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: Chapter 1 5

Occupaﬁoﬁdllung Disease -

A. BsGibbs:

Zenker first comed the term. pneumocomoszs for lung
disease caused by mhaiatmn of dust. Today many

different foxms of. pneumocomoses are known each -

the lungs: to. inhaled mmerals or'organic dusts ex-
cluding: asthma, ~ bronchitis’

widely to encompass any pulmonary Teaction:to

inhaled-particles. from an mdusmal .source. The-

exposure.may not necessarily be by direct exposure

t6 2 particular mineral within an iadustry biit can be -

from nex,hborhocd or domestxc (paraoccupauonal]
exposures. - -

The damage. caused by mhalatxon of d.xfferent
types of mineral particles varies according to:the
cumulative expaosure, size, shape, surface properties,
and durability of the particles. It should be realized
that minerals given the same namé but’ ongmaung

from differerit locations and. processes may vary in.
pb.ysxcoqhemcal properties and thus biologic activ--
ity. This-is: partxculaxly unportant w1th regard to'

asbestos and talcico i/ _
Immunologm processes are also mvolved to'a

variatile extent inthe response ofthe lungs to mineral
exposures Tb.ey; are: xmportant for example, in
chronic ‘berylliosis: and- extrinsic alleralc ‘alvedlitis:

Also‘individual variahility . exists in deposmon and
retefition of particles.and the. presence of other dis-
eases feg:/ rheumatoid dlsease) can’ mod;fy the

responseta the depesited particles.

‘Clearance mechanisms are important. It has been .
esumated that a nonsmoking city dweller inhales -
about 1g'of partxculate matter. each year, about half of -

which is-depasited in the respiratory tract. Without
efficient clearance- mechamsms the: lungs of an indi-

* vidual would “silt up” at a young age. Smokers -

inhale even greater quantities of partxculate mater-
fal—about 150 g/y from 20 cigarettes per day.*

afid “émphysema,’ -
whereas-others,. including myself, use the terni'more- -

DEPOSITION AND'CL‘E'ARANCE oF'PAénCLés .

- Airborne particles possess arange of shapes and may
.. exist individually or as aggregates and this will affect :
., their deposxuon in ‘the ‘human respiratory . tract,:
“‘Particles that are near to a sphere are designated com-

authors rest:mctmg itto the nonneoplasfxc reaction of :.. .
. pact and those ‘thathavéa Ien,,th-to~breadth ratio of :

3:1;0r greater ‘a$ fibéts: Some authorities require a
minjmum léngth - of- “Spm -to desxgnate a -particle’”

fibrous. Parb.cles are’ deposxted in: the-respiratory =~
tract according to their-size, density, shape'and aero- -

dynamic propemes and‘'by the volume of each inspi-

ration.®®* THose in the size:range of 1 to Spm
i aerodyna.mxc equwalent diameter (AED) are the most

likely to deposit in the lung parenchyma. Particles of |
extreme shape sich as'fibers and plates.and. particles

- of very low den51ty 'show a: greater tendency .to .
deposit in the airway walls:'The. likelihood of fiber

deposmon withiin the lung depends mainly on-the .

" - diameter because those “with" dxameters below 3pm a
align. axjally within'the ‘air‘streamn.® The majority of \
" -fibers.that dep051t in the lung have diameters less °

than . 3y.m but ‘mdy exceed 200pm in: iength Short .

- fibers {<Sum i length) reach-the lung: parenchyma

more readily than long fibers {>Sum in length) .

- because the latter exhibit greater aerodynamic drag,

- which increases impaction, and sedimentation in the
- larger airways. Aggregation of pacticles-sffectively, .
" increases their AED which will reduce deposition
withiin the respiratory tfact. Particle size also mﬂu~ :

ences the toxicity ofa mmeral
The pattern and rate of “breathing aJso mﬂuence

particle deposition. Because the internal volume of
the airways increases with successive generations,

the net effect of normal breathmg at the level of the-
reépiratory bronchioles is that the(forward air flow
virtually ceases. However, with heavy exertion- ‘the
flow velocity increases and this increases the deposi-
tion of particles—in the 1 uppet’ ‘airways by impaction
and within the smaller dirways by sedimentationand .

461
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462  SPENCER'S PATHOLOGY OF THE LUNG

diffusion.” The nose is more efficient than the mouth
at removing particles from the air. All particles
greater than Sum in diameter are removed from the
air by impaction in the nose. Mouth breathing in-
creases the number of particles that can reach the
lower respiratory tract.

Clearance of particles from the lung depends on
a number of factors including the anatomic site of
deposition, particle solubility, particle size and
shape, the efficiency of the phagocytic system, the
presence of fibrosis, and cigarette smoking. Soluble

particles dissolve in the lung secrstions, but insolu-

ble particles” within -the acinus either lie fee or

within macrcphaaes and may then move to the cili-

ated epithelium whereby they can be cleared by the
mucocxhary apparatus.- Some. parucles within the
acinus, however; “may . penetrate epzthehal mem-
branes and’ entet the interstitum,*° which is more

likely to ledd'to fibrosis: This i is pa.mcularly hkely to
happen when the'macrophage system becoiries over{' ,
loaded by heavy:dust burdens. The parhcles Tocated |

within the intestitium:may.gain access tq the vascu-

lar and lymphati¢'systems and may then be carned o
" pathogenicity ofa specxﬁc mineral shotild be done in

other drgans; the visceral, plgura, or regidial lymph
nodes. 1 This is reflected. in the black outlmmg of

subpleural’ lym‘phauc -pathways observed _in the
lungs of wban dwellers and caal, workers. Thereisa -
greater reténtion of large compared to small compact :

a.nd ﬁbrous patticles within the Jungs. Also the pres-

encé of fibrosis within alung interferes with compact .
and- fibrous :particle clearance. Tobacco smoking -~
mucotilidry-action and.possibly. macropha,,e func- PAT‘ERNS QF DfSEASE
tion:****  Substantial ‘gvidence .indicates that for-

mz{ny lunc diseases caused by mmeral parhcle expo-v. :
* gamut of pulmpnary pathology Jable. 15-1 gives

: examples 8 A pathologistconfronted by almost any

impedes particle ‘clearance by .interfering with the

cause pulmonary changes. Also the experiments
often utilize relatively short high-exposures. that do
not reflect the lower long-term exposures that accur
in human beings.

Intratracheal e\cposures result in a very uneven
deposition of mineral particles quite unlike that
occurring in the normal state. [nwapleural and
intraperitoneal peocedures bypass the normal
defense mechanisms and deliver considerably higher
doses of a mineral to the mesothelivm than would
occur in life. Mesatheliomas might occur in seresal
membranes when a -fibrous particle is directly
implanted, but this is irrelevant if the particle cannot

" normally penetrate the membrane.

.Inhalation studies are the most appropriate, but

' great care has-to.be takerm in conducting these; the:
. mineral used should be well charactenzed and sized,
- dosage-should be appropnate and simiulatélong-term
 human expasures, and appropnate ‘controls should. - .

be used. Unfartunately, ‘well-conducted ifihalation - -

- studies- are extremely expenswe and techmcally
*  demanding.- :

lnterpretauon of i’ v1tro ‘and‘in vivo data on: the :

" conjunction with. the. human epxdemmiogxc,_patho -
" logici and pulmonary rainéral burdén’évidence. It is

sure;,it'is the retainied mineral particle t burden that is

lmpOttant in pathogenesxs -

IN VfTRO AND IN V!VO STUDIES

Experxmental studles pmwde useful mformatlon

EEE S N

concerning the -effects of mineral’ gxpasures ion ‘the .

lung 'and pleura.'* However when considering ther -
value of in vitro and {n.vive éxpériments with min- -
erdl particles in relation to the likelihodd of develop-..
ing human dnsease, certain limitations-and criticisms -

should be kept in mmd e Experxmental procedures

usk artificial “pure”.and heavy exposures‘to a partic-. .

ular mineral, .often. causing overload of thé macro-.
phage system in animals. It should be realized that in.’
such heavy doses even relanvely mert d&sts can,

implortant that ynjt uﬁed conclusxons should riot be

_ made about human ¢ consequences of éxposure to a -
mineral-only from in vitro and in vivo studies: They

should be reuarded as] sc:eemng procedures

Ty

Mmeral exposures ‘can produce almost the whole

.- form.of pulmonary disease should consider minetal,
' expasures in the list of etidlogies. Of course, some

types of pulmonaxy patholovy are more closely asso-
ciated with. mmeral exposures than others When a .
subject. develops a pulmonaxrdxsaase ‘a good and N
complete occupatxonal Histoty from commencement'
of work is essential becaise the pathologic sequelae
may not develop antit ‘sevéral decades after exposure
(latency). The occupatmnal histories ofrelatives may
alsg.need to.be ascertainéd because some diseases
{e.g., berylligsis and mesothelioma) may result from
indirect.paraoccupational exposures. Also it may be
necessary to ask about hobbies and pastimes because
these can result sometlmes in-exposure to. hazardous

mmerals

HWBUI000921 1
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TABLE 15-1 '
- Types of Pat}zo}onc Reaction ThatMay Occur with Various Minerals
Compartment : -,TypeofReacnon ) Examples -
Axmays c - Asthma Co \'.,.-Isocya.nates, metals.
o IR _Bronchiolitis nitrogen dioxide
‘Afrways—parenchyma " - Centrilobular dust
. T - ‘accumulations : s oL
Slight Fbrosis Coal, kaolin, talc, mica
* Moderate stellate Silica plus silicates ot *
: :- fibrosis 1 S
‘Marked circumscribed Silica
) ¢ - fbrosis I s
L * " Diffuse interstitial fibrosis Asbestos, kaolin, talc .
o " Extrinsic allergic alveolitis Farmer'slung =~
T .. Sarcoid:like - . Beryllium .
Parenchyma. - . | Diffuse alveolar damage’ Toxic fumes
Fe ) Asbestas, silica, sxhcates
PR - Hard metal '
U T A_',Pulmonaryalveolar ) Silica . v
' : - pro_temosxs -
L el Emphysema ~ Coal, cadmium :
" Diffuse—random-? . - _,.'PNEF . " Goal, kaolin, tale:<- - ¢ '
e o ‘:‘Cam;i,rioma Asbestos, nickel, arsenic
o ... Infection _ Tubercle in silicosis-
- Pleura T . - Benign effusion - “Asbestos
AT T ©. = Plaques ‘Asbestos; tale, ¢ -7
o wollastonite
" ‘Diffuse Abrosis - _Asbestos
Mesothelioma _ Asbestos - . ... e

D= da;qua.mauve mtarsuual pneumodxa. GIP ='giant calt interstitial poeumonia; PMF = .. .

progxesswe mssswe ﬁbmsls

R

GENERAL APPROACH TO INTERPRETAHON -

- OF PATHOLOG:C SPECIMENS:;

aneumocomoses have 1mportant connotanons
medlcolegally :and-a careful. macroscopxc ‘examina-
tion and recording of lesions fram specimens of lung
‘and pleura s essentxal +if - the.pathologist wishes
to_avoid “considerable’: difficilties. ‘and. potenhal
‘embarassments later or. Often correlatmns between

:pathology and radxology and lung function tests will

“be nbcessary to correctly diagnose and attnbute dis-
ablhty or death to-a mineral exposure. It is wise to
retain lung tissue from such 'cases for a cousuierable
penod of time, if possible, because sometimes. issues
are raised that wers not initially’ consxdered

‘Adequate sampimg for histologic. exammauon
should be perfermed It is unportant to’ take samples

.from ma,ny a.reas of the Iung and to- mclude back-
;_’ground fung';
._-__occupatxonal cause’ for tumors Itis necessary-to.sam-

ple from areas away’ frowi ‘thé ‘turhor’and preferably

well as. tumor When' cansxdenng an

from the other lihg to evaluate fibrosis, when tumor
is present. At least one bloek should be: taken from
each lobe to include the most abnormal, normal, and
intermediate areas and.at least one block from the -
major airways, pleura, and lymph nodes. Table15-2
is"a suggested schema for evaluating, andmecordmg
macroswpxc ﬁndmas of the lungs and pleura.’”:

" The'microscopic asséssment: follows the usua.l
procedure for any pulmnonary disease, pamely, first of

all & low-power examination: :to. decide which
-anatormic c;ompartment the disease is in- followed

by hlgher-power examination to -characterize -the

nalture of the cellu!ar and any pamculate component.

HWBUI0009212
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464 SPENCER'S PATHOLOGY OF THE LUNG
TABLE 15-2

Macroscopic Becordmo of Luncr Diseases
Associated with O_gcypthona] Exposures

Primary dustfoci -
Average size {grade D~3)
1=1-3mm;2=4-5mm; 3= >5mm
Profusion (grade =3} "
Propartion of lobules involved:
1= <33%; 2 = 33-66%; 3 = >66%
Secondary dust foci .
Number of stellate foci according to size
Number of round foci accordmu to Size
Size of PMF lesion(s) o
Emphysema
Type
Centriacinar, pa.nacmar megular o
Severity (grade 0~3) '
1= 1-3 mm; 2 = 4-8 mm; 3==>$mm
Profuslon {grade0-3 = . ... . -
" Proportion of lobules mvolved (sumla.r to dust foci)
Interstitial fibrosis - . . .
Sevetity (grade M)—mxcmsccpxc
'Extent (grade 03} .
1 = up to 10% of the lung- mvolved
2 = involvement of 10-25%.
3 = involvement of >25%

PMF = progresswe massive ﬁbmsx.s

Source: Modified fram Gibbs and Seal,” courtesy of the editor of - .

