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PAPER NU. 2:> 

AEROSOL PARTICLE SIZE AS A FACTOR IN PULMONARY TOXICITY* 

R. F. l~iakn 
and 

O. G. Raabe 

Lo\'dacr..: Foundation for Medical Education amt Jkseard1 
Alburquc.·rquc, New Mexico 

.. lndc:cd, for a given magnitude of aunosphcrk exposure 
to a potentially toxic partklilat<..· contaminant, the 
resulting: hazard l.'311 range all the way from an insigni­
ficant level to one of great danger. depending upon the 
size of the inhaled partidcs 'ind other factors thnt dc­
r0tminc their fate i11 the respiratory system. ·· 
·mcodorc I latch and Paul Gross from the introduction 
In Pulmonan· _ Dc•JQsition '1nd Retention of Inhaled 
Aerosols, Acadcmk Press, N. Y. 1974, pg. 2. 

INTRODUCTION 

·nlC n:spiratory tract is both a portal of c:ntry and a t3rgct for cn­
vitonmc:ntal air pollutants. In an industrial society vast numbers of people 
are L'Xposcd occu1Jationally and more generally, environmentally, to a vari­
ety of Justs, fumes and othL'r <t(;rosols whh:h may prodUl.".(! Jung disease. 
Particufate toxk agents include asbestos, silica, metal fumes, infectious 
agents, add mists, fibrous glass, and in the nudcar industry, radioactive 
acro:;ols. Important considerations in assessing inhalation hazards include 
the biological status of the exposed individual and the chemical and physical 
characteristics of the aerosol. F~1ctors related to partidc size thar influ­
cn~e the toxicity of inhaled aerosols in humans include mass per particle, 
aerodynamic bchavi.or, rate of dissolution in the lung, efficiency of uptake 
by macrophages, and the ability of particles to penetrate biological membranes. 

*Research suppor~cd by the National Institute of Environmental I lcalth Sciences 
(NILllS) via AEC Contract AT (29-2)-1013 with Lovelace Fow1dation. 
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AEROSOl.S 

An ~11..:rosol is a n:fotivcly stable suspension of small. solid parti ... 
dt•s or liquid droplets in n gas.· 01lly a smooth, s1i1crkal partidc or 
droplet c;m l.x: ~onvenicmly desl"tibcJ h~· a miiqm: gc..'Omctrk· diameter. 
Si11~1..· a1..:ro:;;ols of :-:olids rarely '-·ousist of smooth, sai1crkal pa1•tidcs, 
1.·•m\ l.'.ntions for pankh.· diamders arc ddincd which arc usually based 
uptl!l aYailabk· measurement tcdmiqm . .-s. For L'Xamplc. the size of a par­
tkh: ma~ h:: 1.kscrib·~I in term:-. of its pro_je..:tcJ ari.:a diameter, some dc­
fin1..:d as tht: ~comctrk diamt:tc.:r of a drdc which has rhc same area as rhc 
two-dirm .. ·n:-:i::,nal mulin1.: of the particle lyin!! on a coilcction surface. Other 
""011\'1..·ntions for di..:s~ribing physical size can be basc.'ll on measurement~ of 
~~·mt..:n.:d light, ~urfac:: an.:a. d1.x.:trkal mobility or other physical or dicifi'"' 
kal ph..:nomcna. Ml'lhods for physk·al sizing: of aerosols hav(.' been discus­
sed ~>y l{aabl..." (l'l70) and tiy Mcr~~r (197:1). 

Because important inertial properties of pal*tidcs .. such as settlmg 
speed or abiHty to turn corners li1 a moving air stream, depend on fac!ors 
such as density mid sh<ipe in uddiiloi1 to physical size, it is often useful ro 
d;..;sctibi.: p~trticlcs in rctm5 ot' an ac.:roJ~*namk (equivalent) diameter. The 
al!'rodynamic (<c-quivail..!nt) diat1ictt;;"r \~hkh is usually used in inhaladon toxi­
cology is the g<.-"Ometric diameter of a spherical particle of Wllt density 
matl~rial ( P """ 1 gm. cm~) which has th<.: saine scttli.15 velodty (in still aft) 
<ls th<: particle being \.k.:scrib1..·d. Two llarticlcs having markedly different 
densities or shapes ma~ var~ considerably in physkai diameter hut have 
tiil: same aerodynamic diameter. 

