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Nagelschmiot : Dust Content in Lungs with Asbestosis ~ 66

" exposure, followed by one year out of dust. He found muny unbestor bodies
snd fuwer needles of free asboston ond identifind the Ixtter ax chryaviile on

W niaterial buelieved to be gypeumm which he found in some sectiona, bire-
fringence wan low with the higher refractive index parslie] to the fibsr
ml. and the Abers behavad 3imilanly to fresh chrymtlle in acid leuchlu
«xperiments.
Bekor made muny mwuuremenu of the frequency and dimensions of tbe
ubutoa bodies and fibers and estimated thet one cubic cm. of Jung m-

‘velute of 2 Hiren for buth funys. He gave the gvarape dimensiona of the
““(reec fibers ax b0 # long and 0.5 u wide. Koppenhbter (1935) examined by
4 dark ficld microscopy tiasue sections of the same lung embedded in bromo-
. bensene (refractive index, 1.660) and found very large numbera of needies
> far smaller than those described by Heger, but these would not add much
, 1o the estimated weight. The identification of the asbestos as chrysotile and

the weight estimates must both be conniderod unre!inble by present-day
cgandarda.

'Sundms and Bygdén (1938) worked on umplu of the lungn of an as-
bettos worker who had been exposed for 21 vears and died 2% months

‘after the end of the dust exposure. The lungn had been ntored in a galvan-.
‘zed vesse) for several years and were slightly contaminated with zine aalts.
The authors used the hydrogen peroxide method, which they had developed,
o destroy the lung tissue, and they slso used 3 mechanical method: flings
of the wet Jung were sieved in water, the sieved suspension was centrifuged

rwidue was then fractionated with mixtures of acetylene tetrabromide
".and benzene. The. huneu Traction, of density, 2.87,"contained Tres
F gpbe ‘ z.ois"'"’””

e bauls of thely uptical propertion. The cafrartive inten avomiod aitallae:

and the residue washed successively with water, alcohol, and benzene. The‘? ),

“ained 0.02 tg. vf anbeatos. This would be equivalent to 40 mg. for & B

.
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fractive index in tho fiber direcnon, with ny most pear 1.70 but- varying §fbers, or what propo
down to-2.638, No ¢lear evidence was obtained for the presence, in the luw i zecognizable as fibers.
. dust, of crocidolite or chrysotile.’ . .

. Ina later publication Beger (1949/1860) questioned the identification fis, . T4# Lung Dunt €
- by Sundius and Bygdén, of the asbestos as 8 hornblende variety and trin Several years ago a

© to prove that they had in fact been studylng a chemw&lly altered ehrytoﬁk HiMines Research Estal
 but his arguments do not seem convincing. sabestosis, Most of

. The only later work to be mentioned here is thnt of Beattie and Knat
(1961) These authors examined samples of lung, lymph glands, and plevn’ v&“““h Unit fn, Car

. of 80 people who had been exposed to asbestos, malnly chrysotile, for pn ;n!niml thoderate,cor
" “lobged periods. They diatinguished four grades a{ubeotoaia none, minlmll' : “"‘ given by Beattic
‘ In
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Nagelschmidt: Duat (kmumt in fautige with Asbuostosin

M, what proportion of the quptitles in the m\tduu wrre tn facy
fecopnizable as fibers. - . .

The [mnp Dust Content of Asbestos Workers from Great Britain
"Several years ago a preliminary ntudy hud bLecn made in the Safely in
Mines Reseurch Entablishment of the dust in the Jungs of some 20 canes
. of anbeatonls, Most of the lungs had been supplied by R, M. McGowan of
" tbe London Pneurnoconiosin Medical Pancl, others by the Pneumnconionis

a7

Research Unit In Cardiff. The grade of asbustonin had been assowsed as ..

* winimel, moderate, or aevere by the pathologixta concernad, unmg the erle -

terls ﬂven by Besttie and Knox (1861, p. 420).