Journal of Clinical Patﬁolovy

In some cases the pathologm examination mll

“not provide the complete, answer to diagnosis and
:vatribution-and mmeralpgxc exammatxon of lung tis-
."sue will'be:advantageous.™® This has'beeh uséd tiost

" -&xtensively in-, asbest:os—related "diseases but it can

-‘also provide: useful mformanon in assessma silicate-
and metal-induced dxseases '

SIUCA R ﬂ

- The word szlxca is denved from Lhe Lann noun ‘silex,

-af flint,"a storte that.contaifs silica [sxhcon dioxide).
"'Pneumocomems caused: by. the inhalation of dusts

: contauung a lafge proportion of silica is called silico-

Csis anditisa disease as oldas the history of man him-
self. Tfutil the: discovery of the-tubercle bacillus by

B Koch in 1882, silicosis was confused with taberculo-

sis, 2 disease to-which:it predisposes and with which
it is often associated. Because silica and silicates are
the most common constituents of the earth’s crust,
dusts containing them constitute an important oc-
cupational hazard in mining and innumerable

"and flint, the foffner hydrated form being foun
Adxatomaceous garth (kieselguhr}. These are relanvely

industrial  pracesses. Historical evidence. of
pneumoconiosis, ‘including * silicosis, has been
described in Egyptian mummxes 1% Bohemian miners
in the sixteenth century,” and’ stone cutters in the
.eighteenth ceantury.?® With * the coming of the

. Industnal Revolution many new trades deveioped in-

the United Kingdom; the danger of occupational dust

" inhalation was not apprecxated and the-incidence of
silicosis rose. It was during this period that accupa-
‘tional diseases first began to be studied seriously: In

.. 1831, Thackrah began a study of longevity of British
. workmen in dustv trades and found that sandstun.e

.. .workers died on average before the age of 40 years.®
.~ The frst- use of the term silicosis has been credited to
» Viscoun ‘in 1870.* The South African authorities

.and investigatars provided several | important reports .

oo the prevalence of disease in gold miners-and inau-

gurated compensation schemes and improved venti-
lation systems at the mines in the first 28 years of the
vwentieth century.®® Just after the commencement-of -
“thie ‘twentieth century sandblasting with silica was

introditced, which resulted in many cases of a partic:

ularly filminating form of silicosis.”® In the United

States 4t Gauley Bridge, in the early 19305, silicosis
affected- a large number of tunnelers.*™ These cases

< led ‘tothe establishment of occupational .dust stan-
dards. Regulations have become increasingly tighter..
in developed countries over the.past 50 years. Cases *

of -silicosis are- still observed although they are

uncommon. In underdeveloped conatries the dxsease‘

is still a significant problem. = -
The effect of silica ifthalation on the lung

depends on the "dose and duratitn of expasure, the.
-size of the particles, the mineral form (polymorphj,’

the presence of associated minerals, individual vari-

abilify. ‘andpresence of miycobacterial’ infection.’
Relatively high exposutes to: finely: paxtxculate,@hca

‘dust, such as has occurred in sandblasters and silica
flour workers, ¢an‘lead to the acute form of sxhcosxs

:.(ahcoprotemosxs) whereas prolonged: e"cposure 10
- lowet do‘s s-cah lead to the typical. chroni¢ EormLpf
‘stlicosis. Silica éxists naturally. in crysta.ume'

amorphots farms. :Amorphouis. forms. include opal
Ry

nonfibrogenit udless heated. to. high temperatures

."when the ‘crystalline forms, cnstobahte and, tmdy-

mite, are produced. There are-several natural crys-
talline-forms, which include g quartz. the dost
common form and which is usually meant by “the
terms silica and quartz. The others are tridymiite,
cristobalite, stishovite, and coesite. The latter two
forms are very rare. Tridymite and cristobalite are
formed when quartz is subjected to high tempera-
tures, for example, in refractories; experunentally it

HWBUI0009213
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: TABLE 15-3 S

Generally -chronic: (classxcal -or. nodular). sﬂxcosxs
develops after more than 20 years of .exposure;
uncommonly- cases develop within 5 to 10 years of
exposure: when the term accelemted sz!zcoszs is used

entof the rad.mlobxc opacmes

2y
progresses swith' the:
Radxographic and ﬁmchonal

b ormalmes corra[ate

s

Manufacture of gldss pottery.'and ceran'ucs

Manufactum of refractcnes " o T s R
Manufat:mre of' abraswe powders R PR
Endinelisg T
Boder.scalmg ’ : : L
Steel manufacture

Rubber industry-
Processing of diatomaceous earth

.ma;onty of - casas

-parenchyma. The hilar lymph nodes typically

nodules (Fig. 15-2) which is responsible for the "egg.
o
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with cumulative exposure to respxrable ‘silica 299

""" tiop- ofe exposure and

and silicatoses, 3
trast fo coal worker's pneumocomosxs,—
sema is not 4 featute of silicosis. T pléural surfaces -

frequently’ show firm Sbrous: ‘adhggions to the chest . "

wall and there may be areas of pleuyal thickening. In.
the earliest stages of the disease the nodules wdlbe_
observed in the. subpleural tissues and- as: thedi
progresses they will‘be seen in the'’ remam

az:e '
enlarged and contain whorled, hard, often cachﬁed_

shell™ calcification  often present ‘in chest ad
graphs. The.changes in the lymph- riodes - develop ‘

‘before those in the Iu.ng and if nodules are” absent

from the lung. the diagnosis of sxlxcosxs should not be :
made. BN -

chroscopxcally. the well~developed sxlxconc.- :
nodule, which is the hallmark of exposure’to’ dusts
with a high percentage of silica, consists of concen-
tric layers of hyaline fibrous tissue at its center witha
peripheral zone of dust-laden macrophages, BBro-
blasts, and chronic inflammatory cells 6f variable
width, which extends out irregularly into the adja-
centinterstitial tissues®® (Figs. 15-3 and 15-4). The
center of the nodule can exhibit necrosis a.nd calgifi-

HWBUI0009214
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" FIGURE 15-1 ~ -
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Gough-Wentworth whole lung section from a North Wales slate
. worker shows numerous silicotic nodules with an area'of pro;:-
gressive massive fbrasis focraed by conglomeration of nodules.in
“the upper lohe, s . ' -

-cation. The necrosis is usually a consequence-of
.ischernia from the formation of nodules cblitérating
pulmonary arteriolés ard perivascular lymphatics.
Even so, wheinever |conspicious necrosis is-seen,
‘even in the absence]of granulomas, direct staining
and culture for acid-fast bacilli should be performed
to exclude mycobacterial infection. :

The evolution of these silicotic nodules has been
traced in animals and man. The earliest lesion con-
sists of collections of free dust pasticles and dust-
containing macrophages situated in the alveoli and
interstitial tissues around the respiratory bronchi-
oles; alveolar ducts, septa, and beneath the plevra.
This is followed by the development of reticulin and
collagen fibers, at first irregularly, and then at the

466

FIGURE)S-2 ..

The tung of a Stane
wharled radules. - -

Numerous rounded. well-demaccated nodules in

Norch Wales state wacker. {Low power)

the tu-ng'g.).fa h

HWBUI0009215
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center of the lesions (Fig. 15-5)W1th progression the

I ICR I » 5 - . - -
-céntralzone takes.on a concentric laminar arrange-

‘mient -and-the dust-containing macrophage$’ orient
peripherally.- This leads.to obliteration of the bron-

“chiolar and' vascular archifecture. Often nodules at
- different stages.can be visualized in the same lung.

Undér polarized -light the mineral particles at the
centers of the .nodules exhibit dull birefringence
(quartz); whereas those in the peripheral zone'exhibit
Strorig birefringence (silicates and quartz). From the
abaVedescriptionit will be appreciated that silicotic
lesion’s arz'much more fibrous than thosé seén in coal

" workéf's pnsumoconiosis. o
g ... . o ST

i . .-

o

e = 3 . 4
EonasiaaT

4
R
e T

Tt o ‘Z"‘:"‘.‘J =
St

A

" INTERSTINAL FIBROSIS: - B
..-‘Oﬁ' microscopic examma én of lungs of .-:,s_'p_bj;efcts
exposed to silica and silicatés it is not uncomumoen to ©

Chapter15 ! Occupational Lung Disease 467

N 24
}
,1.' P
% . .
FIGURE §5-4 L y e

. & silicotic nodule shows central necrosis

with-calcification, an interinediate.zone
of circumfersntially arranged collagen,
“ .and'ad paripheral.zope of dust-laden”
". macrophages interminigled with inflain-
matory cells. (Low power] . - -2

e,

find foci of interstitial ‘Hbrosis in-g@ddition to.the typ-
ical silicetic’ nodules.” ©ccasionally the interstiial
fibrosis is sufficiently “severs to ‘be associated with
honeycombing. The precise contributions of silica

‘and silicates tothese lesions:have not been clarified.

‘Rheumatoid Pneumoggniosis ~
In subjects with: the rheumatoid. diathesis the nod-
ules may develop more-quickly:and become largg and

A . -
- - . e Lt

FGURE 15-5 . RV L
An “early” silicotic nodule in a North
Wales slate warkar shows alarge collec-
tion of dust-laden macrophages and -
inflammatary. cells with fibrosis at the
center. (Low power.} -

HWBUI0009216
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‘468  SPENCER'S PATHOLOGY OF THE LUNG

set within a background of relatively sparse small "
nodules, as they do in- the Caplan form of coal
worker’s pneumocaniosis. This has been described *

in association with sxhca exposures ofi rare occa-

sions.
Interestingly, it has been claimed that there isan
increased incidence and prevalence -of rheurnatoid

arthritis, systemic lupus erythematosus. and- sclem- .
derma among workers expased to silica, but not ‘niec-
essarily in the presence of silicosis, possibly due'to’
the unmunologxc abnormalities set off by the expo-

sure.*¥3* Others have not found thisto be so S

chthogenems

In.vitro and i in'vive studaes have shown that the tox- -

ca
size and surface’ ‘properties.’® As the parncle sizedis- -/ te.;':masng fs 1:5:35‘32::32&1
tribution dxmxmshes the cytotoxicity increases. The

crystallinity of the particle’s surface®reflects’ the

icity of sxhcaan.d its polymorphs dependson parucle

silanol and ionized silanol groups; the former deter-

_ mine mineral-cell attachment and the latter deter-  °
mines the interaction. The, prasence | of trace metals, " _~
such as iron.and aluminium, within the silica parti- .

cle'can modify the suzface mteractxon by blockingthe

- jonized silanol- groups, which results in a lower

fibrotic resporise, A key eventis the.up take gnid inter-

" action between the silica par&cles &nd macrophages _

which causes da.mage to lysosomal membraries. This

causes release of chemical dttractants; which in-

crease macrophage production and release. Death

_.. of some of the macrophages causes releaseof the sil-
iga partxcles that. are then rephagocytosed by more
" macrophages. “Some-of: the macrophages, hawever, -

will survive and carry the particles to. ather parts of

. the lung. There is evidence that polymorph neu-

trophzls are also involved in the inflammator
process and that there is direct damgge’to’ type

pneumocytes in the centrilobular locahon in-the:

early phase.®® Macrophages containing quartz ar

" found in the bronchoalveolar lavage ﬂuxds -of sili- ‘
catics and the percentage increases w1t11 duratian of ‘
exposure.’” Macfophages and neuu'ophxls damidged

by silica can release oxidants, which can #é$ult in

degradation of connective tissue components < f jthe e

lung and epithelial damnage.’® The macrophaoe
release factors, such as mtetleukm 1;

lates helper thymus-derived lymphocyte and Eibro-r

blast growth factors, which may lead to’ fibrosis. 3

The specific roles of these various factors _and hcw '

Lhey mteract are sull being elucidated.

SIUCOSIS AND LUNG CANCER
Thiere has been cons:derable debate for several years .

about the carcinogenic potential of crystalline sil-

- Jung tissue can be helpful in determining the etmlogy :

phaoocytosu a.nd clearan' i

ica.**** Experimental. studies have shown carcino-
genicity in the rat but iot the hamster or mouse®? and
‘this has been linked to fibrogefiesis. Human studies
have provided conﬂxc ing results and bave been dif-
ficult to: mterpret be ‘of confoundmg factors
such as.tobdcco.u ge, radon -expasure, and other

- industrial carcindgensithgt have not been adequately

consldered A receqt revi w'.of the sub)e_c;_t concluded

pidly- over a few years. Clinic; re is breath-

“lésshéss and thechest radibgraph rasefables that of

edema.
It .is characterized by ﬁlhnu of the, alveolar

spa.ces with granular, eosmophﬂlc -material . that

_stains posmvely with the: ‘pericdic 4¢id-Schiff {PAS) :

. reaction and is also Fich in lipid (Fig. “15-6}. There is

hyperplasm and metag!asza of the type T preumo- (-

.......

.-Cytes and an excess of thése cells has:been found on
: bronchoalveolar Tavag

34 Ji-is similr;to idiopathic
lipoproteingsis ‘it tends o show more; interstitial .
inflammation‘and fibrosis; which-isisaid:to be a.use-
ful differential chagnoshc feature. Well-deve}.oped
- silicotic nodtiles ars usually absent: although there
-may be focal collections of dustdaden macrophages
with -slight “amotnts -6f -central:-fibrosis - present.

