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CIHAPTER IX 

CHEMICAL AND MINERALOGICAL ANALYSIS OF DUST 
! Mthoueh the st generstod it some industries js COMPara- f ely e, sueh as lead dust, industrial dnst more generally 

cotsists ot aowistare of several minerals. It contains nothing not found m e parent substanee but, the pereentage of distribu- tion of the various constituents is net neeessarily the same as | e the ovigial material, nor is it constant for different sizes of pirtieles Cpage 539), We have seen that the mineral COmposi- * Hon of wostandust viskabasts is of greater hygicnie inferest than . thewr ehemienl ke s on the other hand, the minerals the- b selves are generally comples chemieal substances which reqguire ) speeral snethods of analvsis for quantitative identification. For b the same teasan and beeanse of the eomplieations introduced hy [ the presenee of Evvge mimounts of extrancons organice madter, the “h study of banlogienl spevimens, such ns dust dieposits in wittapisied ? lutiges aned in <pmtam from living persons, also requires speeind L] methods of analyvsis, 
y 

COLLECTION OF AIR SAMPLE FOR ANALYSIS 
. 

HEowas pointed ong iy Chap. IV that, because of differenting dsimtegiation and seleetive settlement of air-horne dust, it is 
Hat wise o judee the ehemieal and minerlogienl composition 1 of dust that aetually pets into the hungs of exposed workers from ' ananadysis of the pavent substanee or of a deposit of eonrse settled 3 dust el sy PP Onthe contrary, the sample shonld H b taken Frony the air ot the breathing zone and subsequently divided into o series of size fractions so that the composition witl ‘ vespeet Ao size can be determined, Analysis of size fraetions ’ abtained by et e aoafter \;m)p)v may reveal ”u'.\.’lml'rh:ulur " e eamposibion with size that is shown by the sample colleeted ' dieetly frang the o, bty beennse nosed el l't')»:»~il s itherently 

f 
! 

| 

) comtser fhan (hae dhost e the air, i is tpressibile Lo eatenlate (e }l 
e distnibation of tee Carions constituents o thee dlara thos :lf abiiried, A it vple s as unsted for this preepose as i l 

1 
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INDCSTRIAL DUST 

of any given size in the sers 
to the square o7 its diane 
% to 1 u particles in the depe 

Soosit 1s inereased in propor- 

-.q., the ratio of numbers of 
= 100 times their ratio in the 

.«‘ hamogeneous and rather pure sabstanee like zine oxide may 
mpled in any convenient - nd a few milligrams suffice 
mantitative anaivsis; we sed a double impinger (two 
ents inoseries) and aso “levtrie precipitator as sam- 
instruments. Sometinge < zable portion can be obtained 
material setthd or cond-rsad out i pipe lines, on furnace 
L and the like, bui a direes ample is usually prfferable. 
anse of the ext d procedure involvel in the 

studf of mixed dusts, a larg <o is desirable, W like at 
least 23 grams—an amonnt too grest to be collected in com- 

-~ mon dust-sumpling instrunents, 
For sampling mixed dusts, one may use a paper vacunm- 

eleaner bag conneeted to a light, portable exhaust fan having a 
eapacity of 50 to 75 cu. ft. per minute against a resistance of 
6 in. or more of water. The dusty air is drawn in through a 
simple hood located at the proper sampling point; this is con- 
uected by means of an S-it. length of 2-in. Aexible hose to the fan 
from which the dust-laden air discharges to the filter. The bag 
“dusts” at the ontset but af*er a2 few minutes of plugging it 
retains fine and course partieles alike at an efficiency which 
exceeds that of the impinger. After cutting the bag open, a 
suitable quantity of the colleeted dust is removed with a soft 
brush; no attempt is made to recover the whole sample sinee to 
do s0 only contaminates it with paper fibers. 
LA composite sample may be obtained from the air-cleaning 
!a;mralus of an exhaust system by mixing proper proportions 
of material from the various stagzes of the apparatus. If, for 
example, the dust colleetor removes SO per cent aind 20 per cent, 
respectively, in the primary and filter compartments of a two- 
stage apparatus, the sample should be made up of the same 

- Powercentages. When dusts produced by the geveral processes 
comneeted to an exhanst system difer markedlyfin their composi- 
tion, it is necessary to collect separate samples#rong cach. 

| Separating Sample into Size Fractions. For $tudying the 
| curtations i chemical and minera! comy m ¢f dust with 
| 

MESive anuiyt 

CHEMICAL AND MINERALOGICAL ANALYSIS 

respect to particle size, we divide the sample into four size grdlps": 
(1) greater than 10 4, (213t010 4, (3) 2t0 5 4 and (4] less than 
2 u. This is done by elutriation (page 141) in a snitable liquid * 
in which the dust does not dissolve or flocculate to any extent. 
Deflocculating agents like amumonia may be added and washings 
are repeated, sometimes for several days, until clean fractions 
are obtained. The elutriation should be condueted with guanti- 
tative care in order to determine the pereentage of distribution 
by weight and the number of particles in the four fractions. 

RECOVERY OF DUST FROM LUNGS 

Dust in lungs or other tissue must be conerntrated by wet or 
dry ashing before chemieal and petrographic analyses ean be 
made. The concentrating process must not affect the particles 
of dusimld especially it must not dissolve them. 

i
)
 

Wegl Ashing. Jones (139) advises treating the ling 
men iff strong nitrie acid for 7 to 10 days, then pouringg the sl 
into hot water, stirring, and filtcring throngh Whatugn's No. 
paper which is free from loose fibers. The residue is returned 
to a beaker of hot water, is filtered, and is washed until it is acid- 
free; then it is transferred from the filter to a platinum dish, is 
heated carefully until no more acid gases evolve, and then is 
ignited in the usnal way. The weight of this residue represents 
the total acid-insoluble inorganic matter present in the original 
specimen. 