For particle::.. larger than alx>Ut O. 5 mkromctcr (µrn) in physical 
JianwlL'r wht."rc inertial and gravitarional fr>rces dominah: particle motion, 
the aerodynamic diamctl i· l.'an be used to predict particle dc(X>sition In the 
rcspi rator~ tra~r. Below aixncl O. 5 ,.,m the partidc size is approachblg the 
mcan-irl'c-path iK·twccn collis~ons of air molecules, and diffusional forces 
tc..:nd tu ·.!~·minatL· tllL· particle m1)tion and the physical Jiamctcr of the par­
tidc correlates mon.: '"'·lusdy with acr(_~lynamic behavior, and should he 
u:-;c..:d when consi· '('ring pa rtidc motion. 

Since individual partid\ts in a given aerosol usually vary widely in 
size, statistical dcs~riptions arc often usc<l to describe aerosols. For 
example, aerosol size dist rihutions may be dcscrilx..>c.I by a mean &ilysical 
or aerodynamic diameter and the associated standard deviation (or by a 
median diamc?cr and g<..>omctric srnnJard deviation). 
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INllALED PAHTICl.L DEPOSITION ANJ> Cl~bAl{J\NCE 

Inhaled 11artidcs may deposit on the various ~utfa~cs of the rcspir• 
ato1·y u•a{'i. The Task Group on Lung Dyna_mks Pf the lntt:m.:itionaJ Com• 
mis~ion 01i Radiological Protection has proposed a gcncr•H modd us cf ul in 
\."stimating the pon.:ntial hazards associat<.,"lf with inhak'\J aerosols <Ta~k 
Group on Lung l~·namics. 1966). ·111i:-; model includes cstimaws of both 
rhc fractional deposition of hlflakxl particles wirh respect to aerodynamic 
,::;izc. m.d dearancc of dc1Josircd parr-lcli.::;.; from the rcspiracory trace with 
respect w deposition region ainl basic ·~Jartkic.: properties. ·nu: model 
dh-ides the n.~spiratot·"y tract into three rcgiou~ based u1JOn anatomicnJ f ca­
turcs and particle deposition and dcarance p.'l•.::nomcna. ·111c regions, 
called (a) the nasoplmrynx (NP>. (b) the trad1 ... -obr<>nchial region <TB) and 
(c) rhc puhTionary t>r 1>arenchymal region (P), arc referred win Figure I. 

. 0£PosITiON 

otveOli 
I ' - I sedt11enution 

P diffusion 
_________ P• __ renc_----~_'IN __ , __ interception 

cn•.MMct . 
tU:ktli•,.Y 
(111iflUteS) 
SMezing 
blO..ttig 

..Co-ciltary 
(hours. 1 Oftget"?) 
coi.gtttng 

solubtltzation 
phigocyte>Sis 
interstitial 
(t1o·1rs to YffrS) 

_PATHOLOGY ,_ -

iiiil•uon 
u1cM-•uon 
rjncer 

broftc:tio-sPiSii~ 
•true ti on cane er 

inf1•tton 
&eala 
Rphyseill 
fibrosis 
cane fl' 

Fig-urc 1. Compartmc.:mal model of the respiratory tract as used by the 
Task Group on Lung f)ynamics of the ICRP ()966) with the airways from 
flOS(' to larynx in the NP (nasophar~ngc:d) r~gion, the trachc-a anu ciliat~'C.I 
bronchi and brond1iolcs in :he (tr.ich·-'ObronchialJ region and the nonciJiatcd 
bronchioles, alvc.'Olar ducts, alvc..'<>lar sacs, atria and alV(..'Oli in the P 
(patcnchymal or pulmonary) region. ·111c rypcs of particle deposition, 
dcarancc and JX>tcnriul pathology arc summarizc...'ll for each. 
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A~HU. -TH.-7 ·1-12.~ 