- Polarization often, but not'dlways, shows large num-

bers of birefringent parncles Mineral analysis of the

pa:ticula:a ma.tter N

1mp1yconcmmtante'cposur )

‘o’ sﬂxca in. combmjmo ~with less ﬁbwgemc dusts- -
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AGUREISS .
“Acute silicoproteinosis shows a granular .
= acallular infraalveolar exudate, (Low
- power.} T

R EPE A :_h"’)';v;: P S R LA P PR
- clinicopathologic features of these pneumyoconioses
- *show many similarities: . - T

N “

: -:Kaolin.Pneumaconiosis . .. . T
Ry e, o SLS nt-siess.tan 107 gaglin or'chira clay- wasidiscavered.in a hill of ex-

gme ‘ways:it 1 afgﬁCIal':éﬁﬂa??On " fruded graniteii'Comtwallin Great Britainidin 1756 by . -
A ese lesions are frequently found dlongside  william Cuckviorthy. It has beén used.in.the United '
_-!ipical'silicotic: nodules and virtually all exposures ‘Kingdom and abroad for: the mianufacture ‘of parce-
" lo'silica dre associated with exposures to-other min- . ai5 554 filler-and coatifigfor.paper, and in; the rib-

erals. Typical occugations whirs thesé lesionsthave: it plastics” paint; and. feftilizer. indisstries, It has

been described include hematite workers, foundry * 4155 been sxploited fram depositsin Devon and from-

-workers, arc welders, china stone workers, and 2 “sedimentiry-deposits iGeorgia and South Carolina
small proportion of coal workers. N e R e P

A { _.' “:\';""A RN
AT
2 : AN

¥ ‘The nonfibraus silicates are a large group of minerals
that are widespread and have an extensive range of
industrial dses.: Pulmonary diseasé has been associ-
", ./ uled with exposure to these minefals in a fumber of Houee 157~ - dul . ;h i t : %As;}i& it col.
@ | i i Mooy e s Bbrogic tan _ Poriiinse ol bl e o
ca and asbestos.and pulmonary disease'has been ™", q00's prewmocaniosis assoclated with emphyseina. (Low

observed only after heavy.pi‘olbn"ge'd exposures. The  “power)’ o T 469
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" industry” in *Cornwall®*# and Georgia®®3® have .

. after 1971’ are ot consxdered lLk

% cldy workers had also worked with china stone and -~ . L e R
.-in these subjects pathologic exammatxon ofthe lungs™ . o o L
' revealed silicotic and mixed dust fbrotic aodiles. L

- gi

- Cles, may be present but-usually are notconspicugus. .
“The massive lesiods consist of masses of dust-laden FIGURE. 159

fibers, Mineral analysis of the lung tissue from sub-

in the United States. To a lesser extent lthas also been
produced in Australia, Brazil, France Spa.m, and
Germany. >

During the commercial preparation and purlﬁca‘
tion of china clay the granite, mica,.and quartz. are
-allowed to sediment out, the lightér kaohn aiticles
being carried away in suspension. Npwai ays ‘the-
kaolin is then allowed to settle and’ dry'out using Al-
ter presses and mechanijzed drymg : ants Formerly

redut:ed 1 After reﬁnmg, the ma.m

" material is-kaolinite and there may bé%ip:to 10 per-

* cent mica but quartz is less than 1 percent. '
Several radiologic surveys of workers from this

shown a pneumoconiosisgénérally: chamctenzed by :
small rounded opacities but occasionally PME. |
Pneumocomosxs is cenerally seen irtthe nillers; bag-

»‘gers -and’ ibaders, where the dust is.dry. Exposures
o_lead ta pneu- :

rnocomoms AL N
“In some cf the prevmusly reported cases of u.%c‘-;t;ns rsfa . h_dm] \ kel' e a.cmmedmy
o 6 a Corais aclay wor! .
kaoartlmz PneumaCODIOSls i has been suggestgaq that - ©ish w‘jhlesi progréssive massive: fibrosis lesion in the uPPerpa:t of
- qudrtz wagresponsible. In the past some of tHe china. -, the lower lobe and backgrou.nd stellat .

T

14, éﬂre"pzratogrbroncmb'.'s
; ongth }

Th pamcles are strongly bu:efnnaent on ‘polariza-
tion. Ferruginous bodies, formed on the platy parti-

particles mixed with fandoml}’ arranged ° collagen ' puosive interstitial collections of dust-laden macrophages in
the lung of a Cornish chinaclay worker. (Low power) -

470
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goe- 'FIGURE 15 10 e . :
Lo l.nterstmal callections ofdost-laden ©
. B aqophages assocxated with slight f E‘bra
sis i the fung of a Cormshchma clag
B worker [I.ow power) S

monary disedse o ¢ -
ployed in. secon ary mdustnes because the mmeral,

' g plant ‘mica and kaalin wer
f talc foit vanous apphcana

RIS

been desmbéd,.
talc.* The questic

Talc Pneumoconiosis’ T " ¢ ' nents. orwhetb. Sthed .

- Talé = or  hydrated maonesxum silicate  eral: completel Often” the' oﬁly way 1ozs8
f(Mg;Sx..Om(OH)z] is formeéd dwring the breakdown - quesuon in an mﬁmdual case xs by mmeral analy
.- and weathenna of serpentine, tremolite, -anthophyl- :

' hte. and rocks of similar nature It is found in.and has

A talc zmneral will be greater than that o
_ exa.mple the “tale” from New York .

cent or more); in the other 50 percent tal
ated with variable percentages (10 to 50 percent) ¢ of LU
carbonates or chlorites.>® A further comphcauon is. .
that'some products sold as “talcs” may not even con-
tam t.he mmeral talc Therefore, one sh uld! Be cair-

Ao
. Szl oné cohort of talc workers and" extrapola_tmggthem to

other cohorts exposed to”different varieties of tales. =™
Particular care has fo be taken in atiributing pul- - -

a7z
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472  SPENCER'S PATHOLOGY OF THE LUNG

high exposures to talc have been reported rarely, but.
these have been due to suffocation rather than the':
toxic effects on the lung. A range of radiographic.’ *
lesions has been repaorted in association with talc,
uncontaminated by amphiboles, including fine retic-* -
PMF, a.nd pleura.l’.

ular infiltrates, honeycombing,
thickening.

PATHOLOGY

On gross examination of the cut surfaces of the lungs
there are stellate gray macules, shich in severe cases
link'up and are, assocxated with honeycombmo (Fxo

15-11)." Less ciinmonly . present ‘are palpable: gray :
nodules. PMF lesions “characterized by a diffuse”
soft gray appearance, which may occupy most of

an upper lobe, sometimes cavitated, have been
described ‘occasionally.f3%* Microscopically, the
most ¢ofmmon-1esions are stellate interstitial collec~
tiods of dust-laden ~macrophages dssociated with
wiild fibtosis situated around’the respxratory bronchi~

oles- {Figs. 15-12. and. 15-13) Pcogression of these-
lesions results:in linking up of ad)acent lesion¥that if -

wxdespread will lead to greater ﬁbrosxs and honey-
combing. :Severe ; pathologlc chanve., dre usually
assocxated with veryf high_ mmeral burdens, Less.

composéd of dust-laden macrophaoes with a greater
amountofcellagen. Mixed dust ﬁbtom: nodules may.
be present‘when there is qssocxategi quartz exposure:.
PMF, Iesubns are character ized hy !arae collectxons of

N mas contamma la.toe numbers of;

*nated by amphxbole minerals. Th;shas mamly Gon ¢
tred around the New York State talc workers who -
were.exposed toa high proportion-of amphxbole min-
erals in additioh to' ta.lc Several*mvesuaators havg »

mlstaken for asbestos bodxes, fér 3y

argued that the ‘amphibole componentds.not asbesti
form a.nd therefore not-hazardous. bt :Early c I;grt -

Iung,cancer but ‘this was in- short-tezm worke {
less than; ayea.r s work; thiere was norelation ‘to,duraﬁ .
tion of gxposire ‘and’the effect-of smokifig, waspot  k
evaluated,M ecentstudiesof the New ¥ ork Statg < ¢
talc workers and cotaparisons. with' the; N
workers, who were exposed to talc fre¢ of
boles, indicated that there was no causal connecﬁon
between lung cancer and amphlboles in the New

thk State workers.f“ e O R

b

i

L bttt . b diite)

L

[

FIGURE |5 H o N

_ Lung from a worker in the rubber mdusu'y

" showing interstitial fibrosiswith ﬁqe hon-
-eycombmg Analysis o of the'ludg tssus. . - -
shows sxgmﬁcém quantities oftale, -:. .- . /}
kaolin, and mica. [Cnunesyoftize edxtorof .t

) 'Humuh Patholooy A
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" Particulata matana.l'composed predaini itly oF tale

Occasiondl- cases  of pneumoconiosis and pleural
'thxckenmc' have been described in assocxanon with
: ‘prolonued exposures BT

A _PATHOLOGY

l;,htF,

'nc;uams 14 i l
the yellom i htown ‘mica plates and forgign-body

macrophages and forsign b 1 esy of th d’tto'

ofHuman Patholacy‘."'}

Mica Pnébmééoniosis*“ ' .
The term mxca. for practlcal purposes, euca,mpas

. the mmerals muscovzte, phlogopxte and vemncuh .
Micas are produced in Inidia, Brazil; Madaqascar, the -
United States, France, Spain, . Finland, and China.
These minerals have been used ity “paints, plashcs.
fire protection boards, pigments, oilwell drilling
muds, the electrical industry, and textured coatings:
Exposures to relatively pure micas have occurred

" mainly in the grinding and packing of the minerals.

: g
.tive properties and is used i in ammal feeds, pet htter,
pharmaceuticals, herbicides; and cthe: progessing of
woolen garments. Some fuller’s earths contain signif-
icant quantities of quartz, but there have been rare
cases of pneumoconiosis described in assocxatlon

FIGURE 15-15
Strongly birefringent platy crystalline
particulates—talc. (Medium power.}

474
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SIGURE 15-18
Mica grinde;——;nux_n'e_,rggssteula_tq gray lesions.

FIGURE 15-17
Mica bagger. The lung shows finely particulate gray-brown mate-

rial in macrophages and foreign body giant cells in association
with fecruginous bodies.

‘.\brencinolar and mterstm

- dssumed ma)onmportance and 4 W s1o ongbefore

11945 -

_ macrdscopic chanaes have consxsted of gray “black
" stellate nodular Iesxons measuring 2 fow mxlhmeters
.3 d.lameter. Mm{oscoplc

gent under poianzed hght.. ,

COAL

Coal -has been mined:for over a. thousand years in
Gréat ‘Britain, “beitig firs 1gned in*“the “Sakon
Chrodicle of Peterborough cdes
coil ‘worker's. pneumaconiosis in 18197 With the
coming of the Industrial Revolution’ m the Birst balf

-of the nineteenth cantury the.

‘the ‘fhany occupanonal hazards “of codl* minitig
‘became recognized in-Scotland.”™ In 1338, & joung
Scots doctor - (St:ratton) cmned tha term. anthracosis
to descnbe the blagk d1sco[ored h.mos pf Flfeshxre‘
"xmners R
Im 1938 a Medxcal Resear h Councxl MRC)str-
vey ‘was:set up.of.coal ‘miner’s; e\ﬂnqcomosxs i
South Wales because t.ha mcxdence wash ghez:m this

Vpneumoccmosxs th.h rég
Ioglc. hlstopat.hologlc.

petrologic study of theammés and 1dennﬂcatmn ‘of

ine. dus ‘Ths rgader séeking
eferred té the
.-1943 and_

the different aspects o
detailed information'on ‘this, subrec i
Medical Resaarch Specxal Reports bf 194 2

The term coal workers pneumocomosxs {CwWP)
is now used to cover a variety of pulmonary radio-
logic and pathologic changes, resulting from ' the
inhalation{ of coal dust andiits meunnes In addmon

“to causing preumoconiotic changes i various cate-
' gories of underground workers, Gough"0 shcwed that

coal trimmers employed in loading ¢oal into ships®
holds might also develop similar pnéamaconiotic
lesions. This and the previous MRC smdxes settled

475
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" FIGURE 15-1§
Fulles’s. eatth pnaumocomosis shaws
dnters coamglatign’

Ust-laden

" TABLE 15-§ , ' AR

t.he dxspute as to whether CWP‘Was caused by coal.or.
'silica exposure, shov?rgi’na that it could occur-without  Determining Factors in Coal Workers
.»\ sxgmﬁcant stlica exposure..In Gréat-Britain EWP-has Pneumocomosxs :
) !f:een recogmzed as a disease’separate-frat- silicosis  Cumulative exposure—dose and duration .
or the purposes of industrial benefits since 1943. - Particle sizé distribution - p
: . 9

e

- -Further studi#s by the MRC in South Wales and Coal rank
the National Coal Board: Jongitidinal study of 30,000 c d
‘miners from 25 British collieries has ‘taken the oncentration and nature °Esmca :
xresearch further and allowed realistic standards of Associate minerals—muscovits, illite; and kaolin
resplrable dust’ expostfe to be formulated.®™% The Individual resP"“ses
reduction in"dust levels’in the mines, .declme in  Infection- . . - L E
numbers of the workforce, early retirement, and the :
gradual closure of uneconomic mines. has.led to a
; ncidencé of CWP ini Great Britain,Europe,
and the United State ‘CWP rarely. deve]ops in. coal
workers before the age 0f50 yedrs.

The prevalence “and types ‘of patheloaxc !eszons
observed in CWP depend on sgveral factors: (Table
15-5),. whlch may expfam the varying- mcxdence in
different.coal fisldd"and evén between mines-in the
same coal fields. For example in'Great Britain it has

—.accurred most frequently dfnong miners in the South '
Wales coal ‘feld and’ especially in the miners.em-
ployed in the deep  anthracite mines in, West

T  Glamorgan. It is also more common among miners
worklno in pits” wzth small deeply sxtuated coal
seams..