Dry Ashing. In obtaining their series of analyses of total 
silica in lung ash, Riddell and Rothwell (204) dried a 50~ to 450- 
gram specimen of lung with a towel to remove exeess formalin, 
weighed the sample in a large poreelain evaporating dish, and 
then dried it for 48 hr. in an electric vven at 100° to 107°C. The 
weight of the dricd lung was noted and the sample was then 
ignited in a platinum dish, the ignition bring completed in a 
mufile and the weight of the final ash being determined. 

Preparation of Lung Sections. The application of micro- 
incineration and subsequent microscopy of sectious of dusted 
lungs has been applied usefully by Invin (136), Policard (193), 

Joues (139). Irwin cuts lung sections in t usual way 
fi we imbedded in paraffin. The preparajion such 

i thooks 
pa 

jongis a routine measure and is deseribed fullyfin 
hick to . He advises that they be not ovegd 
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« INDUSTRIAL DUST 

void “spitting” on incineration, which is earried out at 330° 
S0°C. This temperature is not oo high for ordinary glass 
¢ he remarks that = white-dzed <lides are found to resist 

better than green-edged ones.” The incmerated section 
then examined microscopically by oblique illumination for 

aumedd carbon. I earbon has been removed, he treats the 
i with concentrated hydrochlornie acid; 1 ee. is allowed to 
wetin on the slide for 30 min. and is then drained off; the 
paration is rinsed with tlowing Jdisulled water and is air- 

in a vertical position. 
werally it is only the white asly which is of significance in 
wdy of silicotic lungs. This is insoluble in concentrated 
hlorie, nitrie, and sulfuric acids but is readily solghl: in 

fluoric acid. lrwin states: 

<h pattern of definite silicotic nodules is so typical and edfstant, 
t . ). if such an ash is present it represents a silicotic nodul® even 
he corresponding area in the stained seetion has degenerated bevond 

Phvognition. If an area of ash does not eontain any siliceous particles, 
_ . . such an ash represents an area of nonsiliceous tibrosis. 

DETERMINATION OF FREE AND COMBINED SILICA 

. Pure quartz cousists of only one chemical compound—silica. 
rock like granite, on the other hand, contains, in addition to 
rtz, varying proportions of several other minerals such as 
spar and mica, which also include silica although it is present 

2 the form of silicates rather than as 8i0.. Quartz and other 
Jorms of the chemical compound Si0: are spoken of as frec silica, 
hereas that eontained in feldspar and other silicates is known 

combined silica. By chemical analysis all silica is determined 
<i0. without distinetion between the free and combined forms. 

Iu_b'mlugiv:ll analysis, on the other hand, gives the pereentage 
emposition of the various mineral constituents witfiuul‘ neees- 

y ] 

: 1 
Tanee 25— MinvErRaLoitear CoMPUSITION 0F GRANITE 

Mineral or (ent 
Feldspar orthoelase) 

b T R P R e 

Micat (musconite 

E Y ——— 

-
 

CHEMICAL AND MINERALOGICAL ANALY SIS glo‘i* 
sariiy determining their chemical structure. Thus a granite 
that contains the propurtions of minerals shown in Table 25 
will show by chemical analysis the composition given in Table 26. 

Taste 26 —Cuesioal Cosrosttion oF GRANITE 
Per Cent 

Si10: (totul 2 : Nl . R 
ALO. e WS 
KO .... . B2 

100 00 

This rock contains 72.55 per cent total siliea, free and combined, 
but only 23 per eent quartz. Since the free silica is of greatest: 
hygicnie ipterest, it is clear that the ordinary chemical gnaly 
fails to Id the desired information regarding the ic-\sis-! 
producinf§ possibilitics of an industrial dust. f 

The study of the mineralogical composition of rocks if known 
as petrography; it is based upon the systematic evaluation of 
certain physical properties of the various minerals including 
specific gravity, hardness, color, crystal structure, pleochreism, 
refraction, birefringence, and optical character, including the 
optical sign, value of the optic axial angle. These properties 
have been tabulated systematically in convenient tables (160). 

The minimum particle size which can be identified petro- 
graphically is a function of the birefringence of the mineral. 
Hence, quartz with a valuc of B = 0.009 requires particles very 
much larger in size than is the case with calcite (B = 0.172) 
or sericite (B = 0.042) to give the same optical effect.t Ortho- 
clase feldspar has approximately the same strength of bire- 
fringence (B = 0.005) and a refractive index also close to 
that of quartz (1.32 compared with 1.54). Hence, it is not 
easy to distinguish between these two minerals under the polar- 
izing microscope unless they are present as fairly large grains. 
Knopf (155) gives 10 x as the minimum grain size :I;t?\ 

1 According to Watkins-Pitchford and Moir (246), the thick of 
particles v to produce polarization color must be greatgr than 
0 =035 ‘here 8 = thickness of particles and B = birefrieenge. 
Thus, for t snomenon to be seen, quartz particles must be g rt 
40 4 in t sericite requires a thickness of more thun S ruf 
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INDUSTRIAL ST 

n potm(mpluc identification of quartz. Hence, petro- 
jo methods alone ar¢ not sufficient for the study of 

srrial dusts, a ma3 

jameter. It is nee 
y=is the chemical determination 

ituents in order to obtain a eotpete analysis. 
Determination of Total Silica ia Mineral Dusts. The 

trod of Riddell and Rothwell is & convt nient adaptation of 
.-h‘:ml's (125) standard procoane for silies 

imrmlvd for the analysis of D 
atly to the proximate 

jority of whos articles are less than 1 ¢ 
. with the petrographic 
.ertain broad groups of sary to oot 

Lo i but it can be appli d 
¢ of atmospheric dust 

as well. el sample of abont B gtad) s mixedd with 12 pas ol 
um crucibles the gl s 

arbonate and 15 fused ina 
d to a small amount ol water in a pyrex beakedand 

iwaker is heared with an exerss vi 1:1 hydrochloric cid. 
«n the melt has hroken up Jetely, the sample s ricd 
i the residuc is baked overniz . 120°-130°C. It is then 
el \\'ith‘mncq-r‘.mn‘d hydmrixluric acid, water 1s added, 
i the solution is heated to boiling, after which the residue is 
red, washed with distilled water, and dried at 110°C. to 
<tant weight. \t this point the usual procedure is to ignite the residue (which 