* In'mvst cases whole lungs (right, Jeft. or both) were av;n.ble. and
representative samples of one or both lungs were used for analyais. The
umples were minced. dried, and ground. Between 20 gnd 30 gm. of dried
ground lung were ashed at 380°C., and totul silica and jron oxide were
determined chemically on part of the ash. Another aample of ash was ex-
tracted with 0.1 N hydrochloric acid, washed with water, and dried to give
» mineral residue for exumingtion by light and electron microacopy and

X-ray diffraction. ¢ C e

'u tompletely as posaibje and at the same time to atlack the asbeston aa

lttle us possible. Experiments with a fine chrysotile sample from Southern
Rhodesia (previously used by Smith ef of., 1951 and referred to an 25 4 .
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The object of the acid treatment wu to remove endo:anou- )unz um

~ _ssmple), and with norma) Jung ash, were made with different buffers and -
hydrochloric acid at different concentrations, and 0.1 N hydrochloric acid
. as finally used as a compromise. 1t Iqttinbopg 20 par cent of the ash from -, -
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R nonml Yuig and removed 30 per cen} of the chrysotile, but tbe remain!u
d\rywtile could um be {dentified by x-ny difiraction and polarired ligh

0 R O S !
- "Detalled multa of the analyses, Ltogether thh expoaure and aumhl .

times, are given-in TABLE 9, in which the lunn have been xrouped by &'

. .creasing grades of fibrosis. Average Terults ‘for the amounts of minerd’

residue found’ are given: ‘in"TABLE 2. 'rhere s ‘a’ slight {ncrease in‘'tn

amount- of. dust wlth incmulng gnde of ﬁbroalu. “but the diﬂerem “bex

o A

llodrja.) eamera
ﬁ'\e two asbestos t:
thre identiﬁnuon
cxgeroseow og Xt
of -mnll amcunts

expreuod 82 per cent dried lung show hardly any diﬂerenee. _
-‘9996%»'? K 1] lgbt mtcmeopr. 'I‘he smount of mnu
‘trom Bll 46 slghificant Droporiions in 4 few residues. 1dents

Scation of asbestos by X-rav aiﬂndlon was baned on the appearance ao/
- intensities of four lines it ¢ 6. 38, and. 8. 1 angstrom unlm Line lm.mr '

"Much." “some.” md “nn or traee" may eorrupond to xo 1. md'ﬂ
. pez_cent by ‘weight but these are rough guesses. If one assumes that t ¢
11 renlduu chh showed more than traces of asbestos all eonwnul'w
per cent,$hqn the.average’ ‘ainount of asbestos found In these gunu would
“bave boen ﬂ.'l?’pet eent drled lung (range 0.06 to 0.34 per cent Vor lesa thas
0.5 gm. (range 0. l‘l to 070 gm ) in both ]unm\. but this ia likely to beu{
overestimate. :, o' RIS . Cal

The type of asbeston tound wan amome nthor than crocldome. it ou '
- ¥ sccepta the eriterion of the lurger rofractive index being along the Sber

: ' uxlu as pmf The X-ray diftraction patterns obtalned In 9 cm. diametet

_por cent. of aliica
’ ulduu may well
The ‘iron conte
" peoplernot expose:
obtained by us i»
may have come 01
* by microscopy in
. coa) miners with
‘phowt In TARLE !
mlncula). lﬂd c
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£ mount, of

~cta of acores
) are .”‘ °“"»

10, 1, snd §
z,umes that
« all contain
the» lungs
r cent) or less §

{n fact, the smu eonu.ht 01 the i

] .1n tbe minenl nsidngc. “The' {56

Ty

A

'H. B

nnd iron omde !ound In tbo ‘mnp aré’
' nﬂn 'rm.s 4. A» with the mineral resid\m. there is no'clear difference
ween modente and severe ﬁbmu although the figures for roinimal
tmu based on three Iungu only, are lowor. 11 all silica found by ash e
- ‘\- wis was in the residues thcu would, on average, have coptained 13 -

r cent of llliu (nnge 41033 per cent) ;
Beldues may well have been -tm fower.
Ly lmn ‘pontent ‘of the hmg-l Is well s

. ﬂ;' ) Nugeluchmfdt: Dust Content in Lungs with Asbestosis 89
Tams, &
AVERALS A MOTINTA UF RiT)y AND Figlly IN ARnVahmsie l.lmnn rrup
. . GRIAT HuiTaIN -
Grade of Flbrouls
Minlmul | Moderate | Bevere-{ A}l
Por cent drlod lung . oo L ,
* Mean 810 per cen 0.08 0.22 0.2¢ o1
Range . 0.08-0,10 | 0,05-0.89 | 0.13-0.37 ]~
Mean rc,o, per cent 0.29 0.47 0.44 0.40
Range 0.20-0.36 | 0,15-0.91 | 0.33-0.54
‘. No. of samples 3 10 7 20
the rcmumiﬂl 1 o
! .nhr"'?d hghb B ‘Grams in both lungs
, ' Mean S0y ) 0.16 0.52 - 0.96 0.48
‘e and survi Mean Fe,0q 058 |, 1.06 | 1.30.:]:0.98 -
,grouped bY £ No. of samples ] 0 7. {20
'ints of minere
mtfe‘“‘e Sa . ' N
,¢ diffterence Xy tylindrical camerus with cobult Ka radiation ahow no cleat differences for
K und the d 'e'