Coals are rich in carbon afid are complex miner-

alogically, .the composition varying from ‘mine to

mine. Coals are tanked accocding to calorific value

into low, medium, and high. The hxoher ranked coals

.' _ .are -the . oldest and contam the least amounts. .of

¥

F
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) N ) . Chapter 15 | Occupational Lung Disease

_between ‘adjacent seams-or bridging geologic faults - Pofho!agy” o4

ork almost entirely in hard sxhceous racks and are :
:;\,cposed to high sdyxca concentrations, wtuch may - The patholooy of CWP1 s most appropnateiy consid-
result-in sthcosrs rvather than CWP Other groups ‘of wered under five_subdivisions: (1) simple CWP, (2]
toal workers exposed to high concentrations of silica t.v'comphczged CWP. (3) alcgglan lesions, (&) emphy—
mclude firémen and screen workers.. .. [ 4_58““: and (5} mtersuu r0S1S-
The-incidence and progression. of CWP as one . ampLE CWP o

would expect; is. related to cumulative exposure to S ‘
4 *:,pxrable dust,®* but this is:not the whole story. ~ Macroscopically, Llns is. chaxactenzed by multxple
. There is also aTelationship fa coal r.a,n.k. Severalstud-  bilateral, soft; stellate, impalpable, black (ma itlar)
“jes have shoimi:that for equivalent exposures the lesions statteted through the lungs but w}n_ are
‘incidence and severity of CWP increases as the rank ~ mostprevaleit in the uppes: ttwo-thirds (Fig. 15-1g).
“ingreasés.?*~% For unknown reasons miners of high At the “earliest- stage the- lesions are only slightly
: *. larger tham the so& dust foci. assocmted with urban

ed coals ‘show significantly more ratention of -
tin: the-lungs than: those exposed: to. low rank ‘hvmg. “The: lesxons vary from about 1 mum to_geveral

.coals The' istologic appearances-of the.pnet
nioticlésion¥also varies'with coal rank. %485 Another
“variable factor is quartz content, which aﬂ'ects ‘the
prévalénice of CWP unpredictably for several reasons.
-Assaciated: cliy.minerals fnay inhibit the foxic effects
_of qitjiitZ 6n'the lung-and ‘this has also been demon-
“strated eXpetimentally.?%99 This. .inhibition may ; not
‘be‘i)ermanent and’ niay. vary, with:geclogic source.?
_There is dvidence that cytotoxicity of coalmme dusts A
increlises as particle size decreases which in turn cor-
relates with high mineral and quartz content.” Some
"imnet_'s exposéd-to, dust with-a high quartz content
have exhibited: unusually rapxd tad.mlogxc changes of
preuocoRniosis:®
Inlifethe dxagnosxs and assessment of seventy of
CWPdepends on the prevalence and:size of opacities
’observed 'O chest -radiographs. It isx customanly A
divided into“two forms-—-smpie and. comphcated e
The criterion for separation is size of the dust foci =
-aitd this has varied with time and organization. In the
: '-;“I,nt' rganonal Labor Organ.xzation -system of radio-

. ‘hmg,j functm_ br reducuon 40 longew
) lty 28 Comphcated.CWP particulatly whenilesions
dtg very large,’is ‘associated with' producnve cough,
ibreathlessness, and s1gmﬁ' ant impairmsat of fung
-fanction’and it can tesult'in prematute deathi. Com-
plicited CWP:is mare: likely-to dévelop an’a back-

grdund of Eugher grades of simple CWP.” 9% [t Gan  FIGURE 1519 . ' oo
develep several years.after leaving the mdusgry ‘and  GoughsWeatworth whale !ng section &am,a toal worker o
; mit many ysars show's oummeradd black miacules affecting most of the
) inmy expenence ofSouth Wa.ies coal ers qur the lung)gbules a small numbet'of larger stsiiaté black lesions, and
( / {astdecade it hias affected elderlys retited mmers Who centrilobular emphysema affecting about two-thirds-of the luag

. - had. sustained exposures several decades ago lobules. o

",.f\

R
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478  SPENCER'S PATHOLOGY OF THE LUNG

.mm. With progression they may come to ccupy the ..,_usually ‘they are superimposed on a background of

majority of the.lung lobules. This pathologic picture
can be seen without there necessarily being any ra-
diologically detectable pneumoconiosis.- The num-
ber of lesions seen radiologically always appears to
be less than is actually demonstrated pathalogi-
~cally.®® Associated with these macular lesions are
_ frequently varizble degrees of emphysema situated at
_ the Tenters of thé. acini (focal émphysema). There-
. fore, the black-lésions appear:to be highlighted by
'the surfounding’ pale  emphysematous areas. The
_ radiologic changes of simple CWP are due to the dust
. and the ‘$mall Zmount of collagen present aud do not
refléct the émphysema:®® In addition to. these, impal-

- pable“maculér lesions there may be firm; palpable,
black lesions that may be stellate or rounded in shape
(Bbrotic nodules). These nodules are usually much
less in number and often larger than the macules (Fig.
15-20). Uncommonly, they occur on their own but

Af?’f-

FIGURE 15-20
Gough-Wentworth whole lung section from a coal worker shows
sevecal stetlate black lesions, which were palpable. and centrilob-

ular emphysema.

" “tion; caléification, and.gholesterol

- {0
ANt

macules. Other fédtures include dust impregnation of

_ interlobular septa and the'pleura; the latter is ysually
focal but occasionally may be diffuse. The peri-
bronchial, hilar, and mediastinal lymph: nodes are

. often enlarged, densely black and may-be soft or firm.
., Sometires they contain whorled silicotic-like nod-
" ules, usually in'the absence of similar lesions in the

“ling. They afecaused by the preferential clearance of
silica froii the'lung to the lymph nodes.™” .

. Microscopidally the earliest change consists of
" the accumiilatidn of dust-laden macrophages around
" ‘the tespiratory’ bronchioles and:‘adjacent alvecli,

"blood vessels, Septa, and.beneath-the pleura. Free

" dust particles may also be seen. The macules consist

.of uniformly distributed dust particles free or within

_ macrophages ititermirigled with reticulin and smiall
amounts of collagen, which :contrasts with the con-

" siderable formation -of collagen in silicotic nodules

"' (Figs, 15-27%t¢'15-23): :The-dust;packing. of these

lesions incredses.swith. decreasing ash-content and
-incfeéasing coalrank.*¢ Thé'hodules show: much more
__collagen ‘thari thie macules:andit:is amanged in bun-
~ dles that radiate in all directions. Nodules are associ-
_ ated with” the minidg -of lower, ranked coals and

- increasing ‘ash-content. Nodules. may show cavita-
qutSIf the codl
~“wotKer hasbeen exposed to a-high.silicd concentra-

tion, mixed. dust fibrotic or silicotic-type nodules.
“may be.obiserved;in:which case the collagen fibers
" will either be-arranged-in a linear or circumferential
**pattern: Examination ‘of macules, or nodules under

" 'polarized” light ‘may -reveal ;small doubly refractile

IR T

FIGURE ‘54‘ L i i .
Sirdple coal worker's pneumoconiosis shows numerous stellate

macular lesions associated with emphysema. {Low power.)

i
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background of sevef'é sunple pneixmocomos&s. The
PMF lesions. most, ccmmonly occur in. one gr both
upper lobes -but: can, océur in any lobe:: ’I‘hey may
reach several centimeters in size and can destroy the

FIGURE 15-23

- Coat'worker. In addition to stel]ata macular leswns. same nod-

ules show cenmal collagenization. {Low power) :

emphysema su:round.s PMF lesxons

Ly ;Guae 1542 ,,.
: Slraple lesion in a- al worker showmg
dust; packmg and relahvaly xmld btosxs.

d may's ¢
cavitation (F1a. ~15-24;) “The" cavmes may ¢bmtain
fluid resembling India ink. The affected lobesmay be
adherent to the chest " wall.. Mcroscoplcall)n the -
lesions are composed of dust parttcles. both free apd
within macrophiges mixed with.randomly arranged
collagen and reticulin fibers (Fig. 15-25). The centers
.9f the lesions may evince necrosis and cholesterol
clefts. There'are Fréquently ghost outlings-of Vessels
and airways within the centers and at.the penphery
small vessels cuffed by lymphocytes -and plasma
cells. Necrasis within PMF lesions is usually aresult
of -ischemia rather than infection. Often severe

In 1953 Caplan». -descnbed um.xs _

chanoes in coal miners suffennv from rheumato;d
a.rthnns, and subs quendy rad.mloulst's i [
France, Belgium, and Holland- reported ‘similar find--
-ings. The chest radiographs showed large, rounded,
and well-defined’ shadows mainly in the penpheral
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RGUREIS-24 0 TERTUT s oo FIGURENS-2&L - e oo, .
Goygh-Wentworth whale lurig séction fom a coal worker shows Coal wirker. An area of progressive miassive Bbrds
diffuisaly black progressive massive fibrosis mainly ia tha upper - - glomeration of nodules and an'ared of cavifation: .- -
lebe... - =0 T T T - TR . N o

- lobesiand: tend
_appeardnce of the buln

. _ceded the onset of arthritic-le -
. pultnohary rheimatoidnodiiles. in4s

confluent (Fig. 15-28):%T
ppearance with light and dark

~Thej-viry from. 4 foiw millimeters to-sevéral

on a

| ..céntiffieters in size and ofien are supetimposed o
_background of relatively slight preumoconiosis: The
‘nodiles may show.areas of liquefaction, cavitation,

and caleification. e - T T

Microscopically, the ceritral zone of the nodule
consists of necrotic collagen, coal dust, and debris.

Dust often lies.in rings. At the edge of the necrotic

s B

=t O

CFIGURE 15-2§° -~ . ..
Coal worker. Part of a progressive

2 : ‘massive Kbrosislesion shows
diffuse black area with adjacent multiple black macules. (Low
pawer.) .
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In subjects with theunatoid arthritis; Gaplans
like lesions also have been associated with exposure
to other dusts including silica’®* 102:103

Progressive :%l"si'%‘ﬁ!ié@s'ié’lesian‘ff&ia acoal worker shows an.,
intgimédidte pattetn between the diffuse black f o~
glomerate form ofthe condition. (Low power.)

djacent layer-af,
1=show .variable :

/one aﬁ qleftse
spindle-shaped.:

fibroblasts.

degrees of pallisading.” Between" the cellulérsand gree of ‘finctional :dis:
mecrgtic zones-is a narfow beélt 6 weutrophils-and:- er with the degree of

o FGURE 15-28.c . . o L e nuE
p . Capignfs s_ygdxmpe._‘.w'el;»dg}ma:catedi««hd‘rléd'ncdules superim- . \ aer :
posed on'a'background of very slight paeumoconiosis. . 7. . with théuinatdid arthiritis—Caplan’'s syndrome. (Low

EIGURE 15-29

_Rourdad, well-demarcated confluent nodules ina coal worker )
v ; power.}

© 481
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that chronic bronchitis and emphysema in coal’
workers is directly related to tobacca usage.and

- cumulative. exposuge . tg, respirable dust during

life:197-198 Postmiortem. stu(hes ‘havealso shows that
there-is'a- szgmﬁcant exe .ss ‘of emphysema in’ coal
woikers with pneumoconiosis when compared to -a*-
nonmining control population, &% Thisis spemfic
to centriacinar emphysema and unrelated to panaci-
nar. mphysema. Its ceurrence is associated with

9 ! d

over many years. Tln ‘xj;hp that !
dust focus becomes relatively 1éss and the'emphyses
matous part . more: conspicuous gver time. The
emphysematous changes are located at the center of-
the acinus and secondary lobule because of the ioca-

482

présent than thh thiesize and: uumber'of' imple dust
foti 19519 Thg fajor-confounding factor is.cigarette
smoking. A considerable body of ‘avidence mdlcates )

- - a periphieral Zofd'e T
" with pallidading (Low po

¢

centriacinad emphysem are alse locate .
be noted that similar lesions may be sbstived around
the carbonaceous dust foci of town dwellers. -
Centriacinar emphysema, in contrast to focal
emphyserma, was considered to be accompanied by
architectural-destruction of the acinus: &om 1ts earli-
est'stage:and: mﬂa.mmanon within Brog
chioles.}1® Apait, from the ] presence of the wist £oci
the spathologic: appea;-ance : ta_tho:

On occasion at autopsy a patholoolst
with the problerm of determining in a coal miner, who'
has died froin ‘obstructive airways dxsease and who

HWBUI0009231
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Sometxmes thisédn ’beobserved macro opxcally but;

has centnacmar emphysema whether coal dust

exposure was- contnbutory If the subject has not had
lung:furiction tests and a chest radiograph in the last:
fevr years, this might be’ ‘difficult. In this situation the-
pathologist: will need to ‘make a judgmeént of the -
likely appearances of the chest x-ray based on the:.
appearance:of ;the ‘dust. foci and emphysema at.

u[topsy In practice for categoty 1/1 there’ wquld be- -

v \t%nswe sunple coal dust lesmns present S

i,

Y]

ininany cases it 1s;-only seen by, mxctcscopy (Fx

5 i CWP* ‘has: indicated th;t-the}} repres nta
émphiysema and mterstmal ﬁbrog_
g ot

FIGURE 15-31 N .
Gough-Weatworth whole’ lungfsecuan &am 4 eoal worker show;_
dust-impragnated honaycombing ia the posteriorand mfenor L

zones.

“effects on the lung. 1Agents’ that-will ot:be cons

Chapter 15 [ Occupational Lung Disease

483 .

ground remains to be determined. The dlsease‘
appears to run a slower course than cryptogemc""
ﬁbrosma alveolitis. 114 ‘ :

GRAPH[TE

This is a natural or synthet:c crystalhn rm )
bon. Many commercial forms of natural grap it
(plumba,_.,o) contain other minerals such as silica agxd__- :

“tors, and lubncants. A,number of cases
pneumoconiosis have been descnbed ‘bu

exposure to silica or silicates may have played a “part i
A17

in their causation.

