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ABSTRACT .

This report revieWs;critical aepects of k—ray indueed x-ray fluores-
cence analysis that should be considered‘for quantitative elemental analysis
of suspended air particulate matter. Included are considerations'whieh influ-
ence seneitivity_and precision in x-ray fluorescence énalysis using_semi—

. conductor detector spectrometers. The analytieal capabilities of speetrometers
'empleyed during theéefstudies will be illnstrated, Also, a method-employed

to compensate for particle size effects when analyzing for lower atomic

number elements is discussed.

-

“This report was'prepered as partial fulfillment of an agreement with the.
Rockwell,International _Scienee Center, Thousand Oaks} Calif., te participate
in Phase II bf;the_éalifornia.Aerosol Charaeterization Experiment during'l973—
1974. This program was spensored by the'Celifornia'Air Resources Bdard; In

- addition to this report,:approxinately 5§O'timevreleted aerosol specimens were
anelyzed bylx—ray fluoreécencel The progrem maneger has been supported in
.analyeis and interpretation of the'data obtained during theﬁetudy. Work per;

formed under the auspices of the U. s. Atomic Energy Commission.
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. INTRODUCTION
The analytical teéhnique X-ray induced x-ray fluorescence analysis

(XRF) has become a widely aécepted instiumental method applicable for the

;.
-

eleméntal analysis_of'air'particuléte matter collected on filter'or»impactpr

- media. Both.energy and wavelength'dispénsive X-ray spectrometers have been |
employed at various laboratories to perform elemental ,analysis of aerosols.

We will limiﬁfour'discussion fo theruse ofAenergy dispensivg methodé, since
they Qere the methods employed during the ACHEX prdgrams (Ae%osol Cﬁaracter—
ization'Experiments).éponsored by thé Califérnia Air‘Resourcés;Board. Th?
analytical technique XRF is non—déstructive and is”illusfrated in Figure 1.
Exciting'radiation érovided by an xFray_tube qr-radioisotope source, either
directl&‘or indirect1y, impinges upon a specimen. A fraction of the photons(
.ifzof sufficient energy, produce vacancies in the inner atomic shells of

. atoms withinlﬁhe specimen,Awhich;ih'turn.can émit chafacteristic X~rays when
transitions occur to fili thé vacanéies. In:additiop td these.intéractions}

a portion of the‘egéiting ;adiatién is scattered either coherehtlyhdr incoherently
and, in turn, érbduces»x—réy'spec#rum backérdund. The x-rayé‘are deteéted'by-
a semicohductor detgctor and'are s?rted by their energies. The elemental
concentrétions are determined from the intensities of the individual character-

istic x-rays.

*:V‘
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' SENSITIVITY FACTORS

The main conditioné that determine sensitivities attainable are
the x-ray peak intensities and their ratios tb.the backérodhd.i Sénsitivities
areuinflueﬁced.by (i)-selectién‘of the excitation radiation, (2) the total
system geomeFry, (3)Vthe characteristics of the séectrometer employed, and

(4) the choice of the substrate used to collect the aerosol specimen.
. \ :

Seleétion of the Excifation'Radiation

"Although r;dioisétope sources have begn empldyea to.provide'the
é#citing radiation for ahélysés of suspended air particulates collecteéd
on filter media, " “ fhe uée of x-ray tﬁbes directly or indirectly with
secéndary targets is-preferabig, since much higher intensity x-ray beams.
(typically sevéral oréérs.of mégﬁitude) are,obtainéd? Hence, highe; .
sensitivities can be achieved by employing x—iay tubes; The use of fadioisotope
sources does have .a slight advanﬁageAby'pfojiding eséeptially constant x-ray
outpﬁt._ fhé output from x—réy'tubes are qften easily regﬁlated to better-
than i% stabiiity over a perioa of 8 hours'or more. This stability;is more  
than Sufficient.for analyses of aerosol épéciméns.

For analyseS'of Suspended air parficulaté mafter collected on tyéidal
filter media or impactor films, tﬁé-intensity offthe scattered k-rays.is
usually quite;farge éompared with?phat of the characteristic x-rays. vSince
qonventional X-ray tubes yield a continuum of éuch intérfering scattered raé—
iation,when émbléyed.directly té provide the exciting radiation:(i.é., the
scattered rédiafion is of the same enérgy as the characteristic x-rays), mono- -

chromatic exciting,radiatiOn is. used. Figure_2 illustrates the spectral oufput

one can expect from-avédnvéntional W anode x-ray tube operated at a
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potential of-401KV;’:Near monochrOmaiic exciting radia;idn has been

_obtainéd by employiﬁg cﬁafaétefistic x—ray‘tﬁbes.4 ‘Figure 3 ‘shows

- the spectrél output obtained from a low powér (~ 20 watts) Mo
trahsgission-x—fay tqbevoperaﬁed at a potentiél of 42 KV. (The combined
 thickness of the anode.plus the»window wés .01l0 cm). Comparable exciting
radiation can be attaiﬁedrby filtering the'output from a convenﬁional x—réy
”tubef Monochromatic exciting radiation caﬁfbe obtaiﬁed by employing x-ray tubes
‘'with éecbndary targets.s- Figures 4—7.illustra£e the techniques employed to
provide the éxciting fadiation dﬁring theése studies, Tﬁey'are discussed

in aetail in fhe appendix.’ Thé use of mbnoch;omaﬁic.exciting-radiation
simplifies the calibration procedures wh#ch‘afe discussed_in the section

regarding calibration methods.