wo asbestos typex when these are present in amall quantities. No posi-
Mdive identification of chrysotile could be made in any of the residues by
lcrowopy or X-ray diffraction, but most mnduea showed the presence . .
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MFARISON 0f IRON AND Dtst CONTENY OF . S i

Aspretos Workrxs' LUNGS Wite StMmaz Data R L “: h’?"‘ui'l

.. Por Coal MINERS WITH BiMPLE PNEUMOCONIOSIS :.and split into
' o : ' ¥ feld. Dust iso’
' method of Th

Total dust

tn both lungs .' : _ ~examined by ¢
{grams) -

’~umocitz. erocit
_ Asbestos workers® hungs . - S EC ISR, LT ; gere.. novt atea
" from Grest Britain S ’ ’

whole series is 2.7, and it tends u;.riae a)n Lhe fbrosis xruﬁ falls, but the
2 " scatter of values (s hlxh. :

e

:wAn athemw

. ' p,
3 ﬁlrte ~ % Amatg e 80 nexacf

- eonduuoni cih be based on the data.’

The msin ewdmiom {rom this. atndy of anbestoefs lung- from Grut
Rritain is that ln"dmr Kalf the 1unn. lrmpectlve of grade of l\bmis.

'

mmore, thav traces of asbeitos could be' ourid.:.!n other lum fibers, pmb«
himﬁ!«f m{ Pr

erocidolite dusts. - - E R
In order to be certain.of the type ol dtm exposure one has to find mes ¥

“whe. only worked in ipecific mines, §, C. Wagner of the Pneumocaninals .s. . Aostic s
~Rewsareh Unlt, Cardif, and formrly-ot the Pneumoconiosis Ressarch Uni.4:
.7 -In'Johannesburg, South Africa. arranged, through 1, Webster of Johunter {- .:." mage

. burs, for lueh lunu to be mde avnihbk_ :The.plan. was_that _the Jung ii '

L. per st
“Glﬂ
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o abeu. Fiber lrequenciea were not related to grade of Sbrosis but

Nageischmidt: Dust Content in Lungs with Asbestoria mn

. waould be examined in Johunnesburg, the grude of anbestonis detcrmined,

and indunteial hintorfey takon. The Jungs would then be dried and ground
and aplit intn two portiona for dust analysls in Johanneabury and Shef-
field. Duat {sclations in Johannesburg were to be made by the formamide
method of Thomas and Slegemann (1954), and the tendues would be
vamined by chemical and phywical methods. Sy

"In the Sheffeld laboratory we wanted to try, for dust isolation, a new

*‘mwthod developed by 1. Bergman for the isolation and determination of coa

of low rank from corl miners' lungs. In this method the Jung tissue in
deustroyed by treatment with 8 mixture of acetic acid and ammonium
sretate, and the reaidues are further treated with formic acid. Teste with
amosite, crocidolite, and chrysotile had shown that the former two minerala
were not attacked or altered by this trestment although chrysotile was
decomponed. At the time of writing analytica) data and information on the
lungs ere incomplete. However, the numbers of the lungs 8o far examined.
grouped according to grade of fibrosis and type of dust, are shown in TABLE
8. topether with the average amounts of residue for the different grades
.of fSbroais. The residues averaged 2 per cent dried lung, and" ‘neither the .

'typs of asbestos nor grade of fibrosia showed any clear relationship 10 the

smount of residue.