METALS. - _

Pulmonary responses “to- metals. have been made-‘
quately studied because they tend to occur in small
industries with poorly characterized exposures.

. There have been several epidemiologic studigs of
" various industries but,there have been few Systoti?

atic pathology stuches."_Most of the pathologmx iafors

It ‘p'et cantroIs for compa
thy s lecti tive gnd dlfgu

ered are those that ptedom.manrly causerespomsesin- < -
organs. outside the respiratory system even thouah R
theyaremhaled o S
.1t is rare for human exposures to occur to the

ure metalhc forms but it is; usually to the oxides or

vanety of pulmonary réspondes can fesult from e‘cpo~ :

:suré-to metals, which can be in the form of fumes.or "

dusts. These responses can be acute, chronic, orneo- -
plastic. The acute response may not develop imme-
diately.after exposure but may be delayed for some
hguzs. Death or complete recovery may follow the
acute. response and rarely chronic sequelae such as
fibrosis, Table 15-6 gives a broad classification of the
pathologic reactions associated with expaosures to’,
metals together with examples. As with exposure to-
othér minerals, the Tesponses. will vary with dose,
physxcochemlcal forms, a.ssoc;ated minerals, and
“host factors.2?¢42 7 7 ‘
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484 SEEN&E}?% PATHOLBGY OF THE LUNG

-7 : . ~. minum. Varioys forms of lung disease, the earliest

TABLE 15-6 .-

PuImonazy Reactions Assac:ated thb being fibrosis, have been i ked %] exposure. to-alu- -

Exposures to Metals : e minum in manufacturma ‘or processmo ‘factories but -

Reaction ‘ Examples they have heen rare consndenno the Jatge tiumbersof -,

Diffase alvaolar d Y- e . workers potentially at risk: Some kéports have been.
ttuse 3 amage Deryluum, cadmium, CO8%e 0 difficult to assess. because of concomitant exposurés . -
‘or acute bronchxns manganese, Mercury, nickel * to.oth :

Ia d.ustn a] PIRETE IS Chtomlum ob . mckel  to.other minerals. For exampl‘e -aluminiim pdtroom

L iC :.". warkers are éxposed to ¢arboli” monoxide; ‘coal tfar.

pitch volanles ﬂuondes. sul&u‘ dxoxxde sndalu-
mina.*® Bauxite luiz (also kiown ‘a5 Shaver® s:di"-‘.
ease, corundusn smelter s luna) was frst recognized
during World War I among a small group\'of Workers, .
engaded in the manufacture of aluminum. g.hraswes
- (Gorundum; - AK0,) * by. Shaver!?d ancle,_tggh" byu
Riddel}.** Reports from Germany during.| the sauie”
perig _descnbed severe’ lurg -damage occumno
associationiwith aluininwm: metal powder, 195

Giant cell iaferstiifal ‘Gétiélt '(?hgrd‘metal) i

. ppeurmonia Tt is s Mitchell¥ and - McClauahlm and; cowc»rkers12 “in ",
Alveolar proteinosis ~ Aluminum 11962 described further cases in Britain. - -
Granulomatous disease Alummum beryllium, titanium o Several fotms. ofnonmahgna.nt lung dlsease have
Carcmoma of lung- Arsemc, ch:ormum mckel, RS 3 : mmuz_n vd its

A:}: SN mnlum

cl exposures in Table 15-_
redctions ‘aré specific.to aluminumyand th ‘asso-
ciation cannot be made on the hlstopatholooxc
appearances. alone (Fig. - 15-32). -However, the
aluminwm-associated diffuse interstitial fibrosis pat-
tem~is usualiymore severe in the i upper zones: of Lhe(

‘u§§5 for Alumin
ble number of workers

componnds and a qonsxd

oo §
have beeri, exposed_ ta. t
include. the- mining. and

smelting of. bajuxite. (po o
tur¢ of abrasives or explqsxv
olishi

AIummumaAssoc: 1 ed PuImonaryRe
ol T L Exposure .

T 'Abraswes

o Weldxnﬂ
"Pohshmg
U Welding
- Alveolarproteinosis - , Srmdmg _

Gr‘éﬁﬁldmatou_s disease - . Welding™ o Chén et &17?
R _-‘”Chemxst B eVuyst etal 128

P
RASER SN 0

DIP = desquamative interstitial pneumonia; GIP = vxantceh nteestitial uneumoma L - L T
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' polanzatxon

Asthma-like. symptoms have been reported id
'several groups of ‘workers' exposedv tosatumitium

-compounds,***1* but it is not certain whether the
exposure initiates” ast’hma ‘or exacerbates symp}:oms

in subjects with subdlifiical asthima::

An excess of lung caricer-has been descnbed in
alwminuiii - produchon workers, hut it 1s probably
Imked to coal tar pltch Volatlles ns e

%

Barium hmg (bantosxs) can- fonow the mhalatxon of
dust particles from inspired air or by aspiration ‘of
barium Suspensions during radiographic procedures.

In the former circumstance, suchas in barytes miners
and grmders t.he pamcles will tend to“gle_umformiy

usually little functional dlsabxhty bécause t‘.hete.zs

little associated fibrosis. Microscopically; the:langs
show alveolar collections of pamcle-laden mac-

Berynium -

1935 by Fabrom“36 w1th reference ta’

-uP 6,1966.2% Cases o 'Ee'rylhosxs clauhe

2 kposu.re have beer'rgparte

o FIGURE i§32 .« -7 -
Diffust interstitial, ﬁbmsns-hka reacho N
characterized by intraalveolar callec i
toos of macrophages. (Medmmpower -

,-.,.l_._,
vobel

' quently enters the body th:oug’h the respiratory- tract .

and most conspicuously affeéts the lungs Howaver;.
it-is a.multisystem. dlsorde)r”"’ ‘ahd Changes MHay
occur in the skin, liver, kidne¥; sp[eeu i
nodes:**. Dermatitis .or chronic_skin ulcers: may
oceur as a local disease or in c:onjuncuon with sys-
texmc disease.~ - T
it Acute! berylhesxs foﬂows relatwely h.\oh expo—
sures-to dusts, fumes, or Jmsts “whereds the chronic .
form may follqw limited or prolonged exposure 5 ¢s]
low-doses. Individual hypersensitivity appears to be
iftvalved, which is mediated by a spetifi ._'Iayed— .
type hypersensmwty reaction to béylliwdin: :
there is proliferation and ‘accumulation .of CD4+_
(Helper/inducer] T cells in the lungs.*** The disedse
is uncommon even though the use of herylhum in’
g

githosaenga;edm the, extrac: -
'of the’ 'ét’a’l from 165 otes, mos! comman} vl

d Eefyllmm ét&i and alioy productm
’ orr Escra met-_ :

s caused by ‘paraocciipational and: nexghborhaod
d: 143—»}45 )

tally produced acute form of beryli soning, 3
although-an acute dxsease following berylhum gxpo-- - . Some ‘studies’have clauned tha exposure t°
sure was- described.in Germany in 1933} Hardy - beryll um_compounds ‘causes .an. incréasad Tisk of
and Tabershaw were the first to draw: attentlon to:a- - lung cancer; howevet the evzd_ - Eor d:us is uncon‘
VIDCIHG o

chronic form of berylliosis.}*® Beryllium most fre- ST e L kS
. T ass
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486  SPENCER'S PATHOLOGY OF THE LUNG

'ACUTE BERYLUOSSS

This condition is rare nowadays with moderd: mdus-

trial conditions. Respiratory symptoms of breath-

lessness, cyanosis, productive cough, and masal
discharge manifest within 72 h folluwxncr a.severe
exposure, but if exposure is lower the onset may take
several weeks. The majority resolve without long-
term sequelae, but approximately one-sixth have pro-
gressed to chronic disease. Death has- occurred in
about 10 percent of the cases reported.’™® -
The gross and microscopic appearances are
those of diffuse alveolar damage (see C.'hap 11).and
granulomas are absent. Dxagnosxs rests'on ahxstory of
exposure and demonstranon of berylhum thhm the .
lunohssues. ST e ar -

CHRONIC BERYLLIOSIS

This i is an insidigus disease that can follow the last
exposure to beryll um'mth a latent period varying
fromi 1. month to mor ﬁlan_&m years. It-closely resem-
bles isarcoidosis and can lead to death fram pu.l-
monazyﬁbrosw s -

. "Macroscopically, the lungs appear: cont[acted
and have bosselated pléural surfaces, sometimes
with thickening and adhesions. The zcut-surface
shows vanable degrees of honeycombmg,.whmh

e “ s

mterstmum, septa, bronchovascular bundles, and
subpleural- areas. Occasignally. ‘there, is necrosis -
within the centers of the" granuLomas..‘ **‘Eusjon of
“granulonias may: decur'to give rise to! odyles that are.
203 cm in diafneter: “These may show marked‘,
hyalmx; tion. - Schaumamx bodies are ?Z&a [iently
presént in.the ch:omc; ﬁbronc stage the granuiomas-
may dxsappear leavidg- ﬂnly the- Schauma.nn bodies
. as their "calhnc caxd 'In addxtlon to'the granulomas

pronc:u.;;ce‘ diffuse® mteranal

chronic ; mﬂamm ry irifiltrate

bery lhosxs have been put forward s, "" S

A: History of beryllium exposure .

- 2.-Consistent clinico/ physzologlc/ patholoczc fea-
Latures.e e . - for
3 Présence af granulamas in Bissue .
4. Detection of berylliwm in nssues -
5 Ewdence of berylhum hypersens” vxty

6. Exclusxon of other granulomatous dxseases

Occupational hzstones are often dxfﬁcult to
assess because exposure frequently occurred seyeral
years ptevmusly, itis often. rmxed ami othexj granu»

Lo

FIGURE1S-33 ‘ ,
Diffuse interstitial chronic inflammation L
With a granuloma in a worker exposed ta e

_beryllium. (Low: powet)

[SU
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alsobe’ used for’ screening of e
‘debate as to. whether a: posxtin ¢ berylhun; lympho-.

lomatous diseases ca.n occur in workers with claimed
exposure to beryllmm The, detecnou of beryllium in-
the granulomas is pamcularly valuable but unfortu-
nately, because of its low atomic wexght it is one of
the more: problematic mmera.ls to detect. The laser.
micrgprobe mass . spectometcy techn)que can -be
apphed to. .conventional . tissue ‘sections and can
siteét elements in.low concentrations. A’ recent
aiudy using the techmque demonstrated Berylliumin
the granulomas of all 33.cases of chronic bétyllium
disease’@nd in fione of 30 cases of. sarcoidosis. *® It
shouldbe noted that.it demonstrated berylhum in the
dust-1ésions of coal; workers. Ifs d.lsadvantages are
that the’fechmque is avmlable in few- cefiters and it
provides qualitative and not quantitative data. Other
techniques for the® detectxon of berymum in tissues
ave used -electron :microscopy -and have included

ot xmcroprobe mass. spectometry and electron
: enezgy mass spectometxy

presence of mamfestatwns of delayed (type 4) hyper—"

‘sensi‘txvxty The latter can be useful in diagnosis.

"’erylhum patch:testing-on the skin of sibjects with
»uspected berylliosis has bgen dlscontmued because
of.its-unreliability and, possible exacerbation of the
disease. However, in vitro transformation tésts to
berylhum on peripheral blood and bronchoalveolar
lavage:lymphocytes.has been positive in nearly all

subjects with. chronig berylhosw tested. 24 Jt can
ers but there is still

TABLE !5 8

G Comparzsan of ¢ Chromc Bezyllzoszs (CB)with . )
e -Sarcoidosis (SAR), Chronic Extrinsic A.Ilergxc& g . LL T
- Alvedlitis (EAA), and C:yptoaemcl-'zbrosmv e DT

C‘&dpter 15/ Qceupational Lung Disease

487

- The major conditions from which chronic beryl-
liosis needs to be distinguished ‘include sarcoidosis, .
chronic extrinsic allergu': alveohUS. and cryptogeiiic.
fibrosing alveolitis. Tahle 15-8 givés belpful features- ’
in dxfferenhal dzaanosm g

qum:um

Cadmmm is. used in the manufacture of alloys,
nickel-cadmjum batteries, and in. elecu'oplatmu sad -
plating of automobile paits and musical instruments. -
Additional sources of exposure include various .
welding processes and the smelting of zinc; ‘fead, and -
copper, ores that’ contain cadmium: Cigarettes. may:
uantmes of cachmum Thre .

miium pneunionlhsl emphysema, 4nd Garrcers*
- Inhalation of large ‘amounts-of cadmium,
(usually the oxxde) ) can:¢ cause diffusé alveol

hxstopatholooxc feamres ase sumlar to chffuse ’a\iveq :
lar damage caused by -other ‘agents. Didgnosis.

‘-depends on the” hxstory of exposure and mmeral

analysxs of the Jung- hssues .
The. hnk tv_:een chronic cadrmum exposure
and the develgprient: &f“centrilobular emphygsetma -
was firstnoted.in the’ 19505 ‘but the results of subsé-
quent. epxdennologxc surx"?eys hzve been ‘controver:
sial. This-is. because ‘the’majority did not. consxdex;
various, canfoqndmg' factors -particularly .ciga
swmoking. However, avecent well-condircted study f

a-cehort-of wo om a copper—cadxmum_alloy
: : cI .

N L AAlveohtzs(CFA)

Feature| "~ © cB SAR . EAA CFA
E ~Exposum to berylhum  Yes No Ne - No
Kveim test. © 7 'Neg Pos.-  Neg .. Neg -~ R
- Serum precipitins - " Neg Neg Pos : -Neg - -
" Predomidfantdistribution  Upper  Uppar Upper Lower » o
,l:; ofﬁbrosxs T T R T : -
"Compact granulomas, - A+ 4+ .+ o
Interstitial inflammation . ++ + ++ o+

Hilar lymphadenopathy .. Rare

2 o] K]

Note: +, mild/moderate: ++, prominent.
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488  SPENCER'S PATHOLOGY OF THE LUNG .