NOTE: A comparison of relative sensitivities attainable for two separate

systems employing equal éounting periods may be expressed:»-

' Sensitivity & _ .hPeak/Background) A (Peak intensity) A

e s © 7 4 (Peak/Back : 3
Sensitivity B ‘l( éa /Background) B (Peak 1nten51ty)_ B

)

wherevéhe meésﬁred'x—féy peak intensity =.''(1ir;e—.backgn":ound). Fprvexample,
a redﬁction'invthe.peék/ﬁackground ratio va; féctor'of 500, éccompained by
a redhctién.in tﬁé-relative!x4ray intensity by a factor of 10, will’imprové
sensitivities attaiﬁabie.by a factor of 7;07,;(v§65716'=_7.o?). Thus, .
'althouéh a moaification of the priﬁary-radiatipn saérifices k—ray peék
intensity, the accohpaﬁying enhéncemént-of the x—réy peak/badkgroundv

ratios often makes these measures advisable.
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. The selection of.the exciting rediation energy is strongly influenced
by the range of'elements to befetUAied.A-Optimum seneitivity is achieved by
employing an excitation'radiation of energy slightiy greater than the K or L
abscfbtion edge energies of the elements to be dnalyzed, but of sufficient
:energy_that the incoherently écateefed radiationvdoes not produce significant
overlabping packgréund. Table I'lises x-;ay photoelectric cross sections (the
,ability to produce inher atomic shell vacancies) for selected elements for
AgLo, NiKo, and MoKa x-faye. These data were obtained frem'tables cempiled
- by McMaster, eﬁ_ 32:6 . As shown, Aglo x-rays are over 100 times’ﬁore efficient:
than MoKo. x-rays for:prodﬁcing photoelectriclinteractions Qith'the elementS'
Al - Cl. Likewise, NiKy x-rayé:are appro%imately 10 times more efficient
than MOK& x-rays for producingvphotoelectric interactions with the elements
Al 3 Fe. These examples clearly illustrate that sensitivities attainabie
are strongly influenced by the selection ef exciting radiation energy.
Consequenfly, excitatien radiation.of_more than one energy is employed when
analyzing for a broad rahge'offelements.

Although the flubfescent,yield Values (ehe fraction of x—raye‘actually
emiﬁted whenvtransitiens'occur to fiil inner atomic shell vacancies) are not
}nfluenced by e%perimehtal'cqnditions,.the.values affeet relative sensitivities

attainable. Figure 8 is a plot of K and L fluorescent yieldvvaites

IIT
A . ‘ 7.8 - ' P
obtained from the llterature."8 As shown, the fluorescent yield value of

Al (0.036) and Fe (O.35)Idiffer>by an order of magnitude as there is a rapid

decrease in fluorescent yield values for the lower atomic number elements.
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Geometry Considerations

: A.It is important thag the excitation-specimen-detector geometry'be

-designed for‘maximum practical efficiency, so that a.large'number of counts
can bé/aéquired in a short ﬁime. ‘The ovérall geometrical efficiencyiéhown in
Figure 4 is appféximatély .002 fthe phéténvinténsity_reachihg the detector
divided by the pﬁoton intensity‘gmittéd*by.the x-ray tube, bresuming the specimen.
to be a perfecf'diffusevreflector). Althoﬁgh highér'geometrical efficiencies
can be realizéd by usiné'fadioisotope;sourées,_the increase in efficiepcy>does
not coﬁbénéété for the large difference in the photén outpﬁt obtained from:
-x-ray:tubes, compared to the output from the typical radioisgﬁope soufces employed.

For.méstianalyses, the intehsity‘of the scatterea‘x—iays is usually
quite large compared with;that of the characﬁeristic .x—réys_from the elementé
in the collected aeroéol Specimeh; hence, it is desirable that the energy loss
by the'incoherent (Comptdn) scattering précessAbe é ﬁinimum.‘,Figure 9 éhows
pléts for the énergy of the scattered-radiation versus the eﬁerqy of the exciting
radiation for“9Q and 180o Comptbn scatteiing: As shown, the energy loss by the
Compton scattering process increases with énergy and'with_the_éngle of scattering.

»Sincé the mass'éf the substrates‘used to collect the aerosol is ﬁsualiy
éuité large, cbmpared'with the mass loadings, mogt 6f the scattering is from the
gubstrate; The intensity:of the scattered radiation iﬁcreaséé with excitation
radiatién.energy reiative:to,the-ihtensity for a'characterisfic x-ray from
any given gleméﬁt.per unit conéeﬁtratioh; This is due to the fact that the
i écatterihg cfoés'secﬁioﬁ ~forbthé'substraté_iﬁéreases relative to fhglphotOh
elect#ic inferactichs produced as the energy ofbtﬁe‘exéitation ?adiation éélected

increases. Figure 10 shows a plot of the fraction of the excitation radiation
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scattered with respect to the total absorbed,‘usinq carbon as the scattering
matrix, and, presuming absorption effects are negligible for the scattering

matrix.

Spectrometer Characteristics

Progress in the electronic design of semieonduetor detector

spectrometers over tﬁe past:five-years'by Goulding, et 2£.9—1l has
drastically imbroved the performance andISensitivitf capaﬁilities ef
semiconductor detecto;s; included in these advancements was»the develop—‘

‘ment ef guard-ring and guard-ring reiect'deteetors which significantly

'redueed the'x—ray spectfum background due te thevloss of ionization signals

‘in the detector. These evenﬁs arise pfiﬁcipally from high energy scattered
exciting radiation which impinges upon the detecﬁor:near the periphery of

the sensitive region. (Goulding'and Jaklevicl% give a detailed description

of processes thch produce x—ray.spectrum background). Comparéble sensitivities
. can be qbtained usinq standard type defectors by collimatihg down a large ‘
area detectof to essentially eliminate the detection of e&enfs.near the
periphery of the sensitive region. " Using ehis procedure; one obtains some-
what poorer resOlutionbdue to the higher capaeitanee of the. larger area
Hetectofr Resolution éffects sensitivities aftainablesand the abilityvto
‘resolve x—rsy'sighals of eomparable energies; fotal system resolutions'of

225 eV or better at 5.9 KeV are eommonplace and more'then suffieient for -

'host ahalyses. Count rate limitations, typically around 10,000 counts/sec,
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are seldom approached with most aerosol specimens. However, analyses

are performed over pre-set live times to compensate for system dead times.