Microseopic inapection ahowed the number of fibers in the yesidues to
tary from nil ta significant proportions, and fiber frequencics were scored
M race or nil" “some,” and "much,” a8 with the lung residues from

_ Grest Rritain. Out of 22 residues four were scored as containing “much™

" sad five “some” asbestos, while 14, over half the samples, showed only traces

Tan& 6

.
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Fisen EsvIMATES IN ACETIC ACi® Resmurs
.. OF ASBESTOSIS LUNGS FROM SOUTH AFRICA

Trace of none

An s
R b 1, I
. 4--2' e '-cl»(r ""\”—?‘ 70—!3\

murkedl) to type of nbatoo as a‘hown in wuu.r.s 7 and 8. All the lum

i+ - fibers seen in the residues had the larger refractive index’ parallel to th '
ﬁber direction md could have been unoslu, No X-ray diﬂmuon dnarrw 3

in the aludy 1 nnbcntoaln. asof other lunz dust dlucasea. il ia prM ~

_better to start ,with falrly superficlal work on miny lungs than with ven

‘detalled work on any one particular lung. althouxh much can be aund fc
the latter approach. .

\;. ., Deatruction of lung ti:m The bea‘t met 'of”ﬁohtlnz fubeotoo.?
" and innide asbestos bodies, from lung tissue is not at present known. qu A
. of the wet lung is probably not a suitable method for quantimive utudiu

The h)'dronn pemxide techniqtie was ﬂul used at ‘Shefield “when- work

s

{ T
g KUY ‘Rmmru OF ASATATOR(S FROM SOUTH AFRICA:
.\'vunm or Remiotes wirh Dirreacnt Fisex Frequencns '
.t L\mmr, Ammn Ano (.\mm-oum g

. ..
B “:Dt-t e
e

.." Mioroscope Fiber Estimate

Trace or foos

% q'mrnl hotvoen
1 11,0, resifue, &
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] Tk Deratien DATA FOR 25 ASRESTOSI8 LUNGS FROM GREAT BRITAIN oo
af : Dust exposured Dtied | : T . i :
L ' Grade Years { welght Per cant dried lung | Asbestos : .,
B ", Case of - of both e . acore . ;o
: ‘No. Al : or o o co
; ’; Asbestosis R I Out® (ghl":,:l) “b rosidue 5103 |Fe;0y residue R
v Bevere | ... | D , R
: Syl T s 13 ] 1 | s a0 (o.12{ 047 o e
S § 17 1% Mo | 5.5 3.4 |037{ 0. R
i i3, 43 12 ] 307 | 4.3 2,0 {0.28] 08¢ g RS
P T ¢ 5 33 348 | &.5[ 2.0 [0.21] 0.40 9
. 3 b 16 ¢ | 33 | s.0f 08 [0.20]0.33 .
~ All the '"g'-".' ¢ s | 14 | 300 | <ol o6 {0.20{ 0.40 |. N
. parallel to the 3 g 362 | 7.5 L1 0.2 0.88° dori
“action dingraveiy . g . , 228 | 8.5 2.8 -~ ] o
R 9 ST RS I 13 I R L Ll ‘e
o 10 . 20 1 -~ 8.5 2.8 - A
. Moderate ) g {
s, i in probably. i 1 ] 310 | 6] 1.8 Joad
than with very’ 12 32 : 326 :.s C2.1  (0.22
pe said for § 19 n 158 | 6.3| 1.0 {0.05
- cup be 2 3.8) 1.6 ]0.08°
6.5 1.9 [0.35
8.4 0.8 }0.07
48] 3.4 ..
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"asbestosls Jungs from Great Britain. The yield was, on average, about bal
“'of that given by extracting the 380' uh witb 0.1 N hydrochlorie ac

s

! fibers seem indicative of ehrysotile although Huggink (1959) bas shows

. Annals New York Academy of Scieneecl Nagelschm:

ln the study of coal miners’ lung residues. The use of antifoaming uum "NN Great Britai
. (Talvitie & Brewer, 1962) has changed the situation, and it §s likely tha 'bund §rrespective
" destruction of the lung tissue with hydrogen peroxide or anhydrous forme hulty technique #
mide would be better methods than ashing, although the residues wook §bestoe, eapeciall:
' still bave to be, freed from carbonaceous materials and, if present, by "W Mikely that this
" droxyapatite; asbestoa bodieo do R soem ﬁo be lttacked by hydrom t-f {s.real and nee
peroxide. - . G - ‘tibestos doca get ¢
_.In the study of ubeﬂ.ou lunu from South A!rlea the ncetle acid mothd '0 start with a re:
“was used because we wished to avold’ ashing and because this method wy minum. which wo
"used a8 & routine, at the time, in the study of coal miners; lungs. Althooﬂ A P?W“CWM““‘
oot_u,ulhblc for the hohuon of cbry.otﬂe,,l{gmm to ba n > ”%\a Adors 1}[,,,
“for 1solsting umulu and cmcldome. Tt 'sbems’ to umwe “mobl )
terial that forms asbeatos bodies, but it leaves carbonactous material i ‘m{duep V"°\.’|d be
tact, “Coal" is in fact demuun.d by Lbo lou In wes.m found on, uhlu e most prove
the acetle neld residues;” ¢
The acetic acid method was vsed on 18 umplu of the prevloullv examindl

