang the
depart-

Product Safety Commission,
ocal or stats public health
meot

Do the Commonly Used Asbestos
SUbnitutu. Such as Fibrous Glass
and Minaral Wool, Cause Diseases
Simllar tg or Ditterent From Those
Assoclated With Asbastog?

To date, there is no reason to
- believe that fibers of glass or minera)
*wool cause chronic pulmonary dis-
ease. The effects of inhaling these
fibers are reversible. Since their
introductioa in 1960, ultrafine fibers
$(<5 um in diameter) have gradually
replaced those having 2 larger diame-
ter (6 to 8 um) and are now the
standard of the fiberglass industry.
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