Furthermore, the deérements of lung -function
increased with cumulative exposure to cadmium.

Inhalation of cadmium chionde by rats has led to:

emphysema,?>*

Several ep xdemxoloaxc studies of cadmmrm
exposed workers have reported increased numbers of

lung cancers. However, recent information bas cast

doubt on its role in causing lung cancer because twé
major confounders~smok1na and arsenic-expo:.:

sirer—were not commlled for.ug S,

<, .
f PO

Chromaum

Allgys and compeunds of chrommm have been im’
commercxal use for-over a century.. Chromium is.a-

graymetal that can combme Wwith other elements itia... -

number of dxffexent ratms, which’ ‘fre térrisd valen:~
cies. There-are dnralent [eg.. ¢hromous chloride

‘CrClz) ‘trivalent (eg chrqzm thonde CrCly), and-

hexavalent :campounds . (e’g., potassium -chromate

K;Gx0;) comipounds. Expenmental and human'stads’ .

ies “inidicate -that. .the  hexavalént compounds are.
pathogemc partxculaxly the relatxvely insalubler
forms such-as calcium, lead, strontium, and zmc,
chromates, but also soluble forms. N Tk

- “Occupational - .exposure’ to ch.ronnum com-
pounds.can occur, ina number of sxtuauons (Table
15:9)-and can cause perforation of the aasal septim:
and an’ increased rigk of nasal and*lung cancer**?
These “have: been ebserved in chro:mum ‘Plating, -
chidmate production, afd chroma.te pigment pro-
duetion-and the risk increases with’duration-and
severity. of. exposure 188-138 The pecurience of nasal:
perforationina cphort of w orkers does Hot necessar-:
ily indicate that they have been exposed totypesand ..

amounts -of chromium con’ipdunds ‘capable ‘of .pt6- °
-ducing lung cancers.

Cobqh‘-——Hord Metat
Hard metal (tingsten carbide) is a synthetic tungsten ..

alloy used in machine tools. Prieumnoconiosis has -

been. assocxated with the manufacture.and grmdmg .

TABLE 15-9

Exposures to Chrommm Compounds

Production of chromates and pxgments

Chromium plating

Production, welding, cutting, and gnndmg of chromium
alloys

Leather tanning

Spray painting

Steel smelting and welding

y pohshers, ocler workers; and arc welders. The latter

.gral particles and may show a vanety of pathologies

" amounts of silica also.will occur,*®® for erample in
- hematite miners, foundry workers, and boiler scalers.

of. tunwsten carbide.’*%-'%* The finished product con-
tains between 5 and 25 ‘percent of ‘cobalt, which is. -
thouobt to be the agent responsxble for the disease.

Macbme tools requiring véry hard:textured -
meta.l are made by blending tungsten and.catbon and
heating them to farm’ fungsteti “carbide. Cobalt and. -
other metals. sucb. as ntamum ‘tantalum, chromium,
molybdenum va.nadmm ficbiume, and nickel, are
then added, according to the desu'ed properues and
then smtered into the hardimetal. - (

Exposure to Hard mét4l has| been assoctated thh
dxffuse interstitial fibr031s ‘desquamative interstitial
pneumoma [13)19 B glan(: cell: intérstitial -pneymonia .’
{GIP);. hypersensmnty pneumomhs. and industrial
asthma.‘ss‘“" GIP is 4 rare disease and when it is -
enc;ountered itis nearly always caused:by: exposure
to haxd metal (an 15—34] ‘In thisidisorder the giant -
cells may be._ found in “the brenchoalveolar Iavaoe
Auid.**® When an ‘interstitial disorder is caused by
hard metal exposure, analysis ofthe lung tissues cga-
sxsten.ﬂyj reveals~ tungsterd but ‘not always cobalt
becayse of 1 olublhty ExpenmentaLsmdaes have,
. } alti

dxseases A‘sxm_x ar ‘disease has been reported in dLa- .
mond pohshers exposed 'to-cobalt. but not to hard -
metal, 5 I ‘hiaid metal asthma evidence irdicates
that'é‘énszmnty to- bo dbalt and mckel may be

s

involved. ™ - Al T

lron .

Exposure to dusts or fumes compose& predormnantly_
of iron oxide causes little damdge to the lung because
the; parm:les are weald.y Bbrogenic: The chest radio-

. graphs’ may. showxbpacmes but tHere js:usually little™
functional impairment. In cases where exposure has
-been heavy and deposits of iron particles marked, the ]
lung will appear reddish brown or brick red on gross
examination (Fig. 15-35). Ferruginous bodies con-
taining black cares are -frequently present, which
shoula ‘not be ‘mistaken for asbestos bodies.
chroscopzcally. there .will be collections ofdark N
“rBrown, " dust-laden mac:rqphaces with relatively
shght fibrosis; (sxdgmsxs ‘This may occur in silver

. may experience exposire to a variety of other min-

(w.de infra). ;
In some* situations. exposure to significant

" The lung will reflect the effects of both silica and
uon—-so~called silicosiderosis. Simple and compli-
‘cated pueumoconiosis can deveiop in these workers,

Ltk o, e ol b
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*; Chronic interstitial ﬁbrosxs thh ant

.. cells in a worker exposed :o har
(Low power) - ST

sis dependmg on: the a.mount f sxhca present.m’
A -high prevalence of. Iunc cancér has ~been .and: ture 'ea.remany deferenttypes
reported in the hematite miners S fofi'Cumberland,  of: welding’ prci 'fsses dnd workers'will'be gxposed to
which is probably due to high levels of radon in the  a-wide variety of au-bome parbculates dependingion
the.process and. ather operations' in the' facility. The

e 4 welding Fames, will bs contnbuted to by: (1) vapor-
ST e ization.of the wire, rod, orme alhclalloymgcoatmns~
‘ L e (2) decomposxtzon and vaponzaﬁon of theflux mate-
rials; (3) spatter from the ait regisniand weld. pool
. and fumes ‘therefrom; and (4)¢ orization:of: the
molten weld metal. ' Welding furmes ¢an comprise
metal oxides such as’iron, titahium,: chromitum,

nickel, manganese, copper, zinc, and -aluminum, -
organic materials, and crystalline materials such as

* silica” and sxhcates., Welders -can- be expused to
. asbestos. The lung’s reaction to welding will thers-
- fore depend o the  composition of the’ fumssand the
cumylative exposure. Welders’ lungs typically show.
large colléctions of dark’ “brown spherical-particles
(u'on oxide]) arid férruginaus bodies but litile fibrosis
- (Figs. 15:36'and 15-37). However, & ‘variety.of patho- .
lcgl -responsss have been described in the lungs of
depending on’ the: type of exposure and it
sh uld. Be realized that there is mo suc:h entlty as

l"IIlBS.

cuRe s 8 mékel‘compounds in the fonns of fumes and dusts :
-35 : ; s calcxmno
i lung from a sub]ect who had! heen axpcsed ta achers for - - Gan locmr o nickel mm'mg ':eg‘lmng d fioh of
-nany years showing a diffuse reddish brown appearancs and . Smelting, and electrolysis and in the production o
- multiple stellats gray-brown lesioas. (See also Color Plate 4.) mckel alloys it bas been kmown fgr a [Qno time. that a
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Ia: hxstologn: type 1s spec1ﬁc to mckel exposure

high: mcxdence of nasal and lung cancer has been
associated: mthexposures to mckel during refining
and thése have become prescnbed diseases” Workers
involved:in nickel mining ard steliixg Have not
exhibited  the sarme. levels of hmcr and nasal cancer
risk a& those in refineries. N excess risk of these can-
cers.has been found 2 #riong men working in nickel
“alioy- sproducnen :However, | ‘because’ the majority
of -epidemiologic studies have lacked:'details- of
amounts and types.ofnickel compounds towhich the
workers have been exposed it is not Kilown precisely
which nickel fofms ire carginogenic.’®® No particu-

- _ows collec~
. Hans of dust-faden: maaophages with Jit-
tls Bbmsxs [Luw power.). i L

although squamous are the most Erequent lung carci-

aomas.
Acute heavy, exposures to- mckel have. caused

diffuse .alveolar “damage. - Exposure to mckel may
cause oc:cupauonal~asthma CorEL

Tin .

A pneumoconiosis can result from the inhalati.on of
tin dioxide (stannosis). This ‘- occurs principally
among those who bag and sample the cassiterite. or

réfitie’the.ore metal. Tin dioxide °

who smeltan: fdfng
iter i'nwa.ll Great

FIGURE i5-37%° ©
The same case as Fig- 1:~36 shows the. .

du.st—laden ‘macrophages. (Medxum power)

L VR DT U
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gritain, and Bohvxa and those who mine the ore are- -

also exposed: to substanua! amounts of ‘silica:

Therefore,-in tin miners the ma]or problem is silico-’
sis and silicotuberculosis although in Cornwall the"

incidence has declmed considerably since 1950,%%°

Stannosis, ‘which'is caused by exposure,tp tin.
per sé, is characterized: by striking radiologic opaci-.
s because tinhas a high atomic number. However,

.+ subject is usually well-dod shows htde xmpaxr—_

meat in lung function.:« -

MacrascopxcalLy, the lu.ngs contam numetous'l

gray-black faciles up to about 5 mm in diametet."

Mmscopxcally. the macules are charactenzed_

by numerous dust:laden: *macrophages assdciated’

© with little if any fibrosis.’”% PMF does not occur. The'
mmcles afe strongly bxreﬁmgent The dust contant'

o individual lungs.-can:feach 3 g tin  dioxide:’
Microprobe analysis of the: tissues v will reveal the tin.

An inreaséd. risk of .lung. cancer Jhas. Been‘

reported i Corniish tin mmers but thxs was probably '

due to tadon expasure. Rl

o

T}cmlum

Titamum dioxide'is a wl’nte powder nsed in the dye
“welustry. During the’ gnndmg of titanium dioxide,

dust particles within™the Tange 0.5 t0-1.0 pm ‘are.

released and can be xnhaled itito-the-lung. It is-a very.
inert dust and m'ammals “it'is-sometimes used -as.a
negative control for m.ha.latmn studies. Elo and asso-
ciates'”* studied the lung “tissyes from three factory
workers employed in “procedsing titanium ‘dioxide

" pigments and fourid collections of macrophages con-

tuining black pamcles ‘Theéss Wéie situated around,

~_the bronchovasc\ﬁar bundles and in subpleural

areas. The. pa.rtxcles were birefringent when viewed

‘with polarized light. Theré was little Bbrasis...

A . granulomatous " pifednionitis' has been
described rarely in assomauon thh titanium expo-
sure,'’?. L - . .

T

St e

Asbestos xmnerals aré @ group. of natm-ally occuxnnc
fibrous §ilicates that pasdess good thermal, acousfic,
anid electrical insulating properties; they have flexi-
bility and high tensile strangth-and are stable in alka:

“line and acid “énvironments. Their use has “been

widespread ‘and they have been mcorporated into
several thousand différeat:products; including tex-
tiles, insulation’ products;-cenient, reinforced. pIas-
tics, friction materials, filters; floor tiles, and pamts
In fact, their use goes back several thousand years.
They were used in the manufacture of Finnish pot-
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' tery in 2500 8.c. The Romans knew of its five-resistant -

propertiés. Asbestos has been referred to by Marco
Polo in the thirteenth centity and by Benjamin.
Franklin in the early. eighteenth century.’”® It has -

been present ubxquxtously in’ the environment- for.

greater than 10,000, years since it has been demon-
strated in Antarctic ice -samples.'” However, the .
major industrial exploitation of asbestos began in the .
1870s when large deposits were found in Quebec

(chrysotile) fotlowed by Russia (chrysotile) and
South Africa (crocidolite and amosite). The produc-”-
tion and uses of asbestos. throuohout the world have
increased from about SO tons year in 1877 to a geakaf”
nearly 6 million tons in the mid-1970s followed bya~
reduction to about 4 million tons*in the:1980s.:It.
should be realized that everyone i§@xposed;to a lov:
background level of asbestos and the.normal lung
contains a low level of asbestos fibers. ;-

Asbestos minerals comprise two sepaxate mmer—
alogic groups: serpentine, the anly member of whith
is chrysonle {white) asbsstos, ard the a.mphxboles
which' ¢émprise amosite, crocidolite, anthophylhte
trembolite; “and: actmohte The major commerc:al
formis have Been chrysotile. (90 to 95 percent) and
crocidelite and amosite (5 percent).

Individual chrysotile fibers are phable and curly

. with -didmetérs. averaging 0.06, pm.*"? Amphibole’
fibers, 6the other hand, are straxaht ngxd and'more”

Brittle “straétures. . The: finest dxameter amphxtgol_e
fibers airaverage are croczdohte followed by amosite™
and’the thickest are. anthophylht& 5
the greatest variation being: relauvely thick
locations {¢:g., California and Greenland) z
others (ég., South Korea).?”® The, physical ormsé of
thefibers dre impertant in their relative pathogénic-
ity. The difference.in chemistries batween the.fibers:
allows therh to be readily identified in dirborne' an& .
tissue’ samples by modern analyncal transmxssxon
electron microscopy. ..