Seleétion of the éubstréte

| . The contenfs, mass, and the type Of léadings (surface vs. non-surface)
of the substrate eﬁployed to collect tHe aerbsol_specimeﬂ very muéh afféct
_ éensitivities attainable. A.desirablé subsffaté.should be composed entirely
of.ibw Z eleménts (C,H;ﬁ,o) and not confain ény impufities»which give ri;é
to x?rays of énergies similar to tﬁose whiéh are to be emploYed for analyses.
' Table IT lists the céncentrationé of impﬁritiesvaund in col}ection media employed
during Phase.II of fhe ACHEX program. As shown, the glass fiber filters coh—
tained'substantial amoﬁnts of impurities. - The high le&elS'of_the impﬁrities
not only produce background, bﬁt also require the x—réy tube to béuOPératéd
at lower curiénts, due to thé high intensities of #—ia§ lines from the fiifer
impurities. Congequently, the concentrations of only several elements
(Pb, ﬁr, and in some cases Fe) were determined for aerosols collected
using glass‘fibgr'filtgrs. ~Due to thg high levels of Zn iﬁ the stiqky‘poly—
ethylene used for the particle cplléctions on the.Lundgren impactor stages,
Zn determinations Were‘not made. The mass of the substrate used to éﬁllecﬁ
‘the aerosol affects sensitivities éttainable, since-ﬁﬁe x—;ayrépectfum-baék—
grouhd from the séattered éxcitihg.radiatioh Qaries, in most cases,
proportionally‘With the substrate mass. ;Thus; an increaée in substrate mass
by a factor of 2-woﬁ1d lower senSitivities'attéinable.by 40%, neglecfiné
the contribuéion'of air scattering. When very low mass (™~ 1 mg/cmzj substrates
afe employed, the contributidn,éf the air (if present) to tﬁe total mass

producing scattered exciting radiation background can be quite large (> 50%) .
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Substrates which‘colleCt the paftiéulate maftér on the'surféce% such as
membrane types,fare desiréble when.emplOYingéiower:energy_x4rays (<'4 Kev)
for analyses. .Non—surface type_coilection éﬁbstrates give rise to absorption
.effeéys for loWer energy X-rays ffoﬁ particles which are embedded
' Within the substrate. Bohner, et él.l'has feported estimafed correcfions.for

these effects when Whatman 41 Hi-Vol filters are employed.

CALIBRATION

DeterminationléflRelaﬁive3E#citation-Detection Efficiencies
Air particulaté ﬁatter collected.on filters (membrahe-fype).or impactor

media . can be treated as,"infinitely"-thin-specimens for moét elemental énalyses
andf consequently; the conéentration of.an-elemehtvis directiy proportional-to
the infensity 0f>one of its characteristic K or L x-ray lines.b K x—iays are
employed for_the.analysié of elémenfs'up to_atOmic number 56 (Ba), and

L x-rays are:used for the elements of higher atomic number. 'Ideally, one would
like”to have "infinitely" thin standards for eacﬂ of the elements, but such

is not possible. 'Some_element; are too volatile or reactive in their
elemental foim (e.qg. Cl;_Br, 1, Hg, K, Ca, Rb, Sr, Baj_or their compounds are
hydroscopic. _Foftunately, the relative_ability to'exéite-and detect
‘chafactériStic #—rays can be calculated. This process is s£raightforwafd

when monochrématic exditing radiation is eﬁployed. -The iﬁtensity of an x-ray
line from é "infihitely"_thin spécimen is-directiy proporfional to the
concentration; m; (pg/émz)_of the'eiement and may be expressed:

= -— ] . 2
| I IIOG T(l_ 3 ) W £TE mo | ( .)

K,L
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where Ié is the'excitingzrédiation‘ihtensity"'
G is a éedmetfy factor

T is the photoe}éctiic méss absorptioh coefficient (ug/cmz) of the

element for;the.excitatidp_radiation _

JK,L is the ratio (5ump ratio) between tﬁe photoe1ec£ric‘mass_
abéorptioﬁ coefficients -at the top and bottom of the absorption
edge-energy‘(fhe subScripté K-éruL refer to: the speéific'energy,
level)

@K,L is the fluoréscencé yield value for the specificAenérgy }evel

f is the fraction of x~-ray lines of interest with respect to the
total from thé_specific energy level

T is thé fraction transmitted by:the media between the specimen and
the detector"

e is the'detectdr efficiéncy

, and f can be be obtained from the

Th' v for the tefms-T J m
e alges e 1%, L

,  6~8,13 ‘ ' '
literature =, The values for T and € may be calculated or determined
with relative ease and-are discussed in the Appendix. The.vaiue'of'-f
Io G is determined from a single element thin film standard of known mass.

We refer to the productvof the terms T, [ 1- . ’ wKAL,f,Ths, as the-
A 5 ’
_ L/
value Kj; Using'a single‘element thin film'étahdard, agreements within
several percent between calculated And‘experimental results_for Kj for eight
~ elements have been dbtained as shown in Table III. The thin film standards,

of mass varying,from‘50—150 ug/cmz; were prepared by K. Séheﬁfof LBL

by evaporation of the élements onto thin. Al substrates (200 ug/cmz).'»
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Rhodes and_Bdnnér have both féporfedbmaking:étandards using multidrop
techniques.on filter'media;s.‘ For elements with highé¥1energy x—fay;
(> 15 KeV) we ha?é prepared standafds by‘(i) absofbing a known amount of
a standard soiution or cellulose powder, (2) drying the mixture, (3) weighing
aftér an equilib;atigh period_of 24 hours, (4) éulverizingf and (5) pressing
(15,000 psi) thin uniform pelléts of mass 40 mg/cmz. Using monochromatic -
éxcifation radiation, smooth curves forﬂKj are.obtained when plotted Qersus
absétption edge energies, as shown in_Figuresvll—13, for the thre¢ x-ray
spectrometeré'employed_during these studies. The drop-off in the vélues fof 
Kj at the higher #-ray eﬁeigiesbié due_tb thé décfeases in thé detector

efficiency, €.