·nu: na::;opimrynx (NP) begins at thL' antt.·rior narcs and includes the 
r •. :spiratory ah'\vay down lO the 11.:vcl of the larynx. Particle tlt:1xlsilion in 
this n.~gio11 is primarily limitu.I t1J the larger 1>arrich:s whose inertial pn>­
llCfrics cam;(· HnP:,tdion in th\.' nasiil 1>assagt.:s or entrapment by nasal hairs. 
Tw(1 patlnvay~. bmh having. a half-tilm.~ of 4 minuu:s. an: used by the Task 
Group w lk'Si..Tin\.' tht: ~karanl.'t.: of par•tides ,\'hid1 deposit in th~ NP com• 
pa nmcm. ·nH.: first dc;;'-Tibcs uptake of 1«.:la~ivdy soluble· material imo the 
blood. whik tlH .. : ~~'-·ond r1.:pr1 .. ::-;1....•nt::; ph~skal ...:karanl.'c l>y muco-dliar~ trans-
1xu·1 ro thl.'. throat for subscqul..'m swallowin!!. 

Exp'-'rin11.:ntal darn im.lkah..· that the anterior one-thirJ of the nose. 
When.: 80~ off µal panide5 deposit, dot:!-> liOt Ch.:i!l" C.:XCcpt h)' blowing, 
wipinµ oi" othL·r L''.\: dnsk mt:aris (Walsh, J tJ/0: Ptocwr, JY7 l) and cffc.cdvc 
r1..·moval of insolubh: particles may require one to two days. ·111c posterior 
1'>onions of the ilOS\.! luin: mucodllaty dearanL·e, with dc.:arath:c: half-times 
of iihout 6 ... / hotlt <Mnrrow. F>72). 

·n1c tracheob1"011d1ial tccion <TH) bcfilns at the lat'vnx mid includes 
~~ .,, "= ~ 

the trachea an<l die dliati.:d bro11chial air\\'avs down to and lrkluding: the 
H.:r:·iiaial btondHolcs. A t\dativdy small fraction of all sizes of p.'irtidcs 
wflh:h pass thtoligh the NP t'cgiun will 1..k:posit in the tradK"Obrom .. ·hlal region. 
·1lh.· mechanisms of irk:ttiai hnpaction at bifurcations, sedimentation and, 
for small partidcs, Brownian diffusion cause TB deposition. Interception 
Glll hl' an important deposition mechanism for fibrous dusts. In mouth 
btcathing of acro:mls, such as in dga rettc s11aoklng, the benefits of the col­
lection of larger partidi.:s in !he nose an: lost and these larger particles 
tend to dcp;sh In the TB rl!~on with high efficiency. An important charac­
teristic oi the TB region in the Task Group model is that this region is both 
dliatt.:J ·~nd equipped with mucous sccn.:ting dcmcnts so that dcarancc of 
di.:pnsit·.:d panicks rapidly o,xurs by muco-dliary action ro the throat for 
swaiiowtn!.!. Again, rdativdv soluble material mav enter the S\'stcmic ... ..., . .. . 
circulation. 

·nu.: rat<.: of n'lucous movc:mcnt is slowest in the finer airways and 
illLTcasc.s toward the tra~h~-a. Sinn.: partidcs depositing in the trachc.'0-
btonchial tr<.:c.: an.: probahly dist tibutci..1 difkn:ntly with respect to size, with 
smaller particles tc.:n<ling to deposit deeper in the lung, one expects larger 
panidc...:s 10 dear more qliickly. Clcan.uwc.· of material in the TB compart­
ment cannot be described hy a single rate. TB clearance half-times from 
cxpc:rimcntal studies imply tlim the larger airw«>'s, intermediate ainvays 
and finer ainvavs dear with halftimes of about o. 5 hours, 2. 5 hours and 
5 hours, rcspc~tivcly (Morrow, ct al •• 1967; Morrow, 1972). It is rc:la-­
tivcly certain that material with slow dissolution rat<.'S in the 'Ill compart­
ment will not persist for longer than about 24 hours in healthy hum:ms. ·1bc 
dctaifod nature of the mucociliary clearance mechanism has been recently 
reviewed by Schlesinger (1971>• 
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·nh: thfrd L'om1>.1nnh.mt. the pulmonary or parcnchymaJ region (I» 
rc1>n.•si.::m s the functional gas "-"xcl1angc :-;itcs of the lung. It includes rcspi­
rawry btondlioks. alvL"Olar Ju~ts, alv<.·ola1· sacs, atria, and alv~'Oli. For 
1Jartidcs to n:ach and lk·1>os. · in this n:gion they must penetrate the NP and 
TH n:gions on inspiratit)fl und .. :ithcr by SL'ttling or diffusion (.,~me into con- -
tact with pulmunar~ . .;urfi.h.;'-·s. SincL· a portion of cad1 breath remains un­
cxhaleJ, th'-· times a\·allabk• for dc1~>sition may be long for some JXJrticlcs. 
Smalk·t particles arc -=lf tlrimary importan~c in Jlulmonary d'-:position. 
Ckarancc from the puJmonaty region is nut ~omplcrnly unJerstood, but the 
Task Group suggest~ St:\'1.:ral 1116.:hanisms induding: (a) the dissolution of 
u:lath·cly sohihle material with absorption inw the systemic circulation, 
(b) direct passage of parcidcs into the blood. (c) phagocytosis of particles 
by macr:>phages with translocntion to tile:: ciliated ainvays and, (d) transfer 
of partidcs to the lymphatic system induding lymph nOdcs. 

