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RESEARCH PROGRAN PRESKNTATION

ATHOGPHERIC }ZCHANIEMS EFFZCTIVE IN SCAVENIING LEAD AEROSOLS

Cblective

The cbjective of this research progrsa 1s to describe in quantitative
terms the mechanisas which are important in the removal of lead sercscls
fran the stmosphers, to provide estimates of their effectivensss, and to
Telats these removal mechanisms to urben lsad ssroscl emissicas.

Dlacuseion

It 19 obvicus that the atmosphers bas varicus patural mechanisss which
act to cleanze it of {mpuritises, bLoth particulate and gasecus. If this were
not 80, canditicns long ago would have passed deyond tolarstle levels ca 8
vorld-vids scale. The varicus physicsl mechaniz=s active in the & re
for removing particulate paterials include: (1) settling or fallout, {2) refe-
out through condsnsation processss, (3) washout by droplet scrubding actioa,
and (8) Lzpaction oo 30l1d surfaces. These various mechaniscs bave been care-
fully studied in the past for various paterials and especially with reference
to muclear fallout from weapoas tests, To spply these principles to lead
sarceals will require first & considerstion of realistic aaroecl and &tmos-
pherie soviroomental fuctars. Thea calculstions can be made of the bebavior
of the load asrcecl for chosen stpospheric and topographic conditiocns. Irom
these calculations same realistic estizates can be mads of ths effectiveness
of the atacepheric rwmscval mechanisms for lead sarcecls.

Pasearch on atmoepherie scavenging sechaniss directly related to lsad
saroeals oAl bow be undertaXan vith scame dsgres of coafidence {n the applica-
bility azd usefulness of the result to urdan areas because of the knovledge
obtaired in previcus research by the Institute oo the size distributions of
the urtan lead seroscl.

It also soms quite likely that this research progran wvould be an
{nforeative progres, ¢aplsmentary to the vegetation deposition studles beling
doce by L.A, Ochuck et the University of Califorula, Riverside.

Previous research work by 0osaford Nesearch Institute ras indicated that
the urtan n'nospteric lead asroenl Mas u size dletritution which dces not
charge sartedly over o wide range of locaticns. A reyresentstive size dlstri-
Btion Ba) Deed shaam 10 bave 275 of tha pass sraller than 0.16  equivalent
dlazeter, 508 leta txxn 0.09 , ard 9% larger than 0,49 . This sizé dls-
trituticn appeass to ta gscerslly appliradls to & mmter of California, mide
weotern, 2o e2starn U0, wrian areas. It thar:lusv saeoa unnecessary at this
tize to orvar & vide rargs ol particulats sizs Atst-Urstions In any experi-
Ban’Al pirarnm deallng with vptar roesnal precesses, Novover, at sone fiture
ties the mmture of leat particulates In sore rencte Arsas @iy require conaliers
ation of & bromdsr maigs of site dletritutions,

As penticr o) before, settling fe one of the mechanimma which should be
consldered vhen atulsing the processes by vilch luad lsaves the atavsphere,
If the settling vere salely cuntrolled Uy grevitatlcnal and viscous effects

T we vould expect that particles would pess Lo the ground at the Dickes-
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Cunningtan settling velocity, which for & 0,25 particle is adout 0.001 ca/sec.
This very ssall settling velocity is often ignored in diffusion estimates of
atmoepheric concentratiocn becauss whether or not it is included pakes little
difTerence in the final calculation. However, thers is consideradle evidance
that the Btokes-Cunningban velocity is not the fuctar vhich sbhould be used to
sstimate the 1tion of submicron particles frca the atmospbere.

A.C. Chazberlalin defined and messured vhat be calls a velocity of deposi-
ticn; atmospheric &iffusica foreulas have been darived to incarporate this
facter, IFran these formulas, doviwind deposition sod concentration aacunts for
‘moderste dowvind ranges can be calculated based oo source conditicns, ssrcecl
charscteristics, and tha pature of the surface.

Chazterlain’s velocity of deposition cannct be celculated but xust be
dstamuined experivestally for different surfeces. Chanberlain has measured
the deposition velocity of urenius fize, 0.2 dlacater, aoto greas and ob=
tained & value of adbout 0.2 ca/sec. This i3 larger than the calculated ter-
ainal velocity by atleast 2 orders of ragnituls acd wculd be an {=portant
factor o be included 1n estizates of ateospheric deposition of this material,
Depoaiticn rates vers 2180 dependent on the nature of the surfuce, i.e., 8
€ress surface had a differect desositicn rute tran & flat filter paper. Tais
tmdh&dwmmumdwumwuwwm-uow.

Aercecls Ars Also nodifisd and scavenged from the atmoephers by cosguls-
tion, refnout, and washout processes. These processes bave been shown to be
trportant factors in dotermining the Atpospheric cycles of other saroscls such
a8 Julfates W muclsar debris, and 1t 18 expected tiat these procesaes cda
be shown to be effective in modifying and rexovicg urdan lead sarcscls fraa

the atnosphare,
Hethd of Approach

This research prograa vill be broken dowp into two gsoeral topics:
(1) oxparizeatal deternination of the dry depositicn charscteristics of lead
8s70s0ls Over the size rangss found in the atausphere, and (2) calculatica
of the theoretical officlency with which lead Aercecls Are reooved or scave
enged fram the atoospbers by other paturel mechanimas.

