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| On lung dopodts, throusb broat.hing, of a:..nll pzrticlcs
' 3 uuspcnd.d in the ai.r.l o

) ', ‘_b: W, Findetsen, Yuniloch
: with 8 mustrations .

(mtorod 27 June 1935)

The following work, by means of lengthy calculations based on schemitised
hyrpotheses, give the asrosol (smoke, fog) pariticle percentsge filtciw

ed out during passage through tie human lung at variocus stazes of the
bronchial tree. The filtering stems from the fact that ths particlos
-are subjected to four forces, th;be discusszed later, until deposited @

. the walls of the bromchi and bronchioll and alveoli attached thore.
.. The aim of the calculations discussed hore is to sclve tiie problea of
lung inhalation, if only superfieially, at least on a quantitatively
~ baels, {n the basis of the caliulstion results, ons should be eble
to discover what size aervsol particles must bs 80 as to be intontionally

 depositod in large numbers at certain places in the lunzs and thors

to be set to worke 7This quut.lon could be of great. modical importance.

" 1. Flon of the bronchial tree and of breatiing

So as to be able to handlo quantit.ati.voly, the flowing rrocess,

A which take jlace in the human lung beciuse of respiraticn, it _is

neceasary to adopt a -m led plan of tho broncnial tree. dhe ylun

is presented in table I The scalar numbors are partly taken from
Sieglbauer)

: The seperate parts of thc bronchial tree will here bo lebelcd

with letters A,B,C, eto. It is assumod that the broncal and broachiold

aro ocylindrical tubes, whereas the alveolar sacculi are s;phoiceaj furthey

that the bronchl and dronohioll in the same manner ars at equal distance

and of oqual length., Supplomentury, sim;plifying suppositions will be

wade later, on the bifurcations and forking plzces of bronchl und bron-

chioli. As the rapidity of the in the lung traot nust boe given

for the c.lculations, the respiratory curve shown in PFigure 1, which

- reflects quiet deey breathing, will be adopted, - The mchemitic data

results in the stram velocities and"fhrough Strean Timing! fm sectional

parts of the lunga as prountod in Table I,

“Hotas 1 beoams intorested in this work durlng my cetivity as physicist
at the Institute for Alr Tr.vel Medloine and Climactic research in-
Hamburg ( Eppendorfer Hogpital) during the ysars 1931-32. For the
aug;estiam and %l medical advice I ﬁ.rst thank the Director, Irofe
Dra Lo Bmmar, ané D, Zcpu.n _

.
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It is assumed that the strean velocities are always equal i tho ene
tire tube orces scction, on the basis of rathemstical simplificaticn.
This fact is indoed never actualiy fulfilled, but it can really falsify
the ccnclusions arrived at below; the final values will only be a
little too high. : |
. The particles suspended in the air arg brought into contact with

the walls of the lung through four processes indepondont of cone

- another. As 1s known from similar processes, every contact of a

" ohanges caused by molecular movemsnt. Dased on the kinetic gas theory,

- particle with the moist walls (micous membrans) results in the purticles
becoming stucke The four processes discussed bolow establish the

~ - reagons for deposits of particles in the lung cyste.

- 3¢ The -prou”u whish cause deposits of ﬁarbicloa in the ling systen
© . a) Brownian Hovement = . |
A particle suspended in air ia cubject. to uncmtroi.’led position

. 'the length of the distance » in which a particle of radius r'in the
alddle” is displaced in time t, will be:

- xramy

. . : PR Epel g
e ‘ el jo~* ( S AT ]
j\_-l,L,B'é- /0 E[’/.r ;@;,8.,&&4-0.2,?0 c 9