-nic fate of partidcs deposited i11 the 11 coinpatniicntis strongly Jc~ 
pendent on the mechankal stability of tnc pardclcs. t>atdclcs that un_den!o_ 
significant Jissolution ill the fluids found ii1 the iiu~g may dl~~olvc Wfiilc 8~!Jl: 
\Vithi11 me air spaces, inside jj1agocyms ot While ifi interstitial spaces. ·~e 
·task Grou11 (1966) recotiui1cnded the use of three Clearance half-times bf 
30 rninutes, 90 Javs anJ :360 davs for rcadiiv, ifitcrmc..'(]iatelv and minimaiiv 

"~-~~ ·- soluolc n1atcrials; tcspc~dveiy. An 01nltwd factor_ in tiiis_ clear~ncc modei 
~~ _ · - -i't>articlc siZc (the iatc of dtssoltidon of a material In olological fluids 

';> --- re~t}g dependent on the available surface area of partidcs). At the present 
' ".. t!m~ deat~incc rates for the deep lung for humans are not known for many 

marcriaJs and the rates rccommcn.dcd by the 'rask Group provide a useflil 
1:-rukk in the absence of detailed information. 

·me rclati\'l.: deposition of inhaled partidcs of various aerodynamic 
JiamcH:rs as suggested by the Task Group for a niodctate level of respi­
ratory effort is shown in F igurc 2. 'J11c total dcpositiOn and i-fic fractional 
deposition in individual compartments arc shown. The minimum total de­
position at about o . .5 µm occurs since :'larticlcs of this size arc not strongly 
influenced by either inertial ot diffusional fore cs. 
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Of 10 IOO 
AERODYNAMIC DIAMETEfi < midofl) 

1: igm~~ 2. 'Ilic <lcpositid11 fract ioll of inhaicu aerosols of \'a nous individual 
pafiidc sizes With tcspect M aci"odyrtanik dlatnctcr (µill) hi tile modeled 
regions of the hti111ah i·cs1}irawry tract (assmhirig a respiratory rate of i5 
per- minute and a tidal volume of 1430 c111==) as recommended b)· llie Task 
Group rni I .ung Dy1li.1111ks of the iCi~P (}966). 

TOXICITY ,\ND PARTICLE SIZE 

l'a rtidc size influences the: toxidty of inhaled aerosols for a variety 
of reasons: (a) particle size afk~ts tht: mass pct particle and might there­
fore be: cxpectc't..! to afft..-..:1 pot<..:mial for hazard: (b) as described, rhc site of 
d<:position within the respi mtory t ra..:t as wdl as the clearance parwrn is. 
tu a gn:ar extent, influl.!nced by aerodynamic size; (c) smaller particles 
have knrer surfacc-to•m:.tss rarios and tlwn:forc arc more active with 
n::spc:ct tc> chc1i1kal or phy.skal interaction and rate of dissolurion: (d) rate 
of phago~ytk uptake may v,u·y with partidl' size: and (e) partidc size may 
influence the: pcnc:t ration of 1xirtides through mcmbram:~ of the lWlg. 