¢ v not always be white) in order to drive off all water. How- 
¢. Riddell and Rothwell omit the iguition and add a few drops 
woncentrated sulfuric acid followed by 10 to 15 ce. of hydro- 
wie acid, a step recommended by Hillebrand when the sample 
¢ ain< over 60 per cent silica. The crucible is nest heated 
aly over a low flame; after volatilization of the acids, the full 
e is applicd but the blast is not used. The loss in weight 
the erucible represents total =ilica. 
ihilbrand poiuts out that the hydrotluoric acid tre: 
v have to be repeated and that further amounts of S 

recovered in subsequent steps in the cumpl;(o analysis. 
wever, these items are of no importance in the pr¢m1 problem 
| can be ignored. m 
ombined Chemical and Petrographic Method. T‘T follow- 
procedures have been employed by Knopf (159 

[gnition. A weighed portion of the sample (@bou 4 gram) 
dited ina platinum crucible at low heat for 30 fpin. § The loss 

tment 
a will 

o r— 

CHEMICAL AND JH.\'ERAUN:'I".\L ANALYSIS 

in weight represents the amount of organic matter present, 
together with some water of crystallization. 

2. Ilydruchlurl'r Acid Treatmient. Concentrated hydrochlorie 
acid is added to the crucible and the contents are gently heated 
for a period of about ! hr. The sample 13 filtered in ashless 
paper, i3 washed, and is returi A to the same platinum dish 
for slow ignition. When iron is present, the hydrot 
treatment may have to be repeated one ov more 

m the dish onto 

rie acid 
<: then 

filter 

only the supernatant acid 1= poured ir 
and fresh acid is added for the second and suceessive 
The loss in weight o ed by hydrochlorie digestion 15 ¢ 
by the pr 

wnts. 

) '.Zl-'ll 

< and other achi-solubie s thstanees 
wee 

remaintt 3. Hyd rofluosilicwe 
H.Sil, isa {ded to the contents of the platit 
excess and he sample is set away in aeo for 
period of hr. or more, even up to 3 days. The purpgse ol 
this treatmeut is to dissolve silicates without attackingt free 
silica; the temperature therefore must remain below 70° 1o/ S0°F ., 
since at higher temperatures the hydroflnosiliric 1cid decomposes 
into silicon tetrafluoride, SiF,, and hydrofluoric acid, HF, which 
readily attacks free as well as combined silic. At the end of 
the period of digestion the contents of the dish are washed onto 
filter paper and the washing i continued until all the H=SiFe 
has been removed. This may be determined bY adding to the 
wash water a mixture of dilute potassium chloride in 95 per cent 
alcohol, which causcs the formation of a fine precipitate in the 
presence of the acid. When no more acid is present, the filter 
paper and undissolved material are returned to the dish, ignited, 
and weighed. The loss in weight equals the content of silicates 
in the sample and the matcrial remaining in the crucible is the 
free silica. The necessary period of digestion varies with the 
nature of the sample and the hydmfl\msilicir acid treatment 
should therefore be repeated in uncertain cases until the weight 
of the residue remains constant.! 

1 Since writing this it has heen found that the action of I SiFyg against 
pure quartz inyv:l.«-s with decreasing particle siz¢ and tlu-n‘lnrd fauls to 
distinguis between free silica awl silicates in the case of microscopie € st 
(Moke, rlesiB., Solubility of Quartz in ll_\\lr\!fl\ln.—'ilmt Acid, & In 
Hyg. and@oz., 8, p. 200 (1936 
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J Volatilization of Residue with Hwlrofinoric Acid. A cheek 
puarity of the free silica remaining in the residue is given 

atilizetion with hydrotluoric acid, since with this treatment 
1 combiuned and free, is removed. If no residue remains 

hydrofluorization, the material was all quartz; the buases 
snt in any silicates remaicing after digestion in hydrofluosilicie 

not removed by this finzl treatmient. 
icroscopic Examination. The original sample shonld He 

under the petrographic mirroscope to deterpine the 
of the treatment require a minute portion of the 
after cach step in the chemical analysis should be removed 
mitation. By this means it is possible to identifg the 

w that contribute to the [uss in cach ease, Itis pagicu- 
rtant to determine, so far as possible, by petroggiphic 

et the nature of the silicates in the sample as well $ the 
arity of the quartz remaimng after step 3. The petrog@yphic 

Lanalysis for the identification of the silicate minerals will have to 
w limited to the coarser fractions of the sample. This is satis- 

factory so long as one is permitted to assume that the proportions 
of the various minerals in the silicate group do not change with 

| size. On the other hand, when interest is directed toward the 
| “hange in concentration of a particular silicate with size, it is 

I yeevssary to make more elaborate chemical analyses (such as 
| Jetermining metals and bases) in order to identify this particular 

silicate among the other silicates in the fine fractions. Theabove 
swthod was designed primarily for the determination of the 
amount of free silica in the sample, with only mild interest 
dirceted toward the other substances present. £ - 

Immersion Method. Ross and Schl (207) found the above 
wiethod for the determination of free silica time consuming and 
maceurate owing to the uncertain efficiency of digestion of 
::' silicates in hydrofluosilicie acid. They use instead the well- 

wwn immersion method of identifying quartz ‘(or lauy other 
mopaque mineral) by its optical behavior in m}mmwn‘ifln 
dinm having an index of refraction slightly diffreat from the 

ination. The wurtz; this is the so-called method of contral Ul 
ueiple is deseribed by Larseu (160) as follows 

As the immersion method is ordinarily wsed, nearlgfall fragments are 
suner on the edges than in the center, and if the fraffments differ from 

. surrounding material in refractive index the will et as small 

CHEMICAL AND MINERALOGICAL AN\ 

imperfect Jensés toward a beam of nearly parallel light emerging from’ 
the condenser. If such a lenticular fragment has a higher index of 
refraction than the embedding medium, it tends to foens the light above 
its plane, and if the microscape is first focu~cd on the grain and then 
raised above focus the interior of the grain will appear more highly 
illuminated. As the microscope tube is raised higher above the focus. 
this highly illuminated area contracts and becomes brighter—a briciit 
line moves into the grain. If the tube is lowered below focus, the grain 
appears less highly illuminated than the rest of the field and a bighly 
lluminated halo surrounds it. As the tube is lowered this halo moves 
out from the grain. 