(The formila is based on a deduction by A. Einstein), to which was

. added klllikan's formula on air owrrent particle contents.) The '
;- definiticn "in the middle" means as in mathemitical statistica, that the
wovement is less than/ in 2/3 of the cases, and freater in 1/3. Noxt g ,‘
to 4\ which gives the disglacement of the particlcs! cantor, the inm- ‘
portant question is, what tube radius is nocessary for a particle to l
travel freely through a tube and what is its oxpinsion. The area in

which a particle of radius r remains in its entirety during tiue t
with the 2/3 poesibility, 1s G, L o |
; @A £ o (2 4

salled the "middle field limitn, ,

Filgure 2 gives a sin;le, but still rerreseatative picturs of the
various good adaptations of particles of various dimensions penotrating
froa narrow tubes. The values G are presented here as functioms of
the particle-radius r at varying timcs t. It appears that the per-

“ticle of an approximate size rw 10™% em ( S1x) have the lowest G
valuos, «nd therefore seem to be able to pass through narrow tubes

most oasily. Howaver the important processes which will be discussed
later under b) and ¢) are not yet being considered here.

pinstotn, Ar “m. Phusik 17,549 (1905); 19, 370 (1996)




(See Figure 2j L ‘ - .
un the basis of the Gaussian %error integral'/lresults in:

X ¥
| é(?)a-f%? /De' o - (3)

in which the value ¢)£ﬁ} =2 2/3 1is given, by tho prouvability that a
particle varies to a distance x wialch is smaller or largzer thin .
For example grajhically on obtains, that with a probobiiiey ol 0.37

a particle is subjected to a sidjlaccmwat less then ) 4y, theroioro,
that 37 of all particles dlsplace themsclves less than @ ofs/»frum
their orizinal location; the probability of 0.09S resulic in the same
way from 1/8 /A o If the particlos under cunsideraticn zlways re- :
mainod in the center of the tube (Broachi) at the boglining, the probe
ability of a particle deposit on the tubo wall could alrezdy be givea
as s rosult of mulecular displacement. It must still be asauncd ihai
tho particles are doscated at any point in tha tudbe crogs-scction, and

“that the distince from each particle to the tube wall is therefo

different accorling to different dirzectioas. ‘

A well known Theorem in analytical goometry states that the
distance_§” from a particle (considering the purticle center) to & tubs
wall is moasured perpendicularly to tho tubs axis.

o - e e g P

ey
L= /Or' tre &2V G I Teiied (&)

whore o reprosents the rarticle distance from the tube axis (esccntrici'w),
a the tube radius and A\ (which may take on values from O - 360°) the
censidored dircetiony if A = 0, s G~-0 « The anticipated prob-
abllity of a garticle enccuntering the tube wall for the distance of

dength_$ 4in a cortaln dirsction, may ba establlished with the holp of

the valuo /i and equation (3). A definite arca aldth must be supposcd.
Tho probability (F) that the particle comss into contact with iy one
scction of the tube wall is reached thrcugh deduction. Generally an
arbitrary original particle location in the tube cross-soction is

aspuied, as given in S, . ?fa e o oX = 5D

P: g6 f SSI/- ¢02)] dn A (5)
e o v = O . ‘

2 -
where #= £, 6%y /.  or better, as the particles owm
should he corsldered; should replace it,

52 0, 6&FF —— ' (6)

"4

As the ,')J[z) (S equation (3) ) error-intezral is not analytically
solvable, equatinz:. (5) rust be solved by tho dotalled grapnic method.
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" The true values of the varlous secticns of the Dronghial Trac, as
-~ *. gAven in Table 1, are to replace tho tube radius a and ths thkrough
- otrean~timo ¢ o The particle's radius »r will vary according o

" ‘the dimensions to be discussed.

As can easily be secn, the samo wvalues will hold trus for the

SN spherical aerecls as for tho cylindricel broachi and brounchicli.

Thes calculations and graphic evaluations resulted in the prob-

‘- ab41ity values (given in per ecnt) listed in Table 2, fop susyeaded

partiols deposits in single lung sections, as cavsed oy Yho Srownicn

" Hovemont., As 'socn as the large particle count of an acroool is ccn=

-+ sddered, the "probabilities” no longzer have the significance of co=

. incidences, but present relisble percents;e rates. Tho table sives

-~ the particle quantity derosited in overy &8 lung secticn, by tha

7. percentage of the totil quantity which enter the particuluir lung saction.