" Although the acetic acid, residues contain’ more, carbonaceous mterhl.
- they welgh lois because most of the iron compounds are missing. ;
Separation of chrysotile. Electrophomh of dust in 0.001 molar sodiun

'phwmoconioala. :
. uventy o! fabroﬁ

" modifcations. Observations by Bergman and Langrish soggest that ft n

be pooslble by this téchnique to separate chrysotile, a.a this mineral cur(u fibrosis, as aeon ?

strong positive charge in contrast to Amooltc. :

Xaolin, which are all pegatively cha
“’9‘ y

" not have we'any experience’ wlth interferencé milcroncop) : Ll ,:J a3
Electron microscopy bas been used to & limited extent. Gtrongly cnmd ‘."”"?:'P; e
.Broen, P. J. 1983
B'nll.P-J 1949
noasns, C.W.
UPPENHOYER, G
AQEIACHMILT, €

thut crocldollte ({rom Bollvh) mu' lbo occur in curved form. <.

The mnal lntematinx mmll of thia stud.y ls thut ln_ qQver. hnlf m Juam'3ini

8000 0969 PQ
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K
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¢ present, hy-, ;|
_Ey hydrmh "

" Arga formas

aé ncid met.hod

"a method wes' \-7
_ngA ‘Although %
“asible method_ ;

Lt of the ma::
.< moterial {ne
Lind on ashml )

asly mmm&d )

! ge, about hal(’ :

" ochlorie acld.
Pous material,-
- aiug. <
molar sodium
tudy of niliea
¢+ that it may
imeral carrles ..

mtmn
MP.J 1933, Arch. Pathol. Anat.:
, Devt,

stitla} fibrosis, in contrast to focal or nodular’ lesions lound nitislly 0"
% wost other forms of ppeumoconiosis. At & later atage massive lesions may

- severity of fibroais or X-ray category of simple pneumoconicsia, is found.

The amounts of duat {n the Junga arve Jarge and may average 50 gm. for
| sdvanced atages of conl workers' pneumoconiosis. In diffuse interatitial
- Sbrosle, A» wecn maisly in aluminosis and asbestosls, this doea not seem to

’wnm -afliea;” §- o0 the cane; the amounts of asbestoa found in the’ lung are very mall u.nd ;

are not clearly rch\ed tp grade of fibros
: ntllkoly ’xplana
npresk

“utribes Abrosia to the breakdown of the asbestos bodies, whxch msy oocur,. .
sanyyears m.er expogure Lo asbestos has oeug_&

W mbeatonis will form a part of nuch renearch, but It is likely to be much
yore difficult nun. for {nstunce, in conl worhn neumocomom because,

Nagvischmidt: Dust Content in Lunygs with Asbestonis 76

froma Great Rritsin and South Africa practically no sabesliw at all wan
found, irrespective of grade of filrosis. It iz unlikely that thia was due to
faully technique although further atudy of the tochalque of recovery of
beston, eapecially of chrysotile, from lunge is undoubtedly required. It
is likely that thla effect ~ the disuppearance of asbestos from the lungs
~ is real and needs to be explained. The mosat likely explanation ix that "
_asbestos does get diasolved in the fungs. The process of dissolution ia likely
“to start with a removal of the cations, magnesium, sodlum, iron, and alu-
mlnuny, which would leave a skeleton of hydrated silica or polysilicic acid.
On physicochemical ‘and structural reasoning one would expect chrysotiie
to be most eanily attacked, crocidadite to be intermediate, and amaaite to be
"tbe mont resistant form. The finding of amosite only in some of the lung
residues would be in agreemont with such reasoning.

The moat prevalent type of fibrosis seen in ubeﬂoeb isa dsﬂu-e mur-

develop A theory linking this contrast with fung dust studies has been
sdvanced (Nagelachmidt 19601, According to this theory the dust remain-.
ing in the Jungs causes the fibrodin in coal workers® and aimilar forms of -
_prevmnconiokin. and a positive correlation between amount of dust and
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