Exposure to asbestos_can occir in a va.nety of
ways; broadly classified: by Zislhuis"” ‘into’ difett,
indirect (bystander), _paragccupational (e'g., house:
wives washing their husbands’ contammated Witk
clothes), nexghborhood (living in the vicinity" of
asbestos mines, dumps; or factories), and ambiént (in
bmldmgs where there are asbestos-contaxmna ate-
rials). Table 15-10 gives a list of sources of exposure. -

The level and size distribution of airborne fibers

© at these industrial sites will vary according to the
* amount of asbestos used, the manipulation processés

(e.g.. sawing, grinding, ‘milling), and fber type and
this will determiine the risk of disease. It is generally
accepted that exposure-to amphiboles ‘is far more
dangerous than chrysotile. This is because there is a
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TABLE 15-10

Exposures to Asbestos Ma teri als ;
Mining and milling of asbestos o
Insulatxon wcirk S
Ptoductxon 6f cement and cement pmducts
Fnctum products ; .
thpbuxldmg
Textiles 0o T 0 L
Fllters . ‘ < )
Electncal work - 5o
Constmcu_qx_; work : AR
Rajlwaywork. .. =7
Power stations « o o TR
Irdn abd stee]. mdustry BRI
Gas mask producuon o ey e
Paraoccupatmnal (famxly) mtposure
Neighborhaod exposute—-!mng near asbestos factones
ordumps it oree B

dszerentlal rdte of clearance &om ‘the: iungs.betweenf

chrysotxle and’ amphxﬁo!es arid itappears that itis the

retained fibér burden within "the: lungs that is. an. .

important determinant of disease: Rapxd clearance of
cbrysoule from the' ung has been shown. hoth i in ani-

afteg about 3: 10 n‘ths and thelevel mthxn the luna-

therg ‘xs cgntmumo exi)osuxe and this mcreased. level

4 perswts after cesséuon The half hfe of amphxbsles in

short bers are clea:ed efﬁcxently whereas lang ﬁbers

(>10 p,m) are ‘not Therefore, with increasing, time

following céssation of expdsure the relative propar-
tion. of long-fibers retained increases.’®>!** Animal

‘mhalatxon studxes ‘using short-fiber. preparations of

asbestos arid erionite produced little or no- disgase,

-whereas ‘long-fiber preparations produced fibrosis

and fumors.? 185369 Fibier clearance may also be inhib-
jted by the. concomitant exposure to other dusts such
as quartz ',' d titanjuf*®” andicigarette smoke.?®® No

onstant,” whereas ‘amphiboles: are less-

. cyanosis, and tachypnea may be p.resent However"

studies of & exposute to asbestos in human bemos have ;

exammed the "possible- potentiating role of other
dusts in the d.tsease-causmg ‘potential.

. Exposure to asbestos may cause lung fibrosis
(asbest051s) lung cancer, rounded atelectasis, pari-
etal pleural plaques.idiffuse pleural fibrosis, benign
pleural_effusion, and mesathelioma.- The pleural
lesions wﬂl be descnbed in: ‘Chap. 34. Howevel: itis

_-usually seen after prclonged sub :
Sure’and the latency from first exposure tu chmcal

worth making one very important peint—exposures
necessary to produce the pleural complications are
far less than those required to proditce asbestosis and
luna cancer, probablv ore to twc orders of maomtude
dlfference LU aa

Asbeslosls (lncludmg AH’WGYS 0156059) Ee

Asbestoszs is defined “as diffuse mtersnnal pul—
monary fibrosis caused'biasbestos exposure and the ™.
term ‘should never be uséd for any-pleural chances
The first histologically confirmed case was descnbed
in Great Britain by’ Murray ifi 1907-but it was not -
until 1924 that Cooke proposed the term "'ashestosis”
and published a detailed. description: of the dxsease e
Following the report by Merewether and Price. in
1930 asbestoszs was officially xecognized, in the

o ‘Umted chdom and inclided within the.promsmns

of ‘the Workmens ‘Cémpensation-Acts, .and the
Asbestos Industry Regulations . were- formulazed
Over tb.e decades thase: reoulanons have, becqme pro-
gressxvely fore strm‘gent\ sa ;;:that

to asbestos have decreased from’ we[! in excess of
100 f/mL before the 1930s to about 1 f/mL in 1980.7°

The Merewether and Price study was of heavily .
exposed asbestos textile workers who showed a very
hx,,h mdldence oflung ﬁbrOSJ:S mth s

; ptoms deveél-

pheumagconiosis usually exceeds 20 ‘years." “Thg"
provalence of asbestosis is -ass ted vx'th ‘4ge, -
cimulative exposure, fiber type, an
Clinically asbestasis may be assg
phea, nonproductxve cough and
auscultation. In advanced dxseas

many patieats are asymptomatic.
Small irregular opacities are the radzolcwlc hall-

mark of ashestosis although they are not spec;ﬁc [n
particular the milder grades can be caused by. smok-_
ing per se. 193.19% pathologic examination of the lings”

miay reveal asbestosis. when it is radmlagxcally unde- ‘
tectalile. Severe degrees ofasbestosis may, result in a,
honeycomb appearance. although nowad: )
uncommon. Pleural abnormalities such as plaques or
diffuse thickening may also be. present. It has been:

~claumed that computed tomography is more sen;ssmve
and specxﬁc for the recagnition: of asbestos&s. Bt

this has ot been valxdated by i:ustopatholomc stud-
ies of large series of cases. o
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~ability and. will require extensive sampling of the

v h

The altérations in lung function in asbestosis are
those found in réstrictive forms of lung disease—a -
-reduced vital capacity and reduced difhision capac-
ity for carbon dioxide. With progression the total
lung capacxty decreases.A

MACROSCOPIC , A
Lo asbestosis is present there is frequently fibrotic
snckening of the parietal and visceral -pleura. In
severe cases the lungs may be encased in a thick and
often calcified covering of dense hyaline fibrous. tis-
sue. .Parietal pleural plaques may be- present.

. However, there is no correlation:between the pres-
'ence_o't‘"e;'ctéﬁt' f pleural chafige and the presence or

extent of pa:enchymal abino a_lmes. In severe cases
~fasbestosis, if thera is little arho pleural thickening,
i -pleural surfaces ‘will ‘appear bosselated. The
lungs are reduced in size and show boneycomb
changes, which are most marked in the lower and

’ subp!euraﬂ bases: Inlesser. degrees of-asbestosis the

lungs: may just feel ‘indurated :or normal, but on’

.micfoscopic:examinations conaderable ﬁbrosns will

be observed:-At.the earhest stage - the fibrosis is
observed as fine gray irregular streaks but with pro-
»ssion they become. thxcker rand arg ‘associated with

x;brocysnc spaces (Fig. 15-38). Typxc ly the chanaes me

aregreatestmthe lower zones butocc onaﬂy th.ls is
uke ‘wiany’ of these: subjeécts. smoke,
emphysema ay also be'ptésent. This disease will
counteract the tendéncy for shrinkage: of the: lungs E
and will bé assaciated with an obistructive profile on

" lung function. It may be extremely difficult to assess

'lin-precise implications of asbestosis and emphy-
w8 to impaitment of lung function and clinical dis-

Iung f'or microscopic evaluatmn.

MICROSCOPIC

Caceful sampling of the lungs is necessary to diag-
nose and assess the severity of asbestosis. If a tumor
iipresent the assessment should be on tissue away
.om the tumor and preferably on the contralateral™
side -because tumors can result in local fibrosis.
Tissue samples should be taken from the apéx of the
upper lobe, apex of lower lobe, and basal segments

-and ‘major bronchus to include nodes,*” bit ‘somé

authars have recommended as many as_ 15 blocks
from each lung.in cases suspected of asbestos~re1ated
disease.?9® Tb.e earliest changes are seen. in 4nd

<round the Jfespiratory bronchmles with fibrosis of
their walls: THe riext stage is exfension prmamally in
the walls of the. temnnal brofichioles and: distally in
the walls of the alveolar ducts and adjacent alveolar

_sometirmes containing mitcous cells.
métaplasia may dlso occur. Cytoplasmxc gosinophilic

FIGURE IS'JS
Lung shows axtensive honeycomb change with a peri pheml car- .

clnoma inthe ipper part of the lower lobe.

R septa Wxth further provressxon there_z xs.lmkxng up Y

atory br

alveolar ducts and rsspuatory bronchxoles by
sis then oécurs, which leads to dilatation of the
.-ual, structures——so-called honeycorb ¢hange. “T he
remdual cysty.c spaces, which may measurg up.to 1.5
cin, mdy becoine lined on their inte al”sufaces

by hyperplastic, cuboidal, or ‘¢olusinar epithelium,
Squamois§

byaline bodies, similar to the Mallory’s-hyaline
observed in liver cells, has-been observed in appro%- -
imately 7 percent of cases of asbestosis."®” The fibro-
sis is not uniformly distributed through the lung, the
most extensive changes being seen in the lower lobes -
and subpleural area. However, with proaressxon ‘the x
microscopic changes will also be observed in the:
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e -

“Fibtasis that links p adjace

A pxratory“h‘fanchmles* .
Grade3

bronchioles -and:
- Z'dis;to:r,ﬁ'o'ha T

‘_with-li-ft’ledarclﬁ?t‘ec'turhl o

-Asbestos bodies-are: thre halimarl of pubmonary
fibrosis due. to asbestos exposure. Because.they form
yiboles——they”

TG HIGUREIS-0 . e x g D

- Slight Gbroasis around a respiratory bron-
chiole with extefision into adjacent alveo- .

* [ar walls—“grade 2. (Low power:) ~* =" 7 150
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possess a.clear fibrous core. They are coated with an
. jron-protein—mucopolysaccharide * substance and
‘appear as golden brown, beaded, dumbbell or drum-

“stick structures (Figs. 15-43 to 15-45). They show

positivity with Prussian blue stain because of the
iron preseng “This.can be used asa screemng proce-

IGURE !S-M

interstitium and in cases of moderate to. severe
asbestosis are usually easily found. When they are -

‘not easily found it is usual that the fibrosis has not -

been caused by ashestos expasure; it is uncomubn in
my experience to dernonstrate a very high asbestos.

fiber tung burden 1 by mineral analysis in such:cases. .
3 ifoi ;only a mingrity -of -
: nd

FIGURE 15 42 ’
Savare intécitidal Abrosis with acchitectural

dnslomon—grade 4 lesion. (Low power)
S 495
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FIGURE 15-44

iMedium powet)

15-43 showing aumerous asbestos podies

n Fig.

Same case 3s i

496

HWBUI0009245



ey f,:’. ..,5,”&. v

"’

welders and steel workers, tend to form fermamous

bodies more easily both ar asbestos ﬁbers and other

minetal particles.’® In these subjects great éare has
to be taken: in evaluating lung fibrosis in relation to
“ruginous-body content because many, of the.ferru-

gidous bodies will not be formed on asbestos. One-

caif dlsoise a.grading scheme for dstiestos bodies.?%*

This ‘shaws -aigood -correlation ‘with ‘asbestos ﬁ‘oer
level. determmed mcmanalytxcally and' extent of
fibrosis. Other features that may be sé&n in cases of

ashestosis are foreign body giant cells, often located -

around the asbestos bodies, osseous -metaplasia

ies.

Some authors haqe -agre d,';_hat penbronchm[ar}

0S5 e
a.sbestos) should not be. called ‘asbestosis but's
eral dust mining c:hsease."?"s th_s is largely a matter

rouUnely autopsmd.su ject rhion :
asbestos has gccurred:and in mosk casesis relatéd ta’

cigarette’smoking: Second vanety of othier mixed
dusts including silj,ca, coal dus_. iron oxide;and ali-
minum oxide can be assomatef with sifailar charigés::
Mineral analysis is required in this situation tg assess

the relatxonshxp to asbestos. Howaver, these cha.nges

- exposuré _than bestos “pu

+ monary:Bbrasis can occur g}(xb)ects with, asbestos
. exposure;’ 208 and they mayalsa:stiow. pleural: changes
 but exammanon of the lun'\i‘txs'sue will réveal scant
" ofabsent asbestos bodxes. Minéralogic anal}'SIV £
" thése casss’is- useful in demonstratmg a relauvely‘

low Bber level.

FIGURE 15-44 :
Eleetron microscopic appearance of naked amphlbo{a fibers and ~

ashestos bodies,
497
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- one:third of cdses of’ grade 4*{severe) asbestasis
and has mehed that it is  hélpful'in- dxstmgmshmg _
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The diagnosis of asbestosis should not be made

on small b10p51es because they are frequently unrep-
resentative. Also if a tumor is present in the lung
fibrotic changes in the vicinity should not be oyerin

terpreted because tumors frequently result in' ﬁbrotm .

changes per se. If one is dealing with a postmortem

case the assessment of ﬁbroms is best performed on .

lung.

_ Sarcoidosis, extrinsic allergic alveol:us.
tiocytosis X also have to be dlsnngxnshe fro
asbestosis. They tend ta show a greater upper “Zong)
distribution of fibrosis although there’dfy excepti
to this. The demonstration of granulomas or foci of

histiocytosis. X-will exclude asbestosis. If there are

any doubts mineralogic analysis will be b,elpful :
Other mineral dusts including tale, mica, kaolin,
and hard metals can result in interstitial fibrosis.