Ca> Particl_c Mass 

·111c total mass of material deposited in the rcspinuory tract 
is usually iniportant in dctcrlllinin~ the 1xncntial toxicity for an inhaled 
aerosol. I fence, rhc deposition of a few part:idcs that have a large mass 
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per partidc rnav be nwrc im1x>rtant than the deposition of numerous partides 
t11at arc • i.ldt :-;nmll in mass. This fact Is pait:kularly- rcfovaut l>L~usc t!1c 
inass p· , 1 .irticlc for aerosols iii the tcspirablc size range can vary cwct 
many 01 ~-' rs of magiiitude:. For example, since the mass of a spherical par~ 
t.de is ptuportionaJ to the t"Ube of the goomL:dic diarneter, 1000 particles of 
o. I µm Jiamch.:r must be lh:posircd in the lung to equal the mass burden from 
the \.k·1xl::;iti·"fl of bw a single I µm di<Hnctcr parrick. 

Whcll p.1rtk'ks of dUft·tcnt indfridual masses are deposited in 
th1..· n.·spiratnry tra"-~t. the 1w111hcr ot' (·ells which ca<Zh dirccrly affects may 
, .. 11. siµiiificantJy wid1 1\:spect to n1ass per particle (depending upon the medl• 
ani:-:"' and range of iufiuc:ncc). A !!'lvc11 amount of mass deposited in the res• 
pi r.1 · ,. . · ra(:t may be disrributc.::J amonV, numcr<1Us small partides or among 
LC'·.'. I J • gC partiCfcS tlnJ the Cff CCt 00 (l\·cralJ tOXidty Of thCSC diffen.=:nt _Sit~ 
w , "'-· 1 ;my not f><.: te.idi.ly apparent. l~hcse considerations arc proootily J_ess 
linl1oiranr fot rapidly 1.ll ~solvctUtiaterial iliat is in rhe pa ftic~ate state only-a· 
bficf rime, arid i1it>st lihpcttaiit for-n1atcriai that is resistant to dissoiutiorrm: 
the iung. 

·1i~c case <.lf rclativciy .l_nso!uhic radfoact~ve partltiics o,t aiplla 
c~nitdng rilatcrials dc11os1rcd hi the pul~,1onary region .provides a timely ex·- _ 
a~1plc. Shice tlic niajo1• Jltc-cr effect oi ffic particles on the surrounding- cells 
-rehires to tlie alpha ciniss!ons, eath aerosol partkic irradiates a small sur• 
rounding voiun1c of the lung. it ~an Be argued that a given mass hurdcn iii tile 
lung dist:dhutcd t~niohg a fow massive part.Ides is less cardnogenic becau~e 
the nun11Y.:t of cclls at risk is limited and those that ate irrddiatcd mav In fact. 
be over-irradiated and in effect sterilized, preventing development of .ne<>pfasla• 
On the other ham..f; it can 31so ·oe atgucxl that rnc dlstrlbutirni of the Jung burden 
in larger particles is more haz.itdous ~atise of the large local radiation doses 
rcccivc·d by cell' ~urroundiilg the particles, and It i~ ..:ss hazardous to have 
smaller radiath11a Jns,:s whkll ate associated with smaller partidcs (even 
though mor1- cells arL irradiatclH. ·nlis so-called "hot particle·' question 
bears on the c11vironmc11taJ ln11Jcict of a nticfoar tcchnolat:,T)' and is currently 
being studied by many investigators. 