If the grain has a lower index of refraction than the embedding 
medium, it will have a virtual fueus below its plane, the phenomena are 
reversed, and the grain becomes centrally illuninated as the wicro=eop 
tube is lowered below focus. 

minerals egpountered in industrial dusts have higher and Jlower 
indices, sofhe of which may be close to the values for quartz. 
If o small portion of dust is well dispersed in fenugl-sced 
oil (refractive index = 1.34) and examined microscopically, 
the quartz particles and others of higher refractive index will 
exhibit central illumination when the objective is raised slightly 
above focus. The remuinder will have dark centers. In the 
same way, another portion of the dust dispersed in mononitro- 
benzene (refractive index = 1.33) will also show bright and dark 
particles, but in this case the quartz will be included among the 
dark particles. Thus, if the proportion of bright and dark 
particles in each suspension is determined by the standard light- 
field low-power method of counting impinger dust samples 
(page 117), and if A and B are the percentages of bright trans- 
parent particles in the feuncl-seed oil and mononitrobenzene, 
respectively, then: 

Percentage number of quartz particles = A ~ B 

Ross and Schl devised a sitmple procedure for weighting the parti- 
c!es according to their size, thus yielding a free silica determina- 
tion by weight. When the air-borne dust sample is separated 
into frfiions and each portion is analyzed separately, the 
percent number of the quartz particles closely approxi- 

Quartz l*n two indices of refraction, 1.344 and 1.553. Other 

mu? preentage by weight and no further co o i~ 
requi 

—
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i 

n method are that it 

distinguish betweea (uartz riwer minerals having 
mately the same index of refraction, <uch as certain 

Is of the feldspar group. and that it is of little or no value 
§ denling with p:u’tiv'\v~ below 2 &, + such pnnirl--~ are 

wmder the light-ficld microseopt with the greatest 
Iy, even W hen the re mrounting medinm 
thedly different frot It i= superior to 
hmigue of Sartorius an 

ount of dust, sueh ws onoan 
ing the sample with a liguid 
sfraction as QUi 

ion of Results from Analy 

ant objections to the immers 

fractive index 

ho simply count 

1= ribbon, before and 
having the same 

ses of Size Fractions. T 
ic sty of analyzing parate size 153 tions of ponunitogu 

| dusg= instead of the rotal sample i well emphasized in 
< the rests of & <ze analysisgs 

wing example, which 
ax of the chemival an: 

B worne foundry dust sam 
Sour size fractions of un 

el of the 
Seventy-three 

ple, Table 27 116). 
ANALYSIS OF GENERAL 

NALYSIS AND CHEMICAL 
ore DEPARTMENT 

N-FOUNDRY & Tanre 27 —SUE A 
Au-sorxe DesT ¥ 

gy 

wptage by weight 
- eptage by anmber 

Chetieal ¢ 

patter ., organic o 
other 1HCL solubde 

dAmates, 1ot 

fnl\l\‘ihu(nl 

ze; these ¢0 <titute only 
her of partil les.t Tt will 

congposition 
~ut of the weight of the sample, ot observes, i 

ater than 10 ¢ i =i 
of the total nur 

hat the pereentaze chemie w pm‘t'u'\w‘ gre 
¢ cent, however, 
woerved further t 

—
—

 

CHEMICAL AND MID 
In Table 28 the data have ¢ 

four principal con- { 
free silica) of the dly with particle size. 

how the distribution of the 
wtible, acid soluble, silicates, 

le size. 

varies marke 
been recast to s 
stituents (combt 
foundry dust according to partic 
TABLE '.'S.-—Pl:m*t:.\"r.u'.z of DIsTRIRUTION ACCORDING TO PARTICLE SIZE, 

py WEIGHT AND BY NUMBER OF PanTiCLES, OF THE PRrINCIPAL 
CoNSTITUENTS 1x [RON-FOUNDRY, CORE-DEPARTMENT Do~t! 

Jtion according 10 sze 
Distribu 

Constituent S >m..3r--m,._'~.)5. <2 p <4 Toral 
i S S 

Per by weight i eact fraction 

Carbon, organi matter. .. ST S } 4 £ 12.3 20 
Carbonates, WwoR, other HUL | 

goluble. . s 50 13 1 0s 31 
Silicates 6Ha 36 16 08, 6 0 

52.8 3.5 17 0.2 K 
Free siliea. ... 

Percentage by pumber of particles each fraction 

Carbon, organic matter.. . - i 0.1 ' 0.6 3.4 62 4 664 6h 5 
Carbonates, iron, other HC1| \ \ 
TR o.r | ez v miE 120 130 

Silicates. e ST a1l o] 181123 143 144 
Free silica. ...oooovee ... 0.8] 05! 1.8 30 53 61 

| —— Y f— 

Porul, . avvnsssmssess :ll\l 1.7 781893 L1000 
1 Data from Table ko 

The percentage by 
58.5 per cent, & figure 
commonly obtained by 
(178, 207); the amount © 

weight of free silica in the total sample is 
that compares closely with the result 

analyzing 2 foundry rafter sample 
f free slica with a particle size less than 

10 p is only 5.7 per cent by weight of the total sample, and only 
0.2 per cent by weight is made up of quartz particles less than 
2 u in size. In the same way, only 6.1 per cent of the total 
number of particles in the sample is made up of free <ilicag of 
these, 5.3 par cent (of the total) is made up of particles less than 
10 4 and only 3 Sor cent of particles Jess than 2 @ in size. s, 
a carcful spudyjof the chemical composition with respe@ tof 

VERALOGICAL ANAv ry 
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size leads to an entirely different conclusion mpn‘nu 
pie importance of this dust than is obtained from 4 single 

= of the whole sample (last colunn, Tuble 28). 

