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DUST SAMPLING AND LUNG DISEASE"

Sampling of airborne dust by means of a selective instiument having
a retention similar to that of the lungs would greatly facilitate the
evaluation of dust hazards. The author discusses the principles on which
the design of such a instrument should be based. His conclusions are
founded on recent experimental data on dust retention in alveoli.

No instrument for sampling airborne dust and mist collects a fraction
of the cloud which is truly representative of all the particles present
during its operation. Errors due to the sampling apparatus cannot be
entirely eliminated and, as a result, the assessment of airborne particles
is always biased according to their size. Fine particles, coarse particles,
or both, may be deficient in the final analysis and the original airborne
particles may be changed by precipitation.

In favourable cases a good picture of the total dust can be obtained
by combining several methods of securing the samples and using a
variety of techniques for their evaluation. ‘

So laborious a reconstruction, however, is seldom necessary for
gauging risk to hcalth because certain sizes of particles have greater
significance in this respect and it is only those which need to be
sampled accurately. This is particularly the case when the dust is only
slowly absorbed, or reacts only slowly in the tissues of the body, be-
cause harmful effects can then be ascribed with confidence to particles
which are small enough to penetrate deeply into the lungs. Many indus-
trial dusts fall into this category.

The action of soluble or reactive particles of dust or liquid is compli-
cated by many factors and its dependence on particle size may be less
important; mass concentration is then likely to be a better measure of
health risk than for relatively insolable dusts such as those of the pre-
ceding group.

If samples of dusts which react only in the alveoli are collected with
an instrument which accepts particles according to the same law as the
lung alveoli, then the mass of material sampled should be a reliable
indication of the risk to health. This is not true of total samples because
they commonly contain an overwhelming mass of material in the coarse

* A paper read at the Xth International Congress of Industrial Medicine, Lisbon,
1951.
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sizes which are unable to penetrate deeply into the lungs. A selective
sampling instrument would simplify the measurement of health hazards
because the laborious microscopic analysis of the samples would become
less necessary.

A knowledge of the alveolar retention is an essential preliminary to
the design of a selective sampling instrument. Two experimental meth-
ods have been used to study this. In one, an analysis is made of the
air exhaled by living subjects and its content of particles is compared
with the quantity inhaled. Alternatively, undissolved dust can be
extracted from the lungs of deceased miners and rock workers and its
size distribution compared with that of dust in the former workplace.
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Promier éestica — Particle diameter

Fig. 1. Alveolar retention (particles of unit density)
SL. 1. Zadriavanje prasine u alveolama

The two methods should yield different results for particles which
fall in the range of sizes which is effectively dealt with by phagocytes.
Exhaled air analysis should record that a greater proportion of these
sizes is retained in the lung than does the analysis of lung residues
from which material has been lost by phagocytosis to the bronchial
epithelium, where it is eliminated by ciliary action.

Results of recent experiments on alveolar retention are shown on
figure 1. To make comparison possible, the original particle diameters,
d, have been corrected to values for particles of unit density by multi-
plying by the square root of the density, o. This gives a good basis of

Ly

comparison because particles are deposited by impingement in the upper

55



bronchial tubes, with a gradual transition to sedimentation in the finest
bronchioles and alveoli, and the effectiveness of both these processes is
measured by the value of o d? for particles of similar shape.

Data secured from the analysis of lung residues, which are shown on
figure 1, have been taken from the papers of GessNer, ROTTNER and
BUHLER (1949), of Beprorp and WarnEr (1950) and of CARTWRIGHT
and Nacerscammpt (1951). It is only possible to compare the particle
size distribution in the lung residue with that from samples taken in
the workplace; no conclusions can be drawn regarding relative num-
bers of particles. Hence, in order to obtain the particle retention as a
function of particle size it is necessary to make an assumption about
the absolute retention at some point on the curve. In plotting these
results it has been assumed that the retention of particles of unit den-
sity in the alveoli and fine bronchioles is 529 at 1 u diameter, a figure
based on breathing experiments.

The breathing results obtained by comparing the size distributions
and concentrations in inhaled and exhaled clouds are due to Van Wik
and ParTerson (1940), Dennis and Sawyer (1950) and Brown, Coox,
Ney and Harcu (1950).

Below 1 w it will be seen that there is a fair measure of agreement
between the retention figures of different workers using widely different
techniques. For larger particles the scatter increases, but it rather ap-
pears as if the retention of non-coal particles is less than coal for which
the points are fairly evenly distributed about the exhaled air analysis
curve of BRown et al. Such a difference, if proved, might be accounied
for on the hypothesis that coal particles were less effectively eliminated
by phagocytes.

