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OR TiE INHALATION OF VERY FINE ARROSOLS ~~
4 COMPARATIVE STUDY INVOLVING SMALL RODENYS

Forteshritts der biclogischen aerosol Forschung Ir. H, Oldiges
(Ad;an;;a in biological seroecl resesrch}
33452~

Incressing industrialisation is accompanied by an enrichment of the
atmosphero with suspended particles /aerosols/. Of courss, a differentiated
filter technology does make it possible to remove some of the coarser sdmixtures
from industrial waste gases, for instence; but the very finest aerosol frastions
continue to be fad into cur enmviromment in a by wo means inconsiderable volume.
In ~dddition we have the contaminastion due to radicsctive components released
in atomis protesses and muclear explosicna. Here it is sgain the very finest
partizles which constitute & long-range threat to vasi areas becauss of their
saall apesd of sedimentation. The physical end chemical effects of the very
finegt serosoiz on biological processes in the osganism howewer still require
extensive olarification. It is therefore sdvisable to davote special aitention
to this portion of the suspended particles. From detsiled onimal experiments,
using rats, mice, and golden hamsters, we tried to get an oversll picturs &s to
the qusntitative sorption of very fine liquid aerosols in the watery phase.

Matarial and Method

The animal materisl used in these inhalation experiments was of homo-
genecus origin and nsture. The average weight of the rats was 208 g, the
golden hamsters weighed 62 g and the mice weighed 23 g, esch. The fresh lung
weights were around 1.5 g for the rats and the trachea weights were around 0.1k
g. In the case of the golden hamster lung the figure was 0.6 g and for the
trachea the figure was 0.07 g whereas we determined an average weight of 0.25
g for the mouse lungs and 0.03 g from the trachea.

All experiments were conducted at a room temperature of 21° C and a
relative humidity of 63%. As asrosol generator wa had available a well-known
ultragound atomiser which creates an aercsol slong the surface of the liquid
by means of & fooused barium titanate oscillator. As sound frequency we
golected 2.7 Mo, A oontinual 0p current of 2 1/min conduoted the relatively
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- hompgensou. aercecl into a glass spheres by means of a hose system, On top of o
this glass sphere we had a liebig cooler, such ag it 1s cuastomary in chemisirys ;
this cocler wes connectisd with a coniainer by mesns of a linse; smaller plastia i
bottles, containing the experiments) animels, were screwed to this container. -
The gless sphere, the liebig coocler, and the entirs conduit aystem wers used :
for the extensive screening of the aeroscls. B me~na of preliminary experi~ :
mente and contimzl asrosol measurements we wsre able to prove thst the drop- =

. let spectrum remsined roughly constant on the level of the oxperimente]l animsls
and in the arsa of the experimental chamber { roon/ during the entire series of
experiments. We had an aeroscl whwse largest psrticles bad a diemster of po
more then 1 mu, The most uwently found papticle sise was around 0.6 mu.

The particle density wee 10V pariicles per and the spray density was 1&5 ‘
methylers blua per ifter of asrosol. Wo atomized & 1.25% methylens biue o
solutien with & pH value of l,3. Essh experimental sorier wea repoated seversl

. tines with ten animals, exch time. mvnmsmmmmulua ‘
M h, mﬁnl:r, 5 series or experiments, . ‘
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Figure 1., lLegend: i—-parﬁclb nusber; b==particle sise.
 Brperimentsl Results

. The inveatigati.us by Finucisen, Stisve and others had shovn that
|+ particles of the order of nagriitude employsd here can pass into the lungs and’

penstrate into the alveoli. According to dsta presentsd by Dirnagl, the main
_ reasen for the deposit in the air passage, in the case of tho very {inegt

aerosols, is the molecular movement of Brown. Accordingly, sedimentation
plays only a subordinste role here. Furthermore, there is 8 close interrels-

tionship between the breathing frequency /rate/ and the retontinn, as Dirnagl
_ and Pichlmsier were sble to prove in humsn sublects.

. Wo were trying to find out what quantities of the finest aerosol pre-
sented here vere gctually conducted into the lungs and what percentige is.
‘precipitated already in the tracm tl: rolnttxi.y high mh::tug: '&'lmﬂ _

bebly be precipiteted slrecdy upper pass auso o -
mnmmm thmuym the mose. Bafore
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. we go any further we wight observe thut the resorption of msthylene bius .
through the respiratory tract ocan be overlooked when the experiment lests 2
ours, followed by killing snd immedi.‘'e section. Methylene bius could not

be established in eny of the cases inve. *igated here, not even ss a leucobase
in ths urine. ,

The breathing rate of a rat is around 120 breethg per minute. Hore the
enimals inhele 0.145 v of methylene blue with every cm’ of air inspired from
~ the surrounding breathing air. Concentration measurements witi: the spectrel

photometer enabled uz to establish only very smell quantities of methyiene blue
in the respirstory tract., In the trachea, which was cul off all the way to the

bifurcation, 11.2 ¢y of methylene blue had been precipitsted whereas only 10,7
of methylene blue werz vrescipitsted in the lung itself.