. (b) Acrodynan1ic Propcnic~ 

Types of solid particles that can be identified with respect to 
their shape and concomitant actodynm11ic character indudc: -relatively glob• 
war particles that tend to approximate sPflctical shapes; plate-like or flat 
particles; long, thin particles or fibers; and dusters or agglomerates of par­
ticles. F ot relatively spherical particles of a given acrodynamiC diameter, 
h~ghcr density particles have lower total mass. I follow, or-spongy partidcs 
of a homogcnc.'Ous material will therefore have more mass per particle for a 
given acrodyn~.nic size. Differences in toxicity with respect to panide 
density have not. lx..'Cn demonstrated. 
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! .um!. thin filJL·rs hav1..· at.·rodynamk diamch:r:;.\ nearly indc.:• 
pendent of thdr k1;~th up tn .l knµth-to-diarm:fL'r ratio of about 20 (Tinibrdl; 
li.J-;'2: ;\kn.:..:r. f 97:.H. 1'(1!' ihls n:~ISOll asbc.:SlUS fib1..•rs ~ontaitling \.'.Oi18idc.:rabk 
mass i.:an bd1~1VI...'. lik1._· :-;m;11t .. ·t· parti ;t:s avtodynamh:ally and pc11ctrate dc.:t:pJy 
into thl· lun:!. '!lli:-; 1..·if-.'-: 1:-; 1..·mpha:-:izul by tht-· tmrny l.'asl·s of pulmonary 
asbestos!:-; from th1..· a:-'b~··:In~ iadustry. 

:\ panh.:t11.1rly intl...'.l"!...'.Sting: <Wrosol in industrial toxh:olo~'}', thl: 
nh.:tal funk:. ~·( ··~:: i..;;:~ nt .;hain-likl· HgF.lolllt.~raks of partidL:~ smalkr than 
O. I µni <ri~u!·1.: :~). E.,1n·11H.: toxidty is known to ill· a:,;:->odatc:d wirh tht: in­
!mlatitin of m~rnl r't!l~1;.:s. This may b1.: Jui: to the n:lativdy laq.~L· 5Urfac<.: 

a1\:a assc\._·iatcd wi1h a µ:iV;..'.11 mass of fumL" aL"rosoJ. Th(; :ll:rodynamk <lrag 
on th\; hrgc surfa\.."'-:s of fame partides <lllow~ th\._·m to follow airstrcams and 
c::s~apL" innxu:tion in the :-\P and TB comparltiK·nts. .\s in the case.: of thl.! 
asb~stos fibcts. t!H.: ability of metal fume partidt.:s to (X:ndntt<..· tu the deep 
lung lllidoubtcdly contdbutes tO thdt hazard. 

Two t:atcgorh.:s of ioxk partkuline materials can Be identified 
\vith i•esped to thcchanism of toxicity. ~iatl.!rials snch as asbestos and quartz 
that ate lhiiardolis as solid pati.ldes. a11pe<1i" to h~iVL' toxk shape or surface 
chatactcri~tics. Pncumm.'.Onios{;s in ~cncraJ an: caused by the presence of 
1macr particles. Othi::r matl:tials like: Po and Mn probnbly require dissolution, 
or at kast some: forrtl of transfotmation from ~he original partide. in order 
io be tuxk (I latch and Gross, J 96-4). Fol" lxJth cat1._~gorics uf particulate mate­
rials thc: spedfic surface, or surfa<.:e-ro•mass 1•a1io, affects their toxicit-v. 
·nH.: surfacc•to-mass ratio for smooth sph .... ·rkal partid1.:s i:-: equal to 6;P°D, 
whet\: P is the physical dL:nsh~ and IJ the geomcr1ic diameter. One mictomctcr 
Ji.:1mct<:1· unit dl·n~it~ partide5 have a spcdfk surface.: of 6 m2 g, while O. Oi µm 
particles ha\'i.: an at\:a of (100 m; ~· ·nw im:n:as1.:J toxkity of finely dividc..'d 
silica, discussed hy I latch and Gross <I 96.J), aplJL'ars to rdatc to increased 
surfac:.: an.:,~. Thl.' 1rn.:chanism for toxicity appears to involve a tissue reaction 
to the: pa rtick- surface. 