In figure 2 we see the retention of dust above the respiratory bren-
chioles according to the experiments of BRown, Cook, NEY and HaTcHh.
Dennis and SAwYER measured total lung retention without attempting
to define the site of deposition. Below 1,5 u the dust is almost all depos-
ited in the alveoli but a proportion of particles, which increases with
their size, lodges higher up. By using the data of Brown et al. we have
corrected DEnNis and SawvyEer’s figures for total retention to give re-
tention above the respiratory bronchioles. These points are also plotted
on figure 2; they fall reasonably near to BRownN’s curve.

The maximum alveolar retention is about 50-60%¢ and occurs be-
tween 1,5 and 2 u. There is no need to make the selective sampler collect
only a fraction of the cloud at this size and if 100% collection is arran-
ged here, then 50%0 must be collected at 5 x, according to slide 1.

If size separation is performed by elutriation of the air taken into the
sampling apparatus, the fraction of particles of diameter d originally
present which is found in the air finally collected in the sample is equal
to 1 — (d/D)? where D is the upper limit of size in the sample. For
50%¢ acceptance at 5 u diameter (unit density) this formula has a cut-
off at 7,1 u. The corresponding acceptance curve is shown on figure 3.
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Promier cestica — Particle diameter

Fig. 3. Acceptance curve of selective sampler

Sl. 3. Krivulja hvatanja selektivnog instrumenta za uzimanje uzoraka

Brown et al. (KOrigirano s obzirom na alveolarno radriavanje prema krivulji
Browna | suradniks)
© Dennis and Sawyer (corrected for alveolar retention according fo curve of Brown ef al,)
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An instrument designed to this curve would accept more particles
below 1 u and fewer above 5 u than the human lung alveoli but be-
tween these sizes a similar distribution of dust would be accepted.
Probably, in practice, so sharp a cut-off could not be realised, nor could
any allowance be made for a toxicity factor, depending on particle size;
this would impair the correlation between weight of dust collected and
the risk of discase. The elutriator formula is a simple one for design
purposes, however, and it is considered that a much clearer picture of
the dust hazard could be secured by carrying out dust surveys in mines
with a selective sampling instrument having the acceptance curve
described above.

The author of this paper is a member of the scientific staff of the
Medical Research Council.

London School of Hygiene and Tropical Medicine,
London
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C. N. Davies

UZIMANJE UZORAKA PRASINE 1 OCJENA
OPASNOSTI OD PLUCGNIH OBOLJEN]JA

Upotreba instrumenta za uzimanje uzoraka pragine, koji bi zadrzavao
prasinu sclektivno, sli¢no kao §to je zadrzavaju pluéa, znatno bi olakiala
ocjenu opasnosti od prafine s medicinskog stajaliita. Autor raspravlja
principe, na kojima bi trebalo osnivati konstrukciju takvog selektivnog
aparata za skupljanje uzoraka pradine. Autorovi zakljudci osnivaju se
na nekim novijim eksperimentalnim podacima o zadrzavanju prasine u
alveolama. ¢

Nijedan uzorak u zraku suspendirane prafine ili magle, uzet bilo kojim instru-
mentom, nije potpuno reprezentativan za sve Cestice, koje se nalaze u zraku pri
uzimanju uzoraka.

Pogreske, koje zavise od konstrukcije aparata za uzimanje uzoraka, ne mogu se
potpuno climinirati, te je stoga odredivanje u zraku suspendiranih &estica uvijek
netoéno s obzirom na njihovu velidinu, U kona¢noj analizi mozemo naéi manji broj
sitnih Cestica ili krupnih estica, ili i jednih i drugih, a prvatne u zraku suspendirane
Cestice mogu se izmijeniti pri talo¥enju.

U pogodnim sluéajevima mo¥emo dobiti dobru sliku cjelokupne pratine, ako spo-
jimo nekoliko metoda za uzimanje uzoraka i ako upotrebimo razli¢ite tehnike za
analizu tih uzoraka.

Takva je muéna rekonstrukecija, medutim, vrlo rijetko potrebna, ako sc Zeli ocijeniti
opasnost po zdravlje, budué¢i da &estice nekih velidina imaju u tom pogledu veée
znacenje, te uzorke treba uzimati to¢no samo s obzirom na Cestice te velitine. To je
narotito slulaj, ako se prafina apsorbira u organizmu sporo i tek polako reagira s
tkivima u tijelu. Tako se mo¥e Stetno djelovanje sa sigurno$tu pripisati &esticama,
keje su dovoljno malene, da prodru duboko u pluéa. Mnoge industrijske praine
pripadaju toj kategoriji.