Determination éf particie size effects

One problem inherent.within the techhique  of X-ray fluorescénce
analysis of suspended air particulate matter is that appropriate considerations
must'be undgrtaken to cpmpénSate for particle size effects (mainly absorption
effects) when anéleing.for lower atomic numberielemgnts such-és Al, Si,
S, C1, K, and Ca. The charactéristic x-rays from thesé eieménts are low
 in eneréy, < 4 KeV, and the "infinitely"’thin spééimen criteria is.often not
‘valid. These élements are frequently present at above or néar the ugﬁn3'
of air level in urban aerosols. Thé eléménts Al, Si, K, and Ca are principally
pfesent in particles > 1u*iﬁ'diameter. ‘Su;face'type co1lection substfates
such as membrane filtefs Should be emplpyed to coilect,the aéiosols when

analyzing for'thése.elements.
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ﬁiguré:14 illuStrates'thé_préblem bf'particie'size effects using- 
an exaggerated singie pafticle.  The excitihg and fluorescent x-rays are
attepUated (absorptiqn effects) aé,tﬁey pass through fhe parficle. (Inter;
element enhancement effectsvaﬁe‘generally minor for anélysis of air particulate
matter). 1In féaiity,.air.pafticulate matter is a heterogeheoué spé¢imen,fin
which particles of varying éhapes and composition.exisf. Rhodes ;nd Huntér16
ﬁave'derived formulae.to compensate fér particle size effects-in speéimens '
of "hon-iﬁfiqite“ thickness (particles not infinitely thick for exciting or
characterisﬁié radiations). The_specimén is treated as being- in théiform of
a moﬁolayer with éarticle Sizés‘of either_discrefe ?alues or continuous dis-
tributions. The formulaencopsist of equétibns for a_thin homogeneous
specimen, multipliéd by a grain size depepdent.fécﬁor. Howevér; to this déte,
no experimental proof has been reported to égbstantiate the capabilities of
the published formulae to aaequately cdmpenséte for.particle éize effects for
analyses of aif particulafe maftér. Oﬁe_bf the principal'problems iéithat ﬁhe
size-diétributioh'of the collectéd‘particles isfseldom known.. wWhitby has reported
that atmospheric particdléte matter usually has ‘a bimodal mass"distribution.17
Both modes can be approximated by log—normai diStribution._‘The large particle
mode occurs ét'siZes varying fromv5 to 50y. . These‘éarticles, in genefal,'ére
‘principa;ly from mechanical érocesses,'such as wind—blown soil dus;. The
mass mean diémetér of the larger;pérticle mode.can vary considerably with
changihg meteorological conditidnéf The 1§rger particles, > 40um, which_are>
few in number,_are usually notvcollected.due to non-ideal sampling conditiéns.
'_Mbreovef,'the”efficiéncy to collect the parﬁicles < 40pm can be strongly
influencéd by meteorological.coﬁditions. Bounce off and wall 1osses:have

occurred for these particles using a modified Lundgren cascade impactor during
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fhe ACHEX program. - Hence, analyséé'bf particles iﬂ tﬁe 1afger'particle mbde

are Ofteﬁ-concerned'Withvthe smaller siée fractiéné of this mode, Thesevf

facts illustrate the problem of deécribing the distribution'qf the‘co11ected

. particle sizes. | ' |
‘In.the-abproach_wevha§e'employed-to compensate féf partiple sige éffeéts,-

we.presume the larger sﬁspeﬁdédfparticies are collectéd in the form of .

é moﬁolayer,‘ This is a reasonable aséuﬁptioh (particularly for larger

particles) for most aerosol specimens when only several hour qoilectipn

times are employed usiﬁg flow rates of 1ess-thaﬁ 1'cﬁbic meter/hdu;/qmz,of

collection media.fAlso,ﬁwe assumebﬁhe particlés‘are collected on fhe surface

of the filterf(membrane_type) and that the_barticlé sizes are of "non-infinite"

- thickness for the energieé of radiations employed.  (Infinifévthickneés is

the thickness beyond which an increasé in thickness would'not Aeasﬁrably

inérease fluqrescenﬁ x-ray 1ine?intensitie$§; .Tﬁe characterisfic xfray

intensity (Ic) fromna giyenvelément in a homogeneous partiéle of average

-,ﬁass thiékness (ﬁ), qm/cmz, may be expressed | R

[1.';(_“3 +,qu)6] S !

_(Ue + uf)m

I

¢ = Tthin
where Ithin é'the characteristic x—rayvline intensity ﬁrom an equal amount
of the‘particle distributed'"infinitely“ thin (no absorption effects),
ue:ahd uf afé_the,totalAmass-absofptibn:coefficient, cmz/gm,‘of thg
particle for the éxciting'and Ehe”éharacferistic radiation,,fespectively.
The absorption"correction’term is dependent upon tbe ;otal masé_absorptioq

coefficient of the particle for the exciting and'characteristic radiation.
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Tﬁe value of the term,iue, aﬁd;‘in turn,'thétvalue:§f_ue ¥’ufwcan be‘.
vafied"considerably by varying the energy of thé excitation fédiation.'