The first phase of the proposed research wald de directed tovard sxpere
taental deterniration of the velocity of depositian of wrtas ssroeals,

The experizental progras 1o dsternine the velocity of depositicn of urten
1oad sarceols will ba centersd arcund & sisple vind turnel, The lead ssrogol
coartant of this patural atooejbars in Menln Jurx will te used as the siarce
asaroeol, This 18 cotsitared to be prefersble to setiing up & special generse.
ticn aystea. Bince our available 4ata oo urban 1ead asrcsols indicals & gane
srally conslstent slze dlatribution, GAtA obtained on local asrceol craracterise
tice shomid Ve genarelly spplicadble to othar urtan areas,

Qwnberlain, A.C,, Traupnrt of farticles serces bruntary layers,
ﬁ;ﬁl;; 1132, Atmic Inergy Pesearch Estadlisremat, iarwell, fngland
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The wind tunnel exposure chazber vill be & 8 duct
about 30 inches on a side, located ca the roof of cne of the present duilde
inga. This vill protect the experiment from direct to local
Suat and exhaust acurces. The air intake will not be filltered, but vill cone
tain & flov sligrment sectiocn to restrict the degree of turbulence in ths flow
through the chasmber, .

The vorking section of the chazber will permit various typlcal surfsces
to De expoeed tO the Asrvecl strean undsr constant knowvn air flow coaditicos.
After a period of exposure the surfaces vill be analyred for deposited lsed.
Moasurements will alao be taksa of the total lesd concentretions and particle
size distritution. Fram tbese data the velocity of deposition will be calsue
1ated using Chazberlain's expressicat

%

b= (va) {¢)

wheret Vy 1s welocity of depositica
D 15 daposition rate per unit area
C 4s wvolims coocentration

The surfaces %o be studied will include smooth Millipare filter material,
grass, leaf type vegetation, rouch pavemast, and water. The gresa, vegetation,
ad pavecant zay tave to be simylated fyrom lov-lead matarials in order to be
able to detect the dspoeited leed adove 8 patural dackground. All of the &x-
parizants wvill Ye replicated & mumber of tines.

In the second phise of tALs resesrch Jrcersa the othsr nechanisms by
wvhich 1sad can Do recovel fran the atadosphere wvould be studled theoreticeally.
Our present knowledgs of the charscteristice of urtan lead sarcsols edxuld
allow the a;7licaticn of existing thecries of coagulation, vaahet, and rein-
oyt processes, The Alfference ia these 1atter tvo processes is that in washout
the particles beccms attachad to the precipitation during the falling process)
vtarras particles renoved by raincut have beoame part of the droplsts prior t0
the actual precipitatica.

Thare Tavs Lean & mueder of studies of wvashout processes. Por exsople,
CQmaderlainrag used langsulr'elcaleulations of efficlency of Lmpaction
and Best'shraindrop size Alstributiong to determine the rate of scarenging
of oncdisperse ssroecls, Creecfileld als0 studied tre prodlem asd
Prelertod/ tas consldered the specisl case of noo-vettadle particles, The

_above cited studles and othars of the sare type wimuld serve as o tasts for

estizating the sffects of wvashout m the rencral of lead particulates from
the atacepdere, Lo

H CQandarintn, A.C., Kepocts of travel and dapceition of sarceol Ad vepe
clonxls, Atimia Rnargy Pasearch Estabdlistment, Marwsll, AIXZ I0V/R L6},
Harvall, Irgland (1953).

langmtr, 1., The preduction of rain by & ohaln reaation in cusulus clowls
At tewperatures above freeting, J. Meteorcl. 3, 173 (19048),

“Past, A.C., Tha alse Alstridution of railndrops, Quart, J.Ray, Metearol,
Boo. T4, 16-% (1920).

Oresnfield, 0.M., Patn scavengling of redicactive particulate mtter fram
the atacsplare, J. Metearol. bk, 113.2% (3997),

Peabertca,C.8., Becavenging actica of rain on pom-wettabls particulate
patter suspenied in the atmcephers, Iteran. J. Alr Pollution, ), 1(8-78

(1960)
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1 © Thecretical and sxparinenta) studies of rainout bave besn mads. Baveral
4 of thess are deacribed by Jinge ! in his botk and it appears that such studies
; could be applied to the particulsr problem of lesad copounds. Coagulaticon

S and other possible mechanisms of serceol modification and removal wvould also

- be consideged.

In sddition to the survey of the litersture relating to thecry and experi-
ments oo serosol modification and resoval and the application of these warks
to atacepheric lead asrosols, it would be warthwhile checking calculatioos
against cbservations vhere possidls. Dustfall studies bave been made and same
Of these _have roasursd l1ead coepounds (e.g.,Johnson and Rossano's study in
Beattls 8 ), Attempts would be Bade in the prograa to check calculations wita
any cbservations which ars available in the literature, dut no eperimental
mosasurensst prograa is planned for this phass of research.

In the final repart vhich would be prepared at the cooclusion of this
progren the results of the research would be related o the atmospberic dis-
persal of urdan lsad sercecls.

S

COST ESTDXNATE

This research would provadly require about ooe year to casplete.

An spproxinate estisats of the costs of this research has been made,
] This estinate indicates that the cost of this research vould be approxi-

O mately $35,000.
This research could be degun early in 1967.

Elser Robinsco, Seniar Meteorologist
Departoect of Atacspheric Oclences
August 8, 1966 Stanford Research Institute
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