THE MICROSCOPY OF SPUTUM 

+ eoloring of the sputum and nasal discharge of persons 
to dust is, of course, commonpiace. It has always been 

| as evidenee of dust inhalation and i< sufficiently =ensitive 
rvé as a test for the effectiveness of a respirator (page 268 

untreated sputum or nasal diseharge, diluted if neeessary, 
pared for microexamination by smearing on a slide and 

t the direet flame. Irwin's microincinerstion technigue 
i~ then wseful if the preiminary examination indiegres 
mineral residue and it is essential i a polanzing wivo- 

be used. Irwin says of hi= technigque that the “§ili- 

sl exposed to silica dust ean readily be demonsteated.” ¥ 
frke’s procedure (36) can be applied when samples of 100 ce. 

more are available. The sputum is heated in a beaker over 
open flamie until most of the water has been evaporated. 

ty cubic centimeters of aqua regia are added and the mixture 
ored 24 hr. at room temperature, being shaken at intervals; 

i~ then centrifuged at high speed for 1 hr. The residue is 
| vared on chemically elean slides and incinerated. 

Tust as a medical diagnosis requires an accurate case history, 
the mineral or chemical identification of dusts in sputum, 
-l discharge, or lungs requires a history of recent dust 
wwicre, Sometimes the color alone suffices for identification 

t more often the dust particles appear dark, even black, before 
“raitcineration. Some of this coloring is eaused by pigmenta- 

from blood corpuseles and can be removed by treatment with 
ntrated hydroehloric acid. Stains such as the histologist 

« for much of his work are best avoided. i 
v value of sputum and nasal-dizcharge examinations rdust, 

{ routine preventive measure, like most other preventive meas- 
depends upon the local situation. Fm‘dnmfnmziu. inboth 
cen and nasal diseharge can be understood by laynfin apd med- 
-xpert alike. The results ean be given photogr: phically and 
-utire procedure carrivd out by auy person fBmiliar with 
smicrography once the technique has been dgm trated. 
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The dust in phagoeytic cells from human sputum was ~tudtied 
by Drinker (63), who was able to identify several minerals in the 
colls and to establish figures of average particle size in phagoeytes. 
In order to examine dust in phagoeytes, the ~putum sample must 
be fixed when fresh, and it is best to make several slides, some 
<tained and some unstained. Stains interfere seriously with the 
microscopy of the purticles but help one to pick vut the dust eells 
from extrancous matter. Agingof the sputum results w haeterial 
action upon the cells which destroys their outline, and must be 
avoided.! 

The cells from silicotics (coal miners) which we have seen 
recently contained a great percentage of carbon and lirtle else. 
Since there is fittle ditheulty in getting such colls from paticnt- 
with silicosis or with a history of recent dust exposure, more stieh 
examinations| might easily and profitably be made. 

It should Pe borne in mind that the presence of dust celfs in 
human sputdih doesnot of itscli prove any lung pathology. fFhis 
may be a normal finding and often ceeurs in the healthyfeity 
dweller, particularly if he is a smoker. But in the case of the 
individual with proved dust exposure, the presenee of numerons 
dust cells in sputum may help in diagnoses. 

THE IDENTIFICATION OF ASBESTOSIS BODIES 

For the identification of the “curious” bodies (see Fig. 15, 
page 33) found in’ asbestos workers, Stewart (223} employs the 
following technique: 

About hali an ounce of sputum is dissolved in an equal quantity of 
undiluted antiformin in a wide test tube, This takes from a few minutes 
to an hour or so, and is aided by heat (37°C. incubator) and gentle 
agitation. Two or three ounces of water are then added and the mixture 
sllowed to stand for a few hours or overuight. The bulk of the super- 
natant fluid is now poured off and the remaining 12 to 13 ce. centrifuged 
at moderate speed for 10 min. The amount of deposit which comes 
down varies in different specimens, but in any ease the whole of the 
supernatant fluid may be poured off by simply inverting the centrifuze 
tube. The deposit and the trace of fluid which remain are thoroughly: 

VIt is assumed that any person examining the dust particles in tum 
or in nasal will familiarize himself with the accepted rontine of 
sputum exaufinati as carried out in ordinary medical diagnosesf H 
need obsery lf methods of preparing the specimens and need got ! 

wigh | concerned wlogical or pathologieal matters. 
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166 INDUSTRIAL DUNT 

jiised by means of a fine pipette and transferred to an albuminized slide 
or shde Tao much foree must not b userd in the mixing proeess of at 
my previous stage n order not to disinbe grate any clumps of ashestos 
Lodies which may be present. As® rule the whole deposit from half an 
cnnee of sputum may De spread over an arci of 1 8. in. of a mieroscope 

lide, o less, and in any case n thick film i desienbile. After thorough 
drving on a hot plate and final fixation over Pnsen, the il s very 
gently w whied inowater, dried and monnted in Canada halsam. The 
washing water must bhe done with the greatest eare, v, in spite of the 
albuminization of the slide, the film is very casily detached, especially 
i it s thick, After washing and drying, the (il may be treated with ferroeyanide 
of potassinin and hydrochlonie acid to demonstrate the Prussian blue 
peaction given by the hodies. It is then dried and mounted in balsam 
as hefore. Al rnatively the centrifuged deposib may be covered with s 
R of a5 per eent solution of ammoniun wlfide, when the 
Ldies are colored black. No special staining is required, however, Aas” “’“th-fi 
the natural greenish yellow, golden, or hrown color of the hodies renders ' 
them suthei ntly conspienous even under the low power. My practiee 
j« to exmnine films with the L-in. abjective and 10 ocular, confirming 
the presence of nshestos bodies with the b-in. objective. 