- By selecting.the excitafion'radiation (mphqchromatic),of ene?gies,_for which
the ydlues forvue vary from large to small ;-relatiVe tovuf, information on .
the particle size (presuming the values for-ue andtuf are known) éan be
determinéd; éiﬁce'the values of the elemental concentration.obtained'from
ithi;‘should be the-séme in each case;

' These larger particles which come principally from mechanical pro- h
‘cesses such és wind-blown soil dust Are-considefed to cdnsist of sbecific
miﬂeralsla. Table IV lists these minerais. Recognizing the faét that:

_the total mass absorption coefficients (ue + uf) of the @inerals are
simila; when analyzing fof Si (Si ié usually no#-present as Siozlegcept
in the desert region)18~or Al, we use this to our advantage. TabléHIV lists
the values of ue + uf of these‘minerals when ZrL, AgL, or NiK x-rays
are employed in excitation for the Si or Al anélfsis. The‘;élatiohship

Vbétwéen the maés con'centrati_o'n,‘m1 aﬁd,mz,béf an element'(uncorre¢£ed
for ;bsorption effects), determined by eméloying’two séparaté‘measureménts»using

two different energies of excitation radiation, may be described:

-(pe o+ uf’)m My F Mg

. - _ e _ ' '
I_n2 - e 2 x 1 - (4)
ml _(ue + uf)-m ue * uf

l-e 1 v 2

~where ue and ue.,are the total“mass.absorption_coefficients of the
particle for the two different excitation radiation energies, respectively,

and ﬁ is’ the average mass thickhess of the particle‘(gm/cmz),
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By setting'a:value :'5 M, + uf)/(ue + Uf),vequation 5 may be written:

2 1

s 17 1 | | (5)

The total mass concentration from .a total of n particles may be expreseed:

(Ue + u_f)mi - -A‘ L (6)’

il } 1-e” Mg uf)mi

Since.the mass concentration is independent of fhe energy of fhe exeitation
radiaeioh emplofed'(presuming infinite thickness is'pot.attained'for'any
of the indiviaualAparticles),the yelue for (ué + uf)aemay 5e éetermined and,
in turn, theIValﬁe of m is aseeetained; Although tﬁis procedﬁre requires
- that a_weighted_ave;ege yalue f§r~5 be employed, the net.error in the result
is relafively Smell. This is due te tﬁe facﬁ that the buik of the mass
concentration is usually within a relatively'small‘fange, since the total ﬁass
of a particle can very as the cube of tﬁe.éarticle'diametef,-

| ' Figufe lSsshows;curVee_for selected "r"VQalues which could be embloyed
for'Si'messldeterminations with Zr:and Ag; x;rays_plotted Qersﬁs the
febsorption correetion‘ferm_eo'beeapplied;’to correct for absorption‘effecte,
for the.analysis with Agi~x—rays. For bur experiments, we'employed.an Jrv
value ef 1.55. The value of the absorption cqrrection term for the Si
analyeis of perticles eoliected on the #etal filters was typicdlly in the

range of 1.5 to 3.0. This corrésponds to particles approximately in the 8 to



~15- - . ©  LBL-2951

24 | size range (for unit density spheres).. These are reasonable values-‘
éonsidering the Whitby data17 and the fact that. non-ideal sampling conditions
are employed. We make an additional Si determination, using NiK x-rays for

excitation, to verify that we have seleétea close to. the appropriate'valuesA

Fn?_the,masé;absorptibn;coefficients,to,ascertain;the value of the absorption
correction term; The totai mass ébsorptién'coéfficiepts of the minerals
typiéally present’in the éeroéols'aie‘verybsimilar’forlﬁhebsi and Al aetgr—'
.minations.' Cohsequentiy, the.Qalué of the abSofption éorrection terﬁ'

established for the Si analysis is applied for the Al determination.

¢
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Table I. Photoelect;ic'CrossASeCtions

LBL-2951

Excitation radiation = = AgLa L Niko " .- MoKa

Element

Al 720 cm”/gm 62 cm /gm 4.9 cmz/gm

si - 80 - O
S_y ‘ R 1200 113 o | 9.4
cL _ 1280 - 132 o 11
K T v,‘.‘ 179 : 16
Ca ‘_ R | o 207 19
™o . ' ST 243 B 23

. . . | o : . - 2657' ‘. .. | 25_.
cr I e s a2
v - _‘_-  | o 38 - 3
Fe T _. 363 o - 31
'Ni_. :‘ L _ _‘._‘.i o | 47f
Cu ' ‘A':‘ . : : i  ' : | ‘ 49
As. o ;'; - L 65
Br C 1 :  .f B }.,'i o  .” 74

sr R o 87




Table II. . Collection Media'Impﬁritiesh'f
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LBL-2951

Sticky

Glass Fiber

Pb

Washed Gelman

GA-1 filters polyethylene. - . filters -
Concenﬁration ‘ug/cmz ug/cm?. ug/ém2
Element _
K - - 43%5
ca 0.170%0.010 - 41%4
Fe vo.oz9tb.ooz 0.015+0.003 2.6%0.2
Cu -0.023£o,oo$ - -
Zn 0.004%0.001 10.06£0.01" 16748
- - - | 0241ro.o4:
Sr - - 1741
Ba - - 139420 -

- 0.22+0.02
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Table III. Relétive,Excitation and Detection Efficiencies (Kj)

Line .Calculated o Determined
CrKa | .3él B - - .370%.011
MnKo: N '_ .450 . .435%,003
Feka o .587 - | . .559.003
NiKo. .884 , | .882%.007
Cukol 1.000 E 1.000%.015
AsKQ. 1.653 o 1.6601.053'
sexa 1776 . 1.753%.087
PbLa .804 .774¢.019




Table IV. Total Mass Absorption Coefficients (cmz/gm)

| =21

LBL-2951

Excitation
radiation

ZrL

AgL

NiK |

Element of
interest

Al

si

Al _

.81

Al si

Mineral

.Kaolinite .
4 .

A12(51203)(0H)

Anorthite
CaA1281208
Microline
KAlsSi_O
38
Albite

NaAlSJ.3O8

12450

2540
2520

2790

2540

2680

2390

2630

1620

" 1660

1820

1620

1710

11800

1490

1660

1240
1280
11240

11370

1330
1430
1110

1200
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' FIGURE CAPTIONS

" Schematic of x-ray fluorescénceianalysis'technique._

Generalized spectral output obtained from-a conventional W anode
x-ray tube operated at a potential of 40 KV.