:\ modd for dissolution of partides in th<: P compartment that 
correlates well with expcrimcntal data on dL'L:p Jung dcar~mcc has bCcn pro­
posed by Mcn.·1.:r (196i ). ·111c.: modd assume~ a rate.: of dissolution that is 
proportional t•> tl1L.' avaiJablc i'iUrfacc a i"ca of tlu: particles. · For matctials 
that arc toxk when dissolved, incn:ascd surfan: area lends to enhance tox-

_idty. ·n1c dissoJution of silver partidc:s (mass mc:Jian diameter-= O. 04 µm) 
in various aqu(·ous rm:Jia indkarcs that even a so-culled "insoluble" material 
can widcrgo rapid dissolution wlwn in a finely divhfod statL' (i'igun.' 4). 
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Figure :3. Electron micrograph <Jf a sample of a n1ctal-fume aerosol. The 
small, spherical primary particles, sllvcr in this case, duster to form 
branchc-d chain •like agglomcnitcs. Such agglomerates have large sUrfacc­
to-mass ratios, can remain suspcndc.i..l in air for. long periods (due to viscous 
drag) and can unJcrgo rapid dissolution in the body. From Phalen (1972). 
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THE DISSObUTION CW SILVER PARTICLES 
IN VARIOUS SOLVENTS 

0.8 

0.6. 

0.2 _..,, ...--- ~ 

water ---- -- -- -- - --- -· 

0 
0 20 40 60 80 100 120 

MINUTES 

Figure -1. Dissolution of mcrnllk silver f>articles (count mc<.!ian diameter= 
o. 03 "'m) in various aqueous media given as ~gm dissolved per cm~ of par­
ddc surface for various times tip to 120 minutes. Gamble's interstitial fluid 
rc-cipe with anu \Vithout protein (bovine albmhin) and dis1 _: ~ .... I water were used. 
·n1c in~rcascd rate of dissolution with pn..1tcin present is pr01 ... 1bly due to the 
binding of silver ions to proteins. ·111c silver particles used in this study are 
Shown in Figure 3. Froni PhaJcn (19i2). 
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On the basis of the dissolution rate found in the protc.1n containing fluid, 
Mctcc1•'s n1odcl predicts that these silver partidcs showd csscncially com­
pletely dissolve In the lung in about 48 hours (Phalen, 1972). Systemic tox• 
icunts can b~ cxpec:tc<l robe more rapidly dissolved and hence more hazardous 
\Vhc11 deposited in the lung as small particles. 

(d) Other Size Dc~ndc:mt Factors 

Aside from the influence of particle size on magnitude and dis­
tributiOn of dose, deposition pattern and dissolution tatc, there are other size­
rclatcd factors that may Bear on toXi.City. An oprin1&~ particle size of 1. 5 Jiil1 
for cffic!ent uptake o' p0ly3_tyreilc sPbcrcs by tnacrophages was suggested by 
Holma (1967). Holma (1967) gave an upper limit of 8 µID diameter for phago­
\!ytic uptake. 'Il1e question of relative efficiency of uptake by inacrophage8 
of the lung for partides in ilie resplrable si.Zc range (aoout 0.01to10 µm) is 
worth}' of furtli~r investigation. 

The perm~bilify of alveolar membranes co .bare particles Ha~ 
bee!} reported by ·cross and EstrfoR (193~) and more recently by Tooker et ~· 
(1973). in the earliet- sttidy rats were given sma1i caihon partkles (<O. 2 J,iifi) 
by int.ratracheal injection. Nineteen hours later th~ partlcles were foilfid ex'"' 
traccllularly in interstitial spaces; considered by tile atidiors to be proof _of 
membrane peficttatioit by bare particles. In Tucker's eXf)eriments camune 
particles tanging fto1n aoout 5 ;im oown to below o. os i&l11 m diameter \;ere 
hiliaied b\' rats. At 3 hours pest inhalation, microscoPic CX.amirultion revealed 
''sn1all aggregates,. up to cell size'' m the extracellular interstitial spaces •. 
Patticwatc material in the ifitcrstitium wowd prcsi.unably either remain, dis• 
solVc, undergo transport to Jym{lhatic or blOOd Ycsscls or return to the re5-
piratory airway. lltc presence of interstitial foreign material tor prolonged 
periods may lead to lung diseases. ·111c role of particle size in membrane 
penetration is not ycr well understood. 

51JMMAR'i' 

'Jbc particle size distribution ui inhaled aerosols is a factor in pul­
monary toXicity for several r~1soos. Among those discussed are the relation -
ship between particle size .:md amount of toxic agent per particle, the influence 
of aerodynamic and real siZc oo the regional deposition within vari6Us anatom­
ical regions of the respiratory tract and the effect of both deposition site and 
particle siZc ~ se on clearance kinetics. The role Of particle size in the 
assessment o~YrronmenUil hazards is one that is increasingly being realiZed 
as important. 