+ thoroughly all test tubes, centrifuge tubes, 
It is necessary to cled 

andd pipettes after use; otherwise there is o risk of contamination of sub- 
woevpnent speeimens from a positive sputuim. 

Axhestos hodies are demonstrable by this method in the groat majonty 
of ashestos workers prn\'n\ml they have any expectoration. In the 

tack and in the Inter 

alder workers, especially during a bronehitic 
dages of pulmenary ashestosis, bodies are pre ent in profusion, hut 
cven in those who have only heen enggaped in the industry for a year or 
{wo, they may be demonstrable in cmall numbers. Their presenee 
inddieates merely that ashestos dust has heen inhaled into the lang anl 

Lot jtdias remained there long enough for hodies TM to form around 
meivadual fibers, a period of months at least. It does not ned essarily . 
ean that there s pulmonary fibrosis, The finding of radially arranged 
A ps of hodies cimilar to those demonstrable histologieally within the 
tange alveoli has mueh more serious signifieance. 1t indieates Gmbbo . S 

neumonia or hy T 
gration of living tissue, either by \nppur:\!i\l' hronchoy 
tnherenlows easeation, and may he taken also as pn'.-ulupliw: evidenee | 
of an underlying ashestosis, ! 

Podies somewhat cimilar Lo ashestos Bodies hat much eonrser aneld t 
e drregalnr have hieen recovered from the Tanges of conl miners who 1 
Lol never worked in ashestos The morphotogient ditferences nre S0 : 
Lreat, however, that there is hittle or no risk of confusion ‘ 

' 
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o0 Industrvial Pulmonary Diseases 

here should ton an s reathless disability vather than 
on has vadiolowical abmormaloy, Tt must bhe vemembered 
thar these two most important variables havdly correlate 
atall (Fig. 1), 

Sthicosis with actve pulmonary tubereulosis is a sinister 
combination and more sevious than either condition alone 
Ihe patient should he vemoved from the dust, teated, 
md thareatier sapervised as a case of tuberculosis, and 
ther recovery he should he advised to obtain work where 

he will not be hikely to bieathe siliceous or other dust 
et At dse, all such patients should he treated in hed 
i hospital so long as they have a positive sputim. o 
other signs ol infection, so that the peviod of bed vest 

will he vintable: When such sions disappeanr and the spu 

i becomes necative they may e allowed up for 2 
sradoally moreasing leneth of time each day unul over a 
foveniche they become tally ambulint. Chemotherapeutic 

teatment should bhe contmuned fov two yemrs in all In 

overy cose o caelal histony ol previous chemotherapy 
nist e sought and the notes ol previons treatments ob 

tumed. copied, and incorpovated e the patient’s new file 
Puelve specimens of sputim must he tested lor tuberele 
Bach fovtmiehtly, and 1 should e kept at the bhack of 
the mmd that even the best hacteriolosical department 
canoccastonally et a false positive. In every case the 

sensttivity ol the organisms must bhe determiimed towands 

percanimo salicyhe acud (PSS isondazid, and, il neces 

sy shreptomycin at the beginmimg of the teatment, 1 

the oreamsms e Tally sensitive to streptomycin the dose 

can heas Tow as 1o thrice weekly, combined with PoA S, 

2000 o soniazid 200 mg daily. With less sensitive 

orcanisms steptomycin g datly should he considered, 

tocether with the caleabated visk ol vestithular 1oy, 
e ey o these patents will e over oy veans old 
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dhisabaliny varher (hoan 
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‘ the pattent's new file 
| e rested Lo ot by 
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wlogical depariment 

ves i every case e 
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> Industrial ol Dhsenses 

1 has sk s (hout one case m en when the e s given 
in this dose for six wonths, When the patients hiccomie 
ymbubant the fen hlonide test o PAS. i the nnne 
st he e dovmed vegularly Isomiazid and P A S should 
Ly oaven i combined ca het whichos small « nouch to he 
avallowed without citont. Berween 15 and 20 per cent 
ol patients allected 1o soane extent by PRAS cithe 
with ';nllulnl\‘\lmll Symptoms which can he lessened 
hy wking the diug alter meals, o with the sensitvaty 
sAproms ol o rash, fever, and lechng il I these me 
had enongh, desensitisation may have to be done o the 
drong even ~|n|v|-||l I'he physioan should realise that this 
Lind of thevapy taken over many months when nothing 
very mnch s appand ntly happening to the patient 18 very 
likely to lapse I'he importance ol continuing to take the 
Jiies should be r\]\l‘nlml to him m simple langnage, 
eether with the reason for the mrine test and hener 
sull (\ph\nu\ 1o his wile as we 11, Tle should be told 1o 
ke the cachets at the sune e cach day and o link 
thenr taking to some other dinmal habit, such as eating @ 
”li-ll Under this plan sputiimn conversion should happen in 
{ronn one ot yeht months hut little, if any. Chanee in the 
chest Nray, EXCVOIRe tolervance o working capacity ¢an he 
1\‘w|u| But these patients will feel better, gqun weiaht 
A cease 1o hea danuer to then families, workmates and 
otha lu‘n‘ill' with whom they come into contact There 
is no evidence that combined chemotherapy of this kind 
has any eflect upon the sputim neeative lnn-_'_xn-“i\;' Mas- 
Give fibrosis seen i some cases ol mixed dust pneumo- 
contosis. In \lml\nn‘umli\r cavitating cases, the more 
the fibrosis the more yeserved hould the physician he 
ahount the vesults ol his ding neatment 