Spectral’output-obtained from a Mo transmission x-ray tube operated

‘at a potential of 42 KvV.

.X~ray fluorescence analysis technique employing direct excitation

"~ using a Mo transmission x-ray tube.

X-ray fluorescence analysis technique using & W anode x-ray tube

and three secondary targets to provide the exciting radiation

' _(Goulding‘— Jaklevic, E;P.A;'type'xfray speétrometer).

10. -

11.

12.

13.
14.

15.

‘X-ray fluorescence analysis technique employing a Ag anode x-ray

tube and three secondary targets to provide the exciting radiation.
X-ray fluorescence analysis technique employing direct excitation
using a Ag anode'x#ray tube.

v

"Fitted" fluorescence yield curves for the K and L energy levels.

. 111
Scattering curves for 90 and lBOO_Cbmpton sqattering.'
Scattering to.total cross section curve for carbon matrix.
Relativevexcitatibh - detéction efficiehcy curves'fot'MoK'x-rays.
Relaﬁive'excitation—detectioﬁ effiéiency'curve for TbK x-rays.
Reiafive excitation—détection efficiency curve for'AgL X-rays.
" Exaggerated illustrétibn of partiélé-sizé effects for a single parficle.

Absorption correction curves for Si mass determinations.

S
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APEENDIX‘
in this section, fécto;é which -affect the‘accugécy of'the me£hod are
discussed.‘ Ihcluded aré considérations underﬁaken_to étandaidize the three
X=-ray spectrometérs used dﬁring-these studies. Also, methods émployed for _
the éﬁalyses'program are desgribéd.

Equipment and_Characteristics

" Table V lists the characteristiés of the x-ray spectrometers and
associated x-ray tubes employed during these studies.

Standardization of spectrometers:

a) Séectrometer ﬁith Mo,tfansmissibnfx—ray tube.

This spectrometer;'A, is illuétfated in Fig; 4.V_T5e proéeduré used fo

standafdize fhisvequipment has seen previéusly reported.;4 The principal

sources of error in the stanéardization procedure employed are-ffom tﬁe
uncertéiﬁties‘of (1) the:fluorescenf yiéld "fitted"'values selected,‘and (2) the
correc£ions‘employed to{compensate foi air absorption for lower energy x-rays.
This spéétrometer ﬁas employed to obtain most of the déta écduired during

these studies. Table VI lists ﬁhe sensitivifies (3_Q'values{:for the elemenﬁs
determined using 10 minuté analyses times.<'The unce#tainty in the "fitted"
fluorescen£ yield-vaiﬁesAemployed was typicaily 5% or less for the elements
vV > Sr. T@e uhcertéiﬁty.in the fluorescent yield values for the elements S - Ti
'was‘larger; attaining"a‘maximum of-l4% fof.é; Each day a éingle element thin film
sténdérd,.Cu, was used tolnbrmaiiZé fpr geometry and.x—ray tubevoutput.v The correc-
tions applied in the caldulations to correctrfor air absorption of the S, K, and
Ca x-rays were .34, .68;.and .75, reépectively. The uhcertainties in these |

values were approximately .02 for S, .0l for K, and .0l for Ca. Figure 16
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shows a spectrum_oppained on‘a'fwe héur:total.filﬁer aerosolbspecimen (5 mg/cm2
Gelman cellulose esﬁer eubstrate);'VTheJelemental Qalues‘listed are in ng/cm”.
b) Spectrometer_with W anode x—ray‘ﬁebe and three eecendary targets
(Ni, Me,Qand Th). :
This'epectrometer, B;vdesigned by'F.»Goulding‘ahd‘J.”Jaklevie,s‘is
illustrated>in Figure 5;. Although this speétrometer has a bread ;apge of
analysis capabilities (s + Ba, Hg, Pb), it was employed onlyvto‘deterpine_the
concentratiohs'of;higher Z'elemenfs which we could not obtainvwith spectrof'
meter A. SomeWhaf higher sensitivities Were attainable with spectrometer A
fof the elements S ¥ Zn (cdmparea to spectrometer B, Mo secondary target), due‘
to the smaller cenﬁribution to the epectrem baCkéround from air.scatteriAg; )
Table-VII lists the_sensitivities (3 0 valﬁes) obtained fof‘the.elements |
_determinea usiﬁg a Tb seeohdary'ﬁarget and 10 minute analyses times} Fiéure
17 shows avspectru@'obtained on a Hi-Vol aerosol speeimen. The elemental
values listed are‘in ng/cmz.'vstaheardizafionvof this spectrpmeﬁer was adcoﬁ—
, plished‘ﬁsihg'celiulose pellet staadards; (Calculated values were not employed,
due to the ﬁofe compleXIOVerall geqpetry-of this system which made\it difficﬁlt
to determine the deteetoraefficiehcy for any-gi§en x-ray energy). Each stahdard
was prepared by absoxping‘a kneWﬁ ampunt of a standard solution on4ceilulose
ppwder,‘drying, Weighing('andvpulverizing‘the miXtufe from which 40 mg/cmz'
pellete Weie‘preeeed.- Measurements to compensate fef absorptibh effects Qithin
tﬁe pellets were made:l4' |
_¢) lLow Energy x-ray spectrometer with Ag x-ray fubea'