363 



_- -~-_;::_ --

AMRL-1'R-i4•125 

ACKNOWLEOOEM~ts 

The authors are indebted to Ors. Re K. jones, R. G. Cuddihy and 
F. F. Hahn for beneficial advice ifi the preparation of this paper. 

REFERENCES 

Gross, P. and M. Westrick, ... lbc Permeability of Lung Parenchyma to 
Particulate Matter, .. Am. _J. of Patfiol., 3o:l95-213, 1954. 

llatch, t. E. and P. Gross, Pulmonarv_JJensition and_Retention of lfihaled 
Aerosol_s, Academic Press, New Yor( 19 4. 

i lol!fia, _B., ··Lung_ deatance of Mooo•a11d Di·~sperse Aerosols OOt·..;rmmed' 
by P~file $c@n~g ;iftd Wliole4'.Booy ,CQunfing, •• Acm_Medica_;SCiiitd, 
supplement 4i3, l967i 

-~ter~_er _T._Pf_!_, _Ae1·o~ql Iedin91pgyln-Hazara-Evaiuatioo, Acad¢mic Pres~,, 
New York, l 9i3, -~ 66•290r · - - -

Mercer, ·r. T., 0 0rt the- Role of Particle SiZe ifi the bissc>lution of Lting 
Burdens, ·• H_ea.itn. ffiv_s., i3 :1211-1221; i 967. 

Morrow, r. E. , F. R. Gibb and K. M. Gaiioglu, "A Sttldy of Particulate 
Clearance from the lhinlan Lwigs, ··Am. Rev. Resp. _oo., 96:1209•i221, 
1967. 

l\torrow, P. E., 1Jlc0r~dcal ~nd- EX . sitioo 
and Rcteqtion in , an, Diversity o 
New ~'otk, 1972. 

Phalen, R. F., .. Evaluation of an Exploded-Wire A~rosol Generator for Use 
in t.1halation Studies,·· Aerosol Sci., 3:395-406, 1972. 

Proc!or, D. F. and D. Swift, "1be Nose-A Defence Against the Atmospheric 
Environment, •· Inhaled Particles lll V. 1 (Walton, W. H. , editor), Unwirt 
Brothers Limited, surrey, FilgJand, 1971 pp. 59·70. 

Raabe, O. G. , "Generation and ~;:racterization of Aerosols, •• lnhalatiCJll 
carclilogenesiS, <Himna, M. G. , Jr. , P. Nettescheim and J. R. dll&;rt, 
editors), CDNF -691001, U .. s. Atomic Energy Commission, Dvision of 
Technical lnfor~nation, 1970, pP. 123-172. 

i.-- ~~~~ ~ ~---

=--~-- --=--= -_ -

: ~ 

; l 



AMRi .-TR-7-1-125 

Schlesinger, H.. B. , "Mucociliary Interaction in the Tracheo;,ronchial Tree 
and Environmental Pollution,·· Bio. Sd •• 2:J:567 -57:J, 19i3. 

Task Group on Lung l~11amks, "l~position and Retention Models for 
lntc111al l.l>simctry of the I luman Respiratory Tract, .. I lealth Phys., 
12: 173-208, 1966. 

Timbrell, V., "An Aerosol Spectrometer anu Its Applications, .. Assessment 
of Airborne Particles. rr. T. Mercer, P. E. Morrow and W. St8£r, editors), 
dtarlcs c. "l11omas, Springfield, Ill., 1972, pP. 290•330. 

Tucker, A. D •• j. H. Wyatt and D. Undcry, 0 dcarancc of Inhaled Particles 
From Ah·c.>oli hy Normal Interstitial lJrainagc Pathways," j. AQPI. Physiol., 
:35:719-7:32, 19i3. 

Walsh, P. j., .. Radiatioo l.k>sc to the Respiratory Trtlto:t of Uranium Miners -
A lk\•ic\v of tfie Lircraturc, ·· t:nviton. Res., 3!14~36, 1970. 

365f~l 

-"' -- --*--==- -- ~-="--------= 