Mnogi faktori kompliciraju djelovanje topljivih ili reaktivnih &estica prasine ili
tekucine, i zavisnost tog djelovanja od velitine &estica nema tolike vaznosti; u takvim
slutajevima bit ée te¥inska koncentracija bolja mjera za opasnost po zdravlje nego
kad se radi o relativno netopljivim prasinama, o kojima smo prije govorili.

Ako uzimamo uzorke prafine, koja reagira tek u alveolama, i to instrumentom,
koji skuplja estice po istom zakonu kao pluéne alveole, onda bi masa materijala,
koij je skupljen, trebala da bude pouzdana indikacija za opasnost po zdravlje. To
nije totno s obzirom na &itav uzorak prasine, buduéi da u takvom uzorku obi¢no
prevladava masa materijala, koji se sastoji od grubih destica, koje ne mogu prodrijeti
duboko u plué¢a. Instrument, koji bi selektivno skupljao uzorke prafine, pojednostavio
bi mjerenje opasnosti po zdravlje, budu¢i da mukotrpna mikroskopska analiza uzo-
raka ne bi bila toliko potrebna. .

Za konstrukciju instrumenta, koji bi skupljao selektivne uzorke, bitan je preduvjet
da se zna, kako se zadrzavaju lestice u alveolama. Za proutavanje tog pitanja upo-
trebljene su dosada dvije eksperimentalne metode. Jedna se metoda osniva na analizi
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izdahnutog zraka Zivih ispitanika. Sadrzaj cestica u izdahnutom zraku uporeduje se
s brojem udahnutih &estica. Kod druge metode ekstrahiraju se neotopljene Cestice
pradine iz pluéa preminulih rudara ili radnika, koji bue stijene, pa se raspodjela
velitine lestica uporeduje s raspodjelom testica prafine na prija$njim radnim mje-
stima tih radnika.

Te dvije metode trebalo bi da daju razlitite rezultate za lestice, $to padaju u
podruéje velitina Cestica, koje s uspjehom prozdiru fagociti. Analiza izdahnutog
zraka trebala bi da pokaze, da je u plu¢ima zadrzan vedi dio tih ¢estica, nego $to
to pokazuje analiza pluénih ostataka, jer je iz tog materijala ve¢ odstranjen odreden
broj lestica i fagocitozom prenesen u bronhijalni epitel. Tamo se te Cestice elimini-
raju djelovanjem trepetljika.

Rezultati nedavnih eksperimenata o zadrZavanju praSine u alveolama prikazani
<t na slici 1. Da bi se omoguéilo uporedivanje, korigirani su prvobitni promjeri
estica (d) na one vrijednosti, koje bi ti promjeri imali, kad bi Cestice imale jedi-
nitnu gustoéu. Korekeija je 1zvriena mnoZenjem tih prvobitnih promjera s drugim
korijenom gustoée (o). To daje dobru osnovu za uporedivanje, buduéi da se u gor-
njim bronhijalnim cijevima estice odlazu udaranjem (impingement) uz postepeni
prijelaz na sedimentaciju, koja se zbiva u najsitnijim bronhima i alveolama, a
efikasnost jednog i drugog procesa mjeri se vrijednodéu o - d?, ako su Cestice slitna

oblika. )

Podaci. dobiveni iz analiza plu¢nih ostataka, koji su prikazani na slici 1., uzeti
su iz radova GEssNERa, RUTTNERA i BUHLERA (1949), BEDFORDA i WarneEra (1950).
CArRTWRIGHTA i NaceLscamipTa (1951). Uporedivanje se moZe izvesti samo s obzirom
na raspodijelu veli¢ine Cestica u pluénim ostacima i u uzorcima uzetim na radnom
mjestu; nikakvi se zakljuéci ne mogu izvesti s obzirom na broj Cestica. Prema tome,
da bismo dobili zadrfavanje &estica u pluéima kao funkciju velidine Cestica, treba da
pretpostavimo neku odredenu vrijednost za apsolutno zadr¥avanje Cestica na nekoj
totci krivulje. Pri unoenju tih rezultata u dijagram pretpostavili smo, da je zadrza-
vanie lestica jedini¢ne gustote u alveolama i sitnim malim bronhama 52% pri
velitini estica od 1 u; ta se brojka osniva na mjerenjima u izdahnutom zraku.