. 1"ablo 22 Deposit of suspended pariiclea in part.icﬁlaé lung soctlions
" agcording to Brownian kovement (in percentsge)

Lung

' Sections r0.03« r2 0.Jur80.3u 1% lu Tw 3¢ 7w 104 1€ 30

0.12 0,05 0,02 0,1 © O,QL 0,01 0.0
0.16 0.06 0,03 0.02 0.01 0.01 Q.01
0.2 0.08 0.04- 0,07 - 040L o.nl 0.0L
onl ’ 0016 o OQOd 000" 9.02 OoOl 0.01
Q77 031 0.15 0,03 - 0.04 0.02 0.C
LeSh i.78 0e8Lh 043 0s24 0,13  C.O7
et 189 0,89 0.5  0.25  Olh  0.03
. 2603 lota ' ‘n?l 20’08 . l.hO 0076 . OQM
202 . e 395 2.00 1,0 059 0.34

HEZEQEDMUQWS

The daposits by molecular movemeat of small radius particles and in

" small areas of the lung tract, therefors a relatively greater surfaice,

‘were naturally much morenumerc:us, ZThe molecular movement pluys an une
daportant role in cases of particles with 2 large radius, ‘

b) Sedimantatica

During renotratioa of t.he lungarea, the suspended purticles are
subjected {0 sedimentation, czuscd b vertical movexeant owing to carth
accuelerstivn, which alsc causcs particle deposits cn the wills of the
bronchd and bronchioli. The depositing throuzh ssdimontitlon also dee
yends on the particle £all velocity, the size of ths bronchi or bren~
chloli, the tims during which the fal) couatinues ("through strozaing
tize®), the direotion in which ths bronehi or broacnioli run Faralzll
to Lhna horirontalus. The greater the tendessyto the horizontais tho
ieus noticsabie L3 the influence of sedimerntation, The ccdimentation

-

+ e ¢ o e m e e ey e

P ——
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in all bronchi and bronchicld differs, eince they (froa polot € on, in
the Table} have warding tendenclos fowasds the hor rizontals,

Sy e dyling the tendesney curvs {7, the parbleie rudlus 1, Lho
‘tbmug @%m@xsg tims % , the tube 3‘&:&@3 mammhuw bronehiolus) a,
and with the halp of Hilliken's formule quoled above, one miy sonclulde
that the probadllity @E’ parsiele d@pcsim An the tube is:

- s ys
IEE o ;

o Y o
P "':;5;; T T e (73
’ gmffgﬁg é ﬁ'&?%"f‘ W - ke t"‘é-‘-‘ Ty
Cos” T2 o S}?Z:::“i Cg 15 if} f;-;: R R -] {23

I has been assumed theh Yhe PArITiIEs arg spherissk in shs; o gad that

thelr speeifis walght i3 &0 4 P cannot be m&m&t&i ain,ﬁg fopr gvey :
bronshive and brenehiciue with ite cerresponding walue Ora ', , an i
average vRive mmab %@@ @nmmg which moy bs esbablished bgr“ﬂ ! i

&
L 9esPT g f Con oAl 2w B G
€981/% & will be @xﬁ@m for the fasa@?ma f4) smd the main bronent (38);
thie zevees,onds 49 the doveal lengbh of the humun body,

The pesbability ef mﬁmn%&%«m in @m assuned spharicu} alvecls
resulis ase ' 2 . o
. ,€ 2 /3;,.,,,

@.‘@ é;ﬁ S Cé@-"@ﬁ E% - ':“ Coren 'w"'p@ T 7 {9}

\tﬁiﬂﬁ tho wivs of gses @i& 43 as ghven iv eguation {34, selocing cos [
w4 & i now the alveolas rodium. The probabllity P Lor de.osils
through sedlesalation, csloulsted by equations L7} and {9) are wivem in
Pable 3, dn the seme wey &8 was given dn Takls I above.