. Lung fibrosis induced by nopfibrous silicates is asso-

ciated with éxtremely heavy miffisral burdens,?® and

there should be a.good history of exposure and
numerous easxly xdentxﬁed*mmeral particles within
the lunc' Mmeral ana}ysx§ ’can be helpful o thxs situs

ation. " s

Haxhniar has reported focal: osaﬁcauau in about
207

asbestosis from’ iaterstitial pulonary: fibrosis (Fig.
15-47). However, this featufe’tndy be-seen in intersti-
tial pulmonary ﬁhmsxs dnd the most reliable diag-
nostic mdxcator is a hxgh level of asbestos within. the

. lungs whether detérmined by asB_éstos body content

i h examnﬁmﬂ the effects of smoking and asbestos expo-
" sure and. the xrrsk.of the’ development aof lung can-

-nsk was apphcable'-to a heavily exposed group of

" industrial process, being relatively high in textile

: rmmeraloalcallv

Asbes?os Related: Lung Cancer

: n luno cancer and asbestos exposure
was first estabhshed by the systematic epxdemxologzc
studiés of Doll?%:and Breslow?® published in 1955.
~~In 1979, Himmiond and’ celleavues published a study -

Cer.?10 They fo d"that the effect of smokmc and
ashestos eXposiuréon the risk of lung cancer was mul-
nphcatwe It should ‘be realized, however that this

msulatmu workers, nearly all of whom had asbesto-
Z:sis?'* and should not be-appliedto all other groups of
asf)estos-exposed workers: The .excess lung cancer
risk was much less in other cohorts dnd variéd with -

workers . and. very,. Iow in friction pmducts and
asbestos cement ménufichiring.**? I _some’ groups
the nsk was between addmve' ) d muluiahcanve 2?.’*1

) The nsk of Iuno cancer also” va.rxe‘ fthh ﬁberv
type; con51stently Iow_er ‘Fatés' occur in- cccupational
cposed o™ chrysatile -félative to. similar o
_exposed. t6® “amphibolgs: 'example,,the;_.
stan.dard martal;ty rate for'lung'cander for: chrysotile-
mining and. xmllmw is ‘135 whereas for amphxbolej

4

© e e e

FIGURE 15-47. G :
Sevare intérstitial Rbicosis. wuh an area of L

assification. (Low power.}
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: -Ncnasbestos Fsbers ’

. The latent period from the first exposure to
asbestos ‘asid the development of an asbestos-related
lung cancer is usually in 8xcess of 20 years: and usy-
ally requires proloriged heavy direct exposurée. Churg
reviewed the literature pertammo to ling cancer type
and;asbestos exposure and found that all the major
histologic types occurred. 25 However, there'are sev-

el limitations to this kind of analysis. In-many
... s there has been no attempt to separate within
the: cohorts thiose tumors ‘that are related to asbestos

exposure..and those thdt are’not. Similarly . little-

attempt was made to contrdl for coftfounders such as
sex and year of dlacnosxs A study by Johansson and
associates,?1® which controlled for these, factors,
founid that there was an, association between adend-
carcinoma. of the lung and a penphetal Tocalization

+ith asbestos exposu.re However, the data are shll
uut sufficient to use the histologic type of carcinonia
inan:ashestes-exposed worker. for asc:npuon ornot of

'lung cancer to asbestos. exp; SU
+There is now reasanabl evzdence to tse ‘the

: presence orabsence.of. asbestosxs 35the criterion for

asciibing a- Iung canger to asbestos (see ‘Fig. 15-38).
Epldermologlc and hxstapatholcglc “studies “have
indlicated that lung cancer risk from ‘asbestos expo-

‘recis ingreased in thase mdusmes where asbesto-

.sis ageuss but not in those: whet it’ ploes notiand

that-it incréases with. Seyerity, E3 bestosis: ;31218

Furthermore, the increase appears. to’ develop’ when
there is radiologic evidence of fibrosis,**? and ‘this
torresponds. to histopathglogic grades. of 2 or 37or
.feeater.” Animal . studies, ﬁave shown‘a strong link
‘hetween the- development of lung ﬁbmsxs a.nd tumor
i ‘m'mon.zza e e : :

LU

Thesevmclude natural’ aﬁcl synthehc ,ﬁbers (Table

- 15-11), a proportion of which are respirable and

therefore potentially pathogemc “Ififormation . con-
cerning | their’ health effeéts is limited but continued
szla tice For - possible health effscts from exposure to

‘e Rbers should be maintained bacause of the long
. -t periods between first exposiure to a fiber and
Ihe development of pleural and- pulmonary disease.
Their use as ashéstos subistitutes, parncularly the
synthetic' fibers, has been- 1z1o:rs.-a.sm<!r over recent
years.
" ‘The natural group. mcludes sepxohte, attapulgite
{Palmorslute}, wollastonite, and. zechte The infor-
mition on these :fbers is.very ] Iumted Attapulgite

-posure has been linked to lung éancer®®* and wol-
'dSIOmte has been associated thh pleural -plaques
and lung Abrosis.?*? Further studies of these fibers

‘The‘thajority of gpidemiologic studies of glass
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TABLE 15-11 ..

' Commonly Used Inorganic Nonasb estos
Mineral Fibers :
Natural Synthetic B
Sepiolite .. Mullite
Attapulgite/palygorskite " Glass ©
Waollastonite .Wool o
Zealite Flber S

’ Continuoss fildgtert
) Minerat wools
Rack :
3 ... L sweg T

‘are needed anzmnmental axposures tg.erignite (2
‘Hbrous- zé6lite) have heen assocxate& w:th very. hldh :
rates ‘6f mesotheliomaand lung cancer in thie '
lages in Tu:key 223 o anxmal mhalatzon s’tudlg _en— o

from any known fiber.
THe synthetic group mcludes a vanety of dn‘ifer-

ent fibers and: bath workers ‘and. the genezal pubhc
“Hdve Been. expdsedrm them. Mullite: fibers ar
ity fothd .in the lungs of. normal in
i E-the fibers are formed: from; combustx
sil fuéls! inereased numbiers.are found {n the
coalifiréd: pEwer statxon workers but th
appear to have any pathogenetic significan :
~The other fibers are rarely encountered ¢ on mid-

gral “ahalysi# '6f: human - lungs. - This .is. prabably:__, L

bacause the majority are not durable in.

due

_rackfslagiwool;-and continuous; ﬁlamen :
d :

‘_"'workers ‘ha"ve got. shown an mcreas

in thé’ ea:ly producuon pha.se and the 's_ru es'have’: ’
ot “been well: codrolled: for confounders such as’ -
smokmg ‘and-asbestgs. In sumniary, the exces '
caiicer mortality found in some production’ workérs
may not necessarily be caused by exposure to air-
borne manmade mineral fibers.¥***** Sy
- .Therb is some concern about re&actorj/
fibers because-these -are durable inm lung tissués.
Animal uihalanon studies th.h these fibers'havepro-
duced lung .cancers and mesotheliomas:®*® They.
have been produced in Iumted quaitities and only
represent approxxmately 1'to 2 percent of world pro-
ductxon They have been used ‘in paper, boards, blan-
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kets, ‘and heat-resistant linings of furnaces. No

mesotheliomas or lunc cancers in’burnans have been"

linked to refractory.ceramic fiber exposure so far.:.

ORGANIC DUST DISEASE

A simple classxﬁ,canon of organic dust dtseases is
shown mTable 15 12. et

Occupchono_! Aslhmo

“Occupatiqnaf asthma is asthma which is due, in
whole or part;"to agents encountered at work.”**”
Largely dueto’better recognition, but also due to an

increased number of chemicals in the workplace; the .
. prevalence of occupational ‘astima has increased.

;over the last two decades. More than 200 chemicat -
* by the. mhalatmn of cotton dust and now also caused

agents have ben implicated:in its causation.-Some,of
the_most - &equent -ate :ySocyanates, anhydndes,
stals, animal proteins; wood dusts, and
grain and four dusts. Occupatidal-asthma is now

- the wiost prevaletit’ occupauona.l lung disease {m
- developed ¢ countnes 228. - s

.. There i$'4 lag ‘period varymu Emm months to
years aftér startmg g Jo‘o before symptoms.commence.
nitially, Symptonis’occur at work-and improve y when

the’subject s away-fréoni-the: sworkplace-but: as. the B

condmon ‘progresses ‘thetsymptoms may become pet—
sistent'and the typical'work related pattern | lost.:

Agents can cause o(:cupanonal asthma by sev-
eral mechamsms 28 5e gy ,

o . :A”.

o2

X Immuno!og.rc:——-thmuah an unmu.uoglobuhu

' (IgE]-dependent sigchanism where specific IgE antl-

bodies can be idshtifiéd in tbesub;ect Positive skm

i ‘tests fo the'antigen maybe present, although t these do

not always coilicide with symptoms and, may there-

fore'be a marker 6f exposure rather than disease. This
s usually mduced by high molecular wexght com-

pounds such ds’ ammal and plant protems L
_Through "non-IgE:dependsnt rnechamsms but

probably mvolvmg cell'mediated-immunity. Specific L

IsE anubodles to effendmc agents are-not usuaﬂy

e aepera
. REl

Classific canon of Orcaruc Dust D1seases
Allergu: o AOcr:upanonal asthma .: -
- Huxmdxﬁer fever '
. Byssmosxs 3 :
B Hypersensmvxty pneumoiititis
“Toxic . 4 Acute orgdnic dust toxic synd.rome

Bes s3e

(mycotovuc:csxs)

‘identified in the subjects. The majority of low malec-
-€yanates, co!ophony, and wood dusts.

" the symptoms. Some may: be due to dxrect xmtant or .
: phannacolocxc reactions..

‘Byssmos;s v ST

-that; some, of the wor

.A smﬁlar illness ‘has been descnbed among’ ﬂax

- catdmﬂhe raw cotton, forfnerlya véty dusty process

- ers.

-of the chest, couoh ‘and asthmatic wheezmg. th.ch

' than .20 years of éxposure. Roach and’ "Schilling®?*
ldnnded

:Grade [

| ‘Gg‘éd‘elx'-

-ular weight . compounds . that cause “ofcupational
asthma.act through this pathway, for example 1s0-

2 Nonxmmunoloazc———In this type reexposure to
“small amounts of the: offendma agent does not cause

~ The paﬂmlooxc chances for each type of occupa-
tmnal asthma have not heen well stiidied but: appear
-to be similarto-those of nonoccupanonal asthma

’,.; R o

ok

Byssxnosxq, denved from the Greek work meanmg
flax, . 1s‘the term apphed to respxratory disease caused

by flax ang. hemp, o
Forovera hundr d years it had been recoamzed z
g__aaed m the Lancasku:e '. 2%

Swbgha

L

iy

P ara

~warkers in Northern Irelafid, 2% aid hemp workers in
Italy and France ¥ In thé cottod industry:it occurs
‘particularly amieng those émployéd: in- Blowing:and

-

(R

and the’ prev'alence is mcreased in cxaarette smok«
232

‘ C!xx;xéally the condmon present.s as-ad uahmess

is most noticedble when ‘the’ opérative retwns to -
work-on Monday after being away from the mill for
‘the weekend. It does not usually develop with less

sl At R

‘“-u.'rlﬁl e

ki sevemy of byssmosw into, several grades

\“Svmptomless on Mondays .

',tract o
"Chest uahtness or breathlessness on. the
45 sfirst day of the-working week only .

" Chest tightness or. bteathlessness on the
first a.nd other days

Chest tightnéss or breathlessness accom-
pamed by peérmanent-respiratory-inca-
-pa éxty Erom reduced ventilatory-capacipy

3 shudied the lunash

Gride 2

c;ra&ié‘ 5

Edwards and coworkers

“Froti 43 ‘byssinotics and found that the proportxons of
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‘muceus gland, muscle, and cartziaae were mcreased
in the named bronchi. Emphysema does not appear
to be increased.*** So-called byssinosis bodies have
been’ described_but these: are - probjbly ferruginous
bodies formed on carbonaceous ‘material.and are. nei-
ther specific fornor foupd-in everycase of byssinosis.
It will be. realized &om thi description: that .the

pathologic changesare nonspeeific and the dxagzmsxs :

has to bé riade‘an clinical grounds --'.1. .

Exrnnsic: Allerg;c Alveohhs (Hypersensnhvnfy
Pneumomhs)

Ses Chap. 18 L

Hum:dlf‘ fer Fever R
Sub;ects exposed to "condxuoned":aﬁ: contammated

by. mxcrourgamsms_ such-as “baeteria-and:, fung1 can

develop:a condmou called huxmdxﬁer fever, ~charac-
terized by mild malaise; feve: weats, cough; breath-
lessrigss, and’ genieralized aches: It usiially develops_
on the first day of'wark after.a weekend,or hgliday
butresolves spontaneously Within a:day:or two even
though thiere is-continued éxposure: The pathology
and pathdgenésis-of the condition are itnknow, The
clinical and laboratory- changes aresimilir to thése of

acute extrinsic allergic alveohtxs except, radmloglc :
changes:are absent and it does not progress-to lung .

ﬁbrosxs. o

Acute’ Org:xmc Dust Tox:c Syndmme .
(Mycotox:, osis)., ;T )

This s}ndrome follows exposure ta- very l:uc,h' levels

a toxic'rather thana

-of grganic.dust containing ﬁxggal spores and. hyphae

anditds thought to ‘act throu;

hypersansmvxty mechanism, 23237 [t Kas « been

described in farm workers ‘who have unloaded stor-
age silos, cotton ‘workers (“mill-fever?); and storage
elevator workers (“griin féver”).-After axposure the
sub)ect'deveiops an zcute inflyenza-like xllness and
crackles are fréquently. heard’ o' -
radiographs show diffuse mﬁltrates 3
usually self-lum,tmv althouvh it may perszst Ior sev-
eral days. It shares many features with'acute: farmer’s
Iung and sx.lo-ﬁller s dlsease, whu:h xs due to mc:ogen
dioXide toxicity. -

- Few cases have been studied pathclogxcally A
neutrophilic inflfats: affects'bronchioles, alveali,

‘and interstitium -and ﬁmgal ‘Sporesimay be present.

~

Granulomas are not seen {cf extnnsxc allérgic alveoli- .

tis}). Bronchoalveolar lavage fluid. takel wzthm a few
days of the onset shows an increased number of neu-

“trophils and frequently fungal spores.?*®

19. :Collis EL-Industri
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