Podatke dobivene uporedivanjem raspodjele velitine lestica i koncentracija w
wdahnutom i izdahnutom zraku dali su VAN WiK i PATTERSON (1940), Dennts i
Sawyer_ (1950) i Browx, Coox, Ney i Harcu (1950).

Vidi se, da se za veliine Cestica ispod jednog mikrona vrijednosti zadrzavanja.
lestica, prema podacima razlicitih istraivata, koji su upotrebili razlitite eksperi-
mentalne tehnike, prili¢no dobro slazu. Za vete se testice rasipanje rezultata pove-
tava, ali se &ni, da je zadr?avanje testica od neuglijenog materijala manje nego
sadriavanje ugljenih Eestica. Rezultati za te Lestice prili¢no su jednoli¢no raspodije-
ljeni oko krivulje analize izdahnutog zraka, koju su dali Brown i suradnici. Ta bi
se razlika, ako se doista dokaZe, mogla objasniti hipotezom, da fagociti ne odstranjuju
ugljene Cestice tako efikasno.

Na slici 2. vidimo, kako se zadrzavaju Cestice prafine u dijelovima respiratornog
trakta iznad bronhiola. Ti su podaci uzeti iz eksperimenata Browna, Cooka, NEYA
i Hatcua. DENNIS 1 SAwYER mijerili su ukupno zadr¥avanje pradine u plu¢ima, a da
pritom nisu pokusali definirati mjesto odlaganja. Ispod velitine od 1,5 mikrona pra-
$ina se gotovo potpuno odlaZze u alveolama, ali jedan dio lestica, koji raste s po-
rastom velitine, odla’e se u gornjim dijelovima respiratornog trakta. Upotrebivii
podatke Browna i suradnika Korigirali smo vrijednosti DENNISA 1 SAWYERA za ukupno:
zadravanje prafine u pluéima, i tako smo dobili podatke u podruéjima iznad malih
bronha. Te su totke takoder nanesene na slici 2.. i padaju prili¢no blizu BrRowNOVO]
krivulji.

Maksimalno alvcolarno zadrzavanje iznosi 50-60% i odnosi se na Cestice izmedu
1,5 i 2 mikrona. Nije potrebno, da aparat za selektivno skupljanje prasine skuplja
u tom podrutju samo odredeni dio Cestica (50-60°/c); ako se aparat konstruira na taj
natin, da zadrifavanje u tom podrudju bude 10090, onda ¢e u podrudju velitine od
5 mikrona sigurno skupljati 50% (sl. 3.)-
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Ako se odjeljivanje Eestica prema velidini izvré clutrijacijom zraka, koji ulazi u
aparat za skupljanjc uzoraka, onda broj Cestica, izrajen kao razlomak ukupnog broja
Cestica s promjerom d, koje s¢ nalaze u zraku, iznosi 1 — (d/D)%, gdje je D gornja
granica velidine Cestica u uzorku. Ako se trazi, da aparat hvata samo 50/ &estica
velidine 5 mikrona (jediniéna gusto¢a), onda prema toj formuli aparat ne ¢e hvatati
Cestice, koje su veée od 7,1 mikrona. Krivulja hvatanja estica prikazana je na slici 3.

Instrument, koji bi bio konstruiran prema toj krivulji, hvatao bi vige Eestica ispod
1 mikrona, a manje iznad 5 mikrona nego plutne alveole kod &ovijeka, ali bi jzmedu
tik velitina uhvaéeni uzorak imao sliénu raspodjelu velitina. Vjerojatno se u praksi
ne bi mogla realizirati takva sclektivnost instrumenta, a isto se tako ne bi mogao
uzeti u obzir faktor toksitnosti za pojedine velitine estica. To bi pogorfalo kore-
laciju izmedu teZine prasine, koju smo skupili, i opasnosti od oboljenja. Ipak, ta je
formula elutrijatora jednostavna za konstruktivie svrhe, i mislim, da bi se dobila
mnogo jasnija slika o opasnosti od prasine, kad bi se mjercnja koncentracije praine
u rudnicima vr§ila selektivnim instrumentom za uzimanje uzoraka, koji bi, s obzirom
na hvatanje Eestica pratine, odgovarao naprijed opisanoj krivulji.

Autor ove radnje je nautni suradnik Savjeta za medicinska istrazivanja (Velika
Britanija).

London School of Hygiene and Tropical Medicine,
London
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