This spectrometer,;c,_showh.in_Figure 6 and 7, was designed by D . Malone.v
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The spectrometer Qes constructed to support ;esearch'en extenaing the‘enaiyticél
technique of x-ray induced.x4ray;fluoreSCence anaiyéie of aefosoi specimens
to include the determination of lower 2 elemente (Mg +'Cl>.. This unique
spectremeter permitted compact excitafion;séecimen?deteetor_geometries to
be obtained. AAdditionally,-a short path lenéth,'l.s mm, between the s?ecimen
and tﬂe detector window was attained.- Either air or He paths could be
used. ’Ih the,secondary target mode (Fig. 6),'£hree_targets: zZr, Ag,'and-Ni,'were
utilized.to obtain data which permitted ue to compensate for perticle size
effecté\as éreviouely diseussed. Sensitivities for ﬁost of Ehese eiementsewere
enhanced_substantially when the x-ray tube outéut was‘embloyed.directly
(Fig.‘7)'to previde the.exciting'radiation, using enly ev;OOQ25 cm Ag filter.
to attenuate fhevBremstrahlung. Figure 18 ehows‘a speetrum-acduired in thie
mode. The cehcentrations listed.are»in ng/cmZ;j‘Table_VIIi lists the seﬁsitivi_
ties aeteinable:in each of the modes using.lo.minute.analyses times.. Uéing.the
particle size inférmation.acquired for the Si analyses in £he‘eecondary target
mode, the Mg and Al x-ray intensity:data obtained inithe direct moae'are
corrected ﬁo coméensate fer particie eize effects-v

An infinitely thick pure Si disk was eﬁployed eo stendardize this
spect%ometer. The mass. of an infinitely thick (mass absorption eoefficient
£erm ~4) may bevexpressea: |

minf :-A0.98/(uecscdg + ufcse¢f) . '. - (7)

where ¢e and ¢f,are_the angles formed by the ‘exciting and the fluorescent
radiation with the disk- surface..
.Since a pure disk of this mass will suffer a 75% loss in x-ray intensity (the

product of the attenuation of the excitihg and charecteristic x-rays integrated
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over the mass, m,

inf ), the mass of the S€andard'for_calibration purposes equals

minf./4'o' We have émployed this same procedure to'sténdardiZe'for.Al.ahd S and
obtained agrgemehts to withiﬁ 5% of the calculatedvrelative excitation-detection
efficiéﬁby valueé normalized to Si. For these calculationé,-correctioﬁs are
applied t0'compenéate~for the detector dead layerf(equivaleﬁt surface mass for
which ioﬁization events are. not measured)'aﬁd for absorption by the‘Very-thin
Aullayér on the gurface of thevdetector; For this spécfrometer( these attentu-

ation corrections for Mg Ca K x-rays were in the range of 5 to’lS%{

Data Analysis Program

.X-ray spectra of the collected are§501 épecimens aré écquired using
a 512,chaﬁne1 pulse-height analyzer énd are recorded on magnétic tape. - The
analytical compgtétioné are made by a Contro;'Data 6605 cémputer. Although
our program hés been established for the anaiYses of ﬁany types of specimens,
much leés than 50K of cofe space wéuld actually be required for analfses of
aérosolé only,  The analysis program is peffofméd in th;ee.steps. First, the
:x;ray spectrum_bagkground dueito ﬁhe scatteféd_ekciﬁiné radiation is removed,
‘secondlf, thé intérferences due to oVerlgpping x-ray lines are.ﬁnfolded, ana'
'thirdiy/ the qoncéhtrations of the eiements'in the o:iginal air samples are
>ca1culated_from the intenéities 6f the appropriate'x—ray lines employed for.
analysis.. | |

The shape of thevscattered”exciting radiation background is simply
determined by employing a blank filtervoffﬁaés similar to ;hafvéf the filters
used for the.aefosol colleétioné. The scétte;ed x-ray backgroﬁnd'within
VariouSgénergy rénées'ﬁévbe employed for:analysisbare ratioed to the ‘intensity

of thé.SCattéred_exciting'radiation. These scattered radiation background
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factors are employed for analyses. This procedure was possible:éince the typical
aerosol ioadings cbntributed-oﬁly a,couple bf percent.ﬁo thé total mass of
;he filter blgs colleéted aerosol.

Fixed sets of cﬁannels corresponding to prgséiected_energy'rangés
are eméloyed for analyses. ' Although the spectroﬁeteflis stéble over widely
varying‘condiﬁibns; oﬁevof_the mbré intenSé'x—ray 1inés is used'té cdmﬁensatéf
_if—a b;se—line shift occurs.  To Obfain highlstatistical acéﬁﬁacies;
betwééﬁ 70 to 80 percent of the tofal peék;areas are ytilizeg for analySes.
The peak fractions used are'estéblishéd from elemental thih—films. Cofrections
for overlapping.x—ray 1ines.are éiso determined from the elemental thin-films
by establishinéfrelationships beﬁween indiVidual peak4shapes-énd'intensities.v
In effegt, a éeriesiof'simultaneoué equatiéns-are establishéd Which compensate
for overlapping x-rayflines_occurring over-pfesélected energy ranges; |

The concentrations of the individual elements present in.the aerosol

are then calculated from the individual x4ray_lihe intensities using Eq. (8) .,

BQkEA

<| =4
w

= C‘l x
c_ _
s J

where cj and cg are the chéracteristic x-ray count rates from element -j and.
the standard
: ) . S 2
m_ is the standard mass (Ug/cm’)
~V is the volume of air sampled (m3) per cm of collection media
_Kj is the relative excitation-detection efficiency value normalized

- to the'standard



-43- R ' IBL-2951

‘Discussion of Sources of Analytical Errors:

We have 6bserved lossesibetween 5 apd'SO% of.elements.prééent in the.
larger particlesb(>‘5u) due to speciﬁen handling'techniqués. Such lééses have
occur;ed betwéen'x—ray fluorescence analysié.(XRF) and neutron activation
analysis, Upon.réanaiysis by XRF,iagreement, typiéaliy withip‘S%; is obtained
from small particié elements (Pb and Br),-while Low values aré obtained from
léigeﬂparticlé.eléments (éa, Ti, and Fé). _Aléo,-laréé particle eleﬁent.lpsses
.have been obseived for the aeroéol'speciméns;_cut and stored in envelopes,
-prior to-analfsis with the'low—énergy spectrometer. Potential_handlinq losses
appear to be’rélated to the size of'tﬁe pérticlés and to thé.relative humidity
at the time of .collection.