Golden hamsters hsve a bresthing rate of 160 breaths per minuis. In
this species of animal va were sble to establish only 6.7y 4n the trachss
end 3,6 y of methylene blue in the lungs. ‘

Toe breathing rate of mice is 210 breaths per minute. After 2 hruts
of experimentation we were sble to establish 5.4 y in the trachea and 2.Ly
of subgtence in the lung tissues. A comparison of the values for the various
animsls is quantitatively not infurmetive hers because the breathing rate and
the btreathing dynamics as well as the anatomic situation play a great role.

The series of experimente with rats, golden hamaters, snd mics clearly
show us that an incresse in the btreathing rate is sccompanied by & noticeable
decrease in the retention of methylene blue. In the rates, methylene blue was
deposited in the lung tissuez and in the trachea in still approximately e-~ual
weight proportions; ir the golden hamsters, however, the lung reveals only
slightly more than half of the volume of the tracheal precipitation. As the
precipitation continues to increzse -~ something that happens when mice ars
the experimental animals -- the deposited portion in the lungs contimes to
drop and amounts to no more than half of the volume that can be satablished
in the trachea.

The results presented here enable us to conclude that animals that
hreathe through the nose and that have a very high breathing frequency 'are
not very suitsble for investigetions of very fine seroscls whose droplet
spectrum extends up to 1 mu. A large portion of the substance volume offered
is either retained in the area of the nose and the throat or it is removed
from the lungs through expiration. Only half or 1/3 of ths precipitating
_ subgtsnce is separated in the lung tissues and here it will certainly pene-
trate all the vay to the alvecli. But this very small portiocu can, under
certain cironmstances, become very significant when we are Jealing with

pharmscologicel or toxic ssrosol.

© o the basis of these snimel experiments, wiieh-we tigo expanded to
other animal species, wo .ust unfortunately state that compirative investi-
gations ot the effecidvencss of ceroscls with different animel species %
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not make it possidle to make any comparisons. We-are-dealing. hisre,not only
¥ibh 3 differentiation of aerosol sorption in the various snimel species in
terns of quantity but pecsibly elso widh a preferred scrption of certein

aerosol fractions. This obvious difference is due not only to the physiological

condition of the respiratory psssages but also to the differing dreathing
mechandcs. _
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ON THE INHAJATION Or V.RY FINE AIROSOIS:
A COMPARATIVE STULY CON RMALL RODENTS

e o o e e o D H, Oldiges, Fraunhofer Insti-
pp 2-3 t:te for Aerobiology, Grafachaft
(:Ifrﬁcmr: K. Bisa’ Mo Do)

The as yst almost unknown physical and chemical effaects
of vary fine serosols on the biclogical and phyalological
funoctioning of the orgenism mke it seem adrisadle to devote
special attention to these suspended particies, The attempt
was mde in snimal experiments on rats, mice and golden ham-
sters to got & ganeral view of the quantitative uptaks of
very fine sarosols vf the squescus phase, By means of familiar
ultrasomioc atomizere and by insurting the appropriate sifiars
a oomparatively homogeneous aerosol was obtained for the in-
haiation experimenta: +the largest perticlee had a diameter
of not more than 1 , and the moct fyraquent prrticle size
w.. 0,6 . The aerosol density could bs variel correspond-
ingly. Thus one is dealing with particle sizes which are
designated as still capebls of ' Luetrating the lungs and vhich
ars percepitidly sabjeot to Brownian moleoulsr movement,

in chooging axperimental animals preferarce was glven
to rodents eince, as animalsg thot breathe through the nose,
in ths event of & rather long dumtion of the experiment --
and the resultant aging of the aercaols, they possess in this
orgen 8 nataral filter device which thoroughly prevents
coarser partiocles from penstruting the reapiratory truot, The
inhalates detectad in the %rachea and lung, consequently,
very probabdbly oconsist only of precipitates of the original
aerosol, Adopted as a tracer was Methylena Blue, & dye that
is non-injuriovs to and eagily tolersted dy the wganima, The
smount taisn up was gquantitatively emlyzed by means ol speo-
tral photometrio measuremsnis, geparataly for trachea and
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lung, It was posaible to relats the respiration rate and

respimtion volume of all three species of experimental ani-
malg, asoertained in parallel ervperiments, to the amount of
g the narosol abacr“bod
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