3 . Tobls 3, - Deposite sesulting . &5@ Mﬁﬁ@%&%@ﬁ

.

- X A g 10 ¥s 30
. & @%@ Q&@s @at @aw @e& e?ag! 5? fﬁ§
B ﬁs}@ia @s@l @e@l ' ga% @@? ? L] 5?3
G Q8% (e .08 @w{sﬁ @92&5 5&{;5 zi#gs [
% @‘Ql @.@a @Q@Ea @sl@ @w? 9QQ 79@@
. & 2.8 .00 Q.03 8.7 242 et 100
F .08 0,06 039 38 0.8 100 100
. G 008 0.08 936 3.b 0 28.7 300, 100
i 0sk3  Dub9 &3 A0S 100 180 100
L a3k 1.47 304 84 OO 100 109

T R DR R g




¢) Effe~t of inertia

- In all places where the streanm is subjected to direction changes,
the suspended particles, depending on their inertia, execute motion
relative to the surrounding medium. This effect is evident at all
forking points of the bronchi and broncnioli during breathingz result-

S ing, in a certain amount of particle deposits on the wails in tho im-

mediate vieinity of the forking points. The depusit depends on the
particle, size (radius r), the stream velocity (u), the dircction change

~angle (¢3) and the tube radius (a)., With the aid of the Stokes formula

"". .. .

-~ one may evaluate the path S, covered by a part.icle (sphencd., of
\Ipdciﬁ.c might l) rehtive to the mediunm,

o ,:\7"‘4 /‘“" 7‘

. thoocmsta.nt ot inte or ai;r friction, i.s:( '
:'/ 0 /A7) 0r O e il .37 .
The deposit’ proba f.y is ,
o ' ¢&0 2
" when : 2 ) .
' v f& el 4}. B (12)
008 -, = C? D A - :

. The value 300 will be given for the "‘uming anle at the bronchi znd

"brsnchioli forking points /i — /.. (3-70 - == e (25 e,
.90~ for the passage from the bronchioli respiratorii to the ductuli
alveolarii G-»H and O° for the 1ast passagze into the spherical
sccull., .This was fully indlicatud by the natural circumstance. The

.- probabllities P, which are thus obtained from equation (110 are given
’ in T&ble ‘o

. Table 4. Deposits through: the effect of inertia

- lung

Section r= O.!Jn r=1n . r-3p r= 1lCp
7
5B . - 0O, o:Lo/ o o.1ﬁ 1.02 1.4
B~C 0,023 - . 0.258 : 2.3L 25.6
C-b . 0,034 . 0.372 3435 3647
D-E -~ [ 0,022 - - . 0.248 2424 2448
E~F o 0ale . L 04075 L6 - T 17.3
 F-G 04002 LT 0,022 . 0.20 2.1
O GH T 0,906 0,066 . 0.6 6.6
- . I.H "A - LA - " - - -
H-G - - 0.01 0.1
G~F G.00L ~  0.011 0.10 1.2
F-E 0001 F 0 04006 - 0.06 0.6
E-D © 04004 . T 04039 . 0,36 3.9
DuC - 0.,008 0,091 0.8y 8.9
C~-B 0 009 S C.10 C. : .
5 9.007 - 0.0a1 0 7
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d) Feripheral aeffoct

A fourth occurancs of dejocits ofparticles susjomied in tio alr,
which is relatad to the foriing polnts of ths brenshi and bronchioll
Just ac that discussed above, quantitatlvely 1s only of cmull due
portance, howevor it .ust bs glven here for the suke of coupletuncss.
it is alwuya of lmportance whon the garticle cizes comjure with tho
tube dist vances,e

in arca axists noar the tube wills, in which the exdstence ol a
suspended purticle is impossibie (boceuvse of the voluminuus spreud of
the jurticles); the width of this jporipheral zpne is equal 4o the par-
ticle radiuse . @rtain number of the suspende: ;erticles must be de-