Pefore the advent of antihiotics, surgery iy have had 
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ases 

v the dvug s oiven 

the paticnts hecome 
PAS i the wrn 

aland PAS shonld 
sl enonaly 1o Iu 

Eroamd 20 per et 
nt by PAS, citha 
chocan be Toessened 

with the sensiiny 
g i T these o 

to be done o the 

ald vealise that this 
nths when nothine 
the patient is very 

tmuing to ke the 
nosimple Tnaonaage, 

e test:s and herer 

should be 1ol 1o 
ey o 1o Link 

bt such as catima g 

\h'lll'l, ‘I!l\lllll in 

my. change mn the 
Mg capacity can he 

hetter, waun weisht 
s, workamates and 

ato contact. Vheye 

werapy ol this kind 

COProgressive s 

sed dust pncumo 
oeases, the e 

"the physician he 

wery may have had 

Vhe Nthee s Pucumoconioses 23 

aplace i some selecred cases of sthico-tuberculosis, but 
not e with the prossihie exception of the solitary mas 
sive bibnatie lesion whicl s occasionally remaoved, heeause 
owas thousht o he o mahignant timonr, o the delight 
andbvelicl of everybody. The initial mortality of operating 
e this condition s abowt 7 per cent. About the same 
proportion ol panenis need secanclary ”Il'l'l(llll'.l\l\. mne 
lele watly o luumllupl( ural histula, oy persist with o positive 
Spittiin. T s type ol tneatment s, therelone, cnn\ul('l.uhly 
trion e o erons than dony nothing, 

Fhie thevapy of the bronching and cmphysematons ele 
ments ol silicosis and the mised dust PRCHINOCONTONS 
st be divected o cach component of the symptounitic 
pretme Ina cold and damp climate the Symptoms are at 
then worst in the winter, especially when the body s 
cooled, suchoas on going o bed between cold sheets, on 
sotting ot of a warm bed in the maortnz, or by sitting 
o dianahe “Keep warm all the time i the right idvice, and this means attention te such homely details 
sowarnnng the bedroom bhefore gomg 1o hed on moving the bhed downstairs ingo the warm patlour. Fwo domestic, but none theless useful, preventves must he mentioned hare: the hot water hottle in the hed, thus awoiding the 

caughung hrought on by contact with the cold sheets, and the stove or five in the hedvaom, auain 1o keep the an 
w.arm «||t>||-¢|| SOCAOS not 1o canse (0|Ig|l|ll’4 A\ connnan 
crse ol feeling cold all over is cold or damp feet, so that foatwemr needs o he warm and watertight, Sweaty socks, 
morcover. soon hecone cold socks, so they should he washed out at the end of the day and replaced next worn e by o wanm dyy paiv. They will alsa Lt longer if this s don Keeping these men wanm prevents them cotehime aned wheezing, Uhe worst time for this is on get- 
tne up o the morni aoand 1S no unconnnan thing {og 
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| Industral Polnionary 1 hiseaases 

v o st on the edae ol has hed wheeana, comghing 
voed sprtmg fon halban how hetore he can ‘nlll hamselt 
tocther,” Deep Ly cathing throngh the month fromea [ 
ar cane ol steaming hot water with a towel enclosing the 
fewd and the oy dsor otten helps ~\1n|n|n-|n‘|'|-.|\|\ Bad 

pae ks al e thless wheezmg e host managed by bhreath 
e s te ol henalim om xw]»\nl.fl nonadienalin andd 
yopine from o st e Band spray fired wath o yuhber 
Lty andd comtort by [t nosepieee It should bhe handy 
cnoneh 1o be coaed about an the pocket Another ap 
proach o the |-|n-|»i|n| ol wheezy waking n the monmimg 
v 1o ke qdluhnu Voo oo (W0 my) Ly month or 1o 
\‘unllnu o0 e unda the tongne. e candiovascula 
aide elfects ol vapd s paipitanons o coosellesh may 
Lt the use ol these drags, oS dso ithenlty 
prssing W e in clderly men Fon patients who e wheezy 
A1 the e 2 theophylin preparation s oworth iy, 
aiech s cholime theaphylhnate 200 g three a day. Some 
ties this dveg Ganses msiety frome s imulating cffeat 
on the bain, Phis can ometmes be dealt with by g 

v osuh hiypmotie dose ol o guickacting Dy bt ate as well 
| here e son propoetany proparations which contan 
Lioth 

\uiuum\m-w\ infective chroni brondhitis iy i e 
‘»vulxh TR ELN GLCRUIL arriosts with |xr.||ul wtac ks ol coneh 
el |-mul-n| pritm cach winter Iach \n\u-nl ol dis 
Jhility tends 1o hecome longer as the vears 2o by 1 he best 
way to handl this rccmnent |»|n|nhm 1 o neat cach 
pack of hronchins s tly with am antibiotic as 1oces 
At present retracveline s the g oo use doses ol 

0 92% o, four fimes a day which can be dimmished o twice 
¢ day when the sputin hecomes dear 1 does not do 
within about 2 fortnicht the e should e \lvi‘\lu(l n 
iy case, as it will he dome no cood. oy those who heneliy 
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Fats stomubatime offocr 

dealt wirth by anvoine 

B harhitate as vell 
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ronchitin is o magon 
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Fated attacks ol conzh 

Iach |Nlll'l| ol dis 
sears 2o by, The hest 

Hem s o near each 

Intihiotic as it ocoms 

o use in doses of 
diminished 1o twice 

2 it does not dooso 

hould be stopped i 

o those whao bhenelin 

Ll Selvcom Prermac oniones 

Bowever, there e two cotrses apen, cither to teat cach 

respiratory anlccton separately as it occurs, starning with 

the carhiest possthle upper respivatory symptoms, or 1o 

wenntan g prophybcne dose ol enacychine thronghoat 

the seasom ol hikely chesembecoons. T s comse s chosen, 

020 enacychime nwace a day s sufhcient. But there e 

strres i seasorith prophylasis. Teas expensive and the visk 

ol the development ol vesistant straims ol hacteria, par- 

Dol by staphyloccocor must he considered, more especial 

Iy ol the patient as i hospical where others can be ine 

fected than it he s meoaekaive solation at home. Com 

tinons antihiotic teatment ol this type, moreover, iy 

it upset the normal hacrevial flova ol the intestime andd 
also perhaps the synthesis ol some members of the water 