Due to thevcompact excitaﬁion-specimen?detector‘systém-géometries employ-
. ed, it is essential tHat fixedzreprqduqiblé geometries be obtaiﬁéd.n For exqmple,
an incorrectly seated specimen, locafed 0.6 mm away from the plane of tbe
correct position, relative to the detector, for spectrometer A, WOuld-yiéld
.resﬁlts<which werejzo%,low. The pr6blem is accentuated since the spectrometer
Was designed té have the center lines of the excitation and the detector sys-
’tems intérsect at-the:specimen .plane. Howéyer, we have been able to reproduce
ou# results (analyges'pefformed several months apart), typically'within 4%,
which substahtiétesvthé‘fact that.we.do obtain feprqducibié geometries.

_A second geometriéal erroxr can arise froh the fact thét the»probability
of exciting and detecting an'x—ray line from'the aerosol varies over the area
‘of the specimen an;lyied. Figure 19 illustrgﬁes the’relati&e ihtensity of an
x-ray line froﬁ Vari0ﬁs parts of fhe specimeh aréa empl;yed for‘analysis.with

. spectrometer A.
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The total areé of the spécimen anélyzéd WaS‘§ cm2. For anaiyséé} we pfesume
‘that the;aerosol is aéposited uniformly across the filter surféce. for the
Lundgren imﬁactér stages;‘the size of the‘xffay beamvépot is reduced such
that Qﬁiy al émz area is examined. For stages 1 and 2 (™ 12u 50% cﬁt'point),
appréciable errors (>'20%).can be .obtained due to the fact fhat the uniformv
deposit criteria is not_valid.

Additiqnally, iqése;,'due to Bounce-off (using sticky polyethyléne sur-
face);and entrainment Qithin the impactor, have been observed.er elgments ptesent
princially in the iar§e particles (> '5u)._ The losses afe_related to.£ﬁe relative
humidity.at the time the aerosol is_coilectea. Losseslup tob50% have been
determined by comparihg tHé data from the.sum of the stages from the Lundgren
impacﬁor énd thevafter.filter with.fhe totél filter data.

Thinffilmsiare_prepared to deterﬁiné‘oyérlapping x-ray lines by
establishing relétionsﬁips*between individual #*ray peak shapeé'and felative
intensities. Afﬁese thin-films are preparéa.either bdeusting_the finely
pulvefizéd element or ele@ént coméoqnd onto ﬁylar tape, 6r by evaporation
onto ﬁhin‘baékings, such as aiumiﬁﬁm_or polyaﬁide.‘ The masses of these thin
films are unimportant as long"asvthe relative differencé for.absorption

_of the x-rays is negligible. Table IX lists the major oveﬁlapping x-;ay ‘
liﬁes determined dufing thé_ACHEX pxograﬁ.'.

X-rays aetected_by éemiédnduétor aeteéﬁors.often pfodﬁce peaks that.
tail onrthe iéw énergy'sidé. This ﬁailing effect becomes more pronounced
with increasing x—rayAéﬁergy and caﬁ cause 6v¢rlapping of x—fay lines,
particularly wheﬁ trfiﬁé to discerﬁ X-rays of low inténsity adjacent to

a high*intensity higher energy peak. Additionally, eséape peaks can be a

consideration. The.enérgy of an escape peak corresponds to the original x-ray
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energy minus the,energy of phe escaping photons,.wﬁich ih the case of silicon
detectors ére‘the Si K x-rays. Thé-inténSity of thé escape peaké,'although
energy dependent; are more than two orders of magnitude lesé thah‘the initial‘
x-ray intensity. To illﬁstrate the magnitﬁde of the problem of the tailing
effect for spectrometer'A,'a Pb concentration of 1 ug/cm2 prodﬁées a‘tailiﬁg
background equivalent to 5, 4, 3, and 2 ng/cm2'for the Vv, Cr, Mn, and Ni
anélysés, respectivelyf Thus, for analfses of minor constituents within the
aerosol, it is imperativevthat corrections for'tailing background from major
fconstituehts such .as Pb, Br, and Fe be made in the data analysis program. The .
corrections foi overlapping.x—ray background due‘to peak tailing or escape peék
aré established with relative ea;e-from the thin-films. |

As.previonsiy mentioﬁed, fixed sets of-channéls-corresponding
to preselected-energy ranges are employed for analyses. A minor gaiﬁ shiff can
occur in the energy spectruﬁ if the spectrdmeter and its associated electronics
are not maintaihed in a relati#ely constant temperature environment. Suéh.-
gain shifts can produée_sizeable errors in thé results obtained'for minor
'constituents (pérticularly in the.higﬁef.energy range of the“x—fay spectrum)
havin§ large70ver1apping:x—ray backg?ounds, using'Ou; daté.analysis program.
Minor ééin shift problems can be preventedvby‘daily checking preselected:
energy raﬁges for x-ray lines near the two extrehes of the energy spectrum
and méking a ﬁéry,minor electronic amplifier adjustment if neceésary.v wae§er,
we maintain our_speéfrpﬁeter in a felatively cohstant,envirénﬁent and consequently,
adjustments are infrequently reguired.

X—raysgfromvsﬁbsfrate impurities which are‘parﬁially absorbed in the
subStrate can.prdduée minor errors in the results, uSihg~ou; data analysis
‘pgograﬁ; if the aerosol .loading of the impurity.elemepts are small cbmpared

to the blank, and if substrates of widely varying masses are employed to collect

3
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the aeroéols._ Althéugh a CHangé in substrate mass»Will prOpoftionally
alter thé x-ray spéétfum background due té'tﬁe scatteredvexéiting
radiation for spebtromeﬁers A and B, the x¥réy‘line intensity from a substrate
impuri£§ may not be proportiohally‘altered.in inteﬁsity due to substrate
ébsorption_effééts; During the ACHEX program,'substréte mésse# were;
maintained reiativelj:constant,'i 10%;7 Thé only reported element for which
thié péoblém would be a source.éf érrorvis Ca for