. posited when an aerosol enters a tube, nizmely os zany &9 proporbion—

atoly fall into the poriphoral zene. The peripheral effect depends on
the proporticn existing botween the particlo rzdius and the tube rediva,

Un tho supposition that the peripheral zone of a tubs does nol lmucdiate=

1y change into the following, us is Justificd in: the case of forking
roints 1n the lung, the probability for pahicle disappearznce ab tho
forking points is as follcus:

1

V. ;
Pa . 02 { / (13)
~Iable 5, Deposit caused by perignernl effect
Lung
Section &_l 2" ) n—_j 3’_ r = 10 A
43 0.05 0.16 0.53
B={ . 0ed0 0.30 1.00
D=5 0.27 0.50 ' 2,65
=T 04067 2,00 . 6455
F<G 0,20 2:,39 7.8h

ThaGFﬁhinn of the EuRe into uhfégmthe 36?030}9§8n6u7«t35 is always to

be substituted for 2 o The F values accordin~ to (13) are given in

Table 5; they are only small,

3¢ Conpillction of the individucl data ,
The four seperate proceedings described in section 2, all toke

Hace simultancously when an werosol eénters the lunz, and the result-

ing offacts, which leud to gariticle deposits on the walls of the lung

- tubes, sra adied togehters. Tubs derositc (Trachsa, main bronchl, ete)

are obtainud by adding the effect of muleculor movesent and sedinentation.
Deoposits at the forking points (beginuing with Ahe first bifurcaticn)

are calcuiated vy adding the effect of irertia ind the rerijheral eficct,.
Liowaver ono wust be caraful when wsing the porecenta;es glvea $in Tazble

2 ord 5 thzt thoy always bo 100 % partlele masses at the area in guestion.

- The doposit of particles must be studied im retrozrossive steys in the

dinlnution of the partlecle quantily Irca the Trechea cn, o 25 to ob-
tain the trus distributicn of the depuvadted particle quantitics of an
inhaled aerosol &n seperate lung sections; tho path of the acrosol fran

| |
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&he treshes 0o bhe sascueld alvsulard and back %0 the triongs must D2

followed.® Tabio & whish Lllustpatos valuss fur 3;echlic ;.rtisle

alges Lrem 10 down Bheough Flguse 3 « §; was poached In his mionow.

Fodle £, Foteld valwss fvs suspanded partdele depusits in & ub

pancisasivn of the Trechoe with givea pertlele quentitles.
A Bodb G048 G5 10
L [t ey sy v
B PaZk . 0u30  Du85 Deil  O.F b2
) E‘d‘@ @w% - @Em. ' @e@ﬁ Qfez? i*’;a‘;% 2@@@
& 3:28 - De33 D07 BT Bl 2 N
G=li Dok Q0L D04 Q37 3o 20,2
B . Q@§5 @ag& ) @;&3 @ei& G.8 2@%3
BaE  Oetl - G0k 0.0 D3R 2.7 8.0
& 300 G52 Qa2 G35 RO 2.3
BP Qe 0L S.03 D.8hF 3.4 38
g éal ’ §E§- 2;@ .ééeg ggaéé l@eﬁ
Foft . Qoflh Q0L QB 899 2.3 B
@ ' éso;% : 2\32 2@@ 3@? . ‘&é@@
G-8 - 0.0% S8 O LB 25
B 9.2 - 91 A5.8 3.3 %@é‘
Bk @sﬁi D Qeti ‘@Gﬁi Lk
L E bl - 8.8  ART £L8
L ?‘?? 3@5@@ é@ﬁ@ @55@ _ggéi ) . ! :
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g5 larger Sea Bamdly pemsirade fnte he lungs bossuse Lo tho mout

Coo7 - paxk they 8y depoelled in tie Trachee {agcopding $o tha o
S the hasen By engisired sbeves) @r dastly eb the Blfurcation. fore
S0 %ielee ef o My sadiug peack Ante the byouchisll serminales, up to

the edge of the respirstory seoblonm of the lung. Nost of lho 314
L partleles sre deponilad An the resplrabory seeticn, bub do net reach
Ll the seosull alveolapil, de whish the 1M partielen are for the flrst
S tue deposited An lavgs quantitisd. 2.6 F of ke digpastdcles cover
ahe entire path fpom the Trachbes te the ssgeull and bask withoud holng
dogoaited, bosiuse Shey ass cobeled, Ihe exhaled peveantals Inerosacé
noblosalby wiih Ghe emuller purtieles, sad comwisis of ayjroxlmutely
65 £ e both 2o Qodgend e Ouls parileles. Incressed depvsits im
the resgdpatory sestien was evidait widh fhe .00y gerticlen; the
sezllest 6 be studled Yore, end o resuiblng dibeimished exhaling from
ohe lungs. WiBoroas heavy dapestts of large particles Rive boon nobiced
ab tho fosking poings, %@ sell pariicles are sowplstely ebaunt bew
gauss of thely Limited inesdis, The effscht of Inesblis end Lalld move-
| meat sonbrels the largs pevticlen. while selesular sovement nela entlhs
amall anes. B odh sffecks oFw ody,selstively saell in parbiclew with
o widius 6f 0 96 Ocdesomining 1b the Db tht Lhess parblales are
© dagosited dn the luag &L‘ag@%a:ém@ {5 emsiley pasbiele sive
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srrenys Lo $00 groatwst punstrailon provablility sohrary o Flours 2
begauzs the guontlon 1s dlilfsrent.)

The gom,ubing values hive bosn deteralnnd by the 1ud J porticle
guantlily of the sesosel &t ihs plage of enirunss lnbo the Trachos.
buring resscarch and chasevatden of llving nun, in thls escngeblion the
duypsrbant guestion wild be to cayyure tho de csitad partials gunstities
in the sapssabe bz seetloas 36 the jepblele quentity {demsiiy of the
servoel cubsids tho humin bodys. lowevor thds nuestion dows nob
4ilfor greatly fros that treabed hors) fur, as ¢.n onslly bo recognizned
by the above daba; only & limlted Jdoposil fuhes place with sanll pars
ticdes in the throat eand the lapynx; on the other hod the largo dron
whieh deposit themselves in Lhe throab avd laswng dn visible gquuintities,

B9 @iy of Ltiie iaportanss Lor lung Leholation,

In sonnestion with the resmulting value ong shonld vanbicn thal
nsdurally, the eriginal slnmplified hypothooves, madld 2t the booioning
of the ssieuiakbions; soassrning the plan of the bronehlal tres and the
Lrgathing process, dn 2o wiy diminieh the hich aseurcey domand of btus
punber valuoe (the multiple firure resubtls of the nuwwer vailues will
enly offer epjortunities fow eomrurisch) but oo ths contey.zy the oo~
tablisked siler of megnitude of the dlscussed processes will nob be
diaproved by the resulis. The following should be sboerved: Tha re
sull ssleulated Sor the 34 partlelos; thal absolubaly no peastratieon
and deposit esours in the saceull elveslerdiy is sslualdly nob cosvoely
tha averapge angle tendensy of the duetull alveclaril acespbed in the

C geleuletions for sodiwscbation iz ¢srtainiy exmcgeded in parb; so thab

& scuplets dopesdd of Jesrtlcies doss gob yesult o the dusluld end ¢
that saperate Jparticies penebrale the ascsuld. Similap swall in-
ssouzacios Bay s5134 axdsd at obther pleses, in wery  -alristed nu.bors,
in most chewervatiens $his wlll play ne guantiiative pasb. -

be EEpesimental Yesh .