soluble B wronp ol vitanins. On the other hand, long 

peoods ol disability every winter season may he sinved 

Bt ol the two methods e is probably the vather hetee 

one tooattack cach mbecnon as i comes, and as carly as 

| bl 

Fhare e aomunher of paints ol practical detnil which 

st also he considered i canme fon these patients, Some 

ol then sufler brom pamy i the chest, usually Tor aoreason 

which Bas no obvions chinical cavse. Local vadiant heat s 

the neatment for this. Sometimes they congh up dha 

maticaily Lnge amounts of black material, "Fhis s usually 

not sevions, Ehe patient should he calmed and the sput 

v culvmed fov acid Gast bacilli as a precantion 

Onoeconery hrom the bronchitis ateack, hreathing exer 

cises shonld he anstitnred and, mdecd, generally morcasing 

hodily oxcrase should be cradually encomaced. The 

Incathing excrcises should he active, with the aim in view 
ol cortmeg the patient o make the very hest use ol his 

dimmished vespriatory veserve. “Fhe muscles of the should 

ar cndle st thevelene, he called 1o the ad o the e 
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U 
Industrial Pulmonary Diseases 

costals and i thdominal niseles 1o those of the thora 1 

Sooner o Liter these Pavents hecome bl brom o cen Bl evanosis aned 1l Huyur\ ol this may not be as stple St seems, because a few of (e worst of them e runmnge th cobon dionide rere nien. Oxyoen will diminish the Wspmioca. e will o therefon diminish the carhon Aroxade clhimmation and the tssue €0) Ay 1ise ta such Chashe lesel that the frevent hecones Hnconscious. I oy 
VISt give oxyuen cither in Jow concentiation tantcnnettently, I hyrey ve S ago onyeen was anen with et Neastetul micthorency by holding shiss tunnel e hront of Pruents Live, I hen prassed o stage ol oxyeen tents and close fittine roasal masks, both of which vave maeh concennation But now, it tal cincle, we are bal et sonncthing hike the oldbashioned founnel for bl crphysenions Patrents with €0). tention | he ericding e as, thoretore, the level of the Pl COL. Cyanosis with sianificant retention suguests dilute Or antermitrent oxsaen, bt without retention ot shouldd 1y Liven in hiah eentetion by mash o tent I cases wle re the In thing T topped becanse of €0 hypmosis, artificial TOSpation rould he staried Nikethamicle Snen mtasenously in doses b 5 10 10 ml ol the 23 Per cent solution can he cir Stowly o stimulae the sy ish YOSPILOTY cenire b g few PAmems there s g case for usine 4 portable ) Cset when some activiny which cannaor 1y mwondedl o he undertaken which males them very hreathless Gy tpstaies when it N impossible o sleep downstainrs comes under this headipe 

Fhe nse of hypnotics i patients with industyial pul monay disease with o Hperimposed cmphysema and needs care and steady head. Iy g casy [on the Hexpenicnced physician ta tempted 1o overdape 
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solution can be 
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msing a portable 
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very neathless 

sleep downstans 

hindusnial pul 
cmphysema and 

tas casy lor the 

I to overdope o 
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rostlosss shoteting and scmptnie cne ol anoxie, particn 

L il hie s hemg a naisance to ather patients or o tral 
to the wmse's nevves. Bt the patient s beluving Like this 
hecanse s cerebral contex as short ol oxygen and this 

should theretone, he supplied. Morphine and s deviva 

tives e tonhidden and the harhittates are dangerous, 
becane they both depress the respivatory centre further 

and e ikely o make the anoxia worse. The oldtashioned 
paraldelyde dianghe 1o fid onmces (15 mb) which 

comtangs 60 minims (1l ol paaldehyde s the salest 
dine i the difhicalt case. 

Lhe sty of alumiminum thevapy, s vise, fall and 
prosent standing must now be mentioned. About twenty- 
five years ago it was shown that the more soluble the 
quartz particle, the more toxie it was. Quite recently 

thare has heen optical confimation ol this Trom: electron- 

ticroscopic stadies where swmall groups of quartz maole- 

cndes caneome Lact, be seen outside and side cells. This 
voscareh has shown that small mmbers of these molecules 

(oligomicric quartz) pass through the outer wall of the 
cell without indentation o other visible damage, but 
when inside they apparently polymerize and form much 
mone casily visible pavticles, “The tidymite form of silica 
has heen demonstvated o dearease both the glucose me- 
tabolism and the debydyogenase activity of phagocytes. 
Bt it has been shown, too, that aluminimm can reverse 
this action. Now, carlier rescavches have shown that f 
quantz hay alveady adsovhed an impermeable il of alumi- 
o hydioxide it does not pass into oligomeric solution 
with only o lew connected molecules, or throngh the cel) 

wall, T shont, the toxicity of the quartz is neutralised. 
Aominiom metal has a similie but fess marked action, 
perhaps because to become fully effective it has hirst 1o 
Lecome hydrated 1o aluminium hydroxide, or to alumi- 
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2N Industrral Pulbmanary Discases 

piv monohydene (ALO O, 

I addition 1o the coatimg action of alumiminm upon 
quantze therve e two ellects which tend to diminish either 

the guantz avalability or the case with which it can entar 

the coll Fast, Hoccubanon ol quaniz lm\\nl(‘l solutions s 

Bronsht about by alummnum, and this happens independ 
ently ol s influence on nae solubility, Secondly, silica 
the fovm of quantz s vemoved from solution by s ad 

sorption on to alumanieme or s compounds. Inoaddition 
to the chencal fces of the mater, experiments with tab 
B sfians thut they care be protected azamst sthcosas ol 
the same time, they neathe enonch wrease hree metalln 
dummm powder of paynde size dess thi 5 g, so0as 1o 

e i concentation i the lang of at least 
I oper cent B s exaiting observation was oniginally 
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