.

Experiacabil ressssch wsz $o show whether the 4ate soached by %he

ahsve cileulations wsi generally in saroumend with the Srue focds, fup-
ther zovs 40 wes Lo be setablished, whethsr actully cue of Sha munbery
values ze.ched hese wn the basis ef previously given parblele zizse .
hag & eurresponding portion 4o the vemplratery sedticn of the lung.
AR zeroscl pprodused by dueling of e tabls malt selution was used during
the buste; the parbiole elves, (whish slovltacecusly wess very diflsronk
in nobuse) and likewise the guantisy, io wilch various partlcle sizos
sppoared, vere known on b baals eof physical rescareh. The sorcssi
was drown fhrougn the lung (a2 fresh as jpossible) of & large snlmed
{dog, ealf, shoeep) from the troches %o the brovculeli temdnales; &
which wara opsned by sovering She gleurs and ¢he greatesy r.ob of
the sivedise. The drawing thwrough of tho serosol ‘sentaining 2ir was
based on the primeipal of suvdomaiis lungs, only oy the inhalling di-
rection. The alvsireame veloalty wus basad au the natural veatilation
veloslty, The asrosel denaily (particle quandity pro ales veluse) was
extablishad bofore and after tho pugesags of the worosel conbalnlng
thrsush the lung Yy mwane of quantitetive tabdae salb analjslaz, throuzh
use of & glosswwosl £iliey o calch the seroscl drops. Thiz mesulbed;
ia ihs Snst thal o dyep-veluss pessed Shrough the lung, which wuder
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consideration of the various dro;~sizes of the aordéal, colaciued
quite pdeasantly with the above glven calculation data. The oxpori-
ment data may thus be used as a support for the above given theory.

CULNCLUSIUN

The area of applicaticn of the theory presented hero and of its

. data could in the first place adapt lung inhalation to therapoutic
onds. Figure 3 - 8 conctitutes simple picture, showing where in ihe
lung aercosols particles are dejposited depending on size and cn the
zzgziogagétallz;eano to seek the particle size best adapt«d to a

: e a in 1u n . .

. inhalation g:zo. "?o?‘;ihﬁﬁfﬁaig i;qgogOgg%gnioog%%aelggﬁttﬂkgrorriate

" haze with a drop radius of approximats 10“ is lgast suited for treat-

. mant of the bronchi, while the srop size r = Igfis well adapted to
the exclusive hardling of the alveoli (the specific weight 1 is es-
tablished for the liquid in this case.)

A further area of appiication, with cne could originally only dcal
in theory, iz the problem of lung conirast f£illiag by inhalation for
the purpose of x-ray dlagrosis. The probleam has been worked on oX=—
perimentally by the author in close ccoperation with Dr. Zeplin (pre=
vicusly at the Barmbeck Hospdtal, Hamburg); the tests have given

promising results.
| SUKMARY

“The quantity of suspended particles of various sizes ("suspended
substances") in the inhaled air which is duposited in various sections
of the bronchial tree was numerteally calculated on the basis of
physical reflecticus on a lung plan adapted as closely as possible

_ to the huaan lgg@. The data shows that largor particles (radius
“greater than 10°7) attach themselves to the mmuceous membrane in the
\~$:a§aea and the large bronchi, smailer ones (radlus approximutely
0.1} on the other hand are mostly filtered out in the resgiratory
. sectjon of bhe lung; even smallor particles (radius between Q.1 and
' 0.3A£) are oxhaled for the most part, a lurge quaantity of the gma2llest
particles to be ccnsidered will again e depcsited. The calculation
resuits may be considered corraect on the besis of experimental cross-
checking. They way thsrefore be used for medical purposes, when it
ig a question of choics of the most fitiing suspended particle slze
sor inhalation treatment of a definite section of the bronchal tree.

Nehs: See oviginal avtlele for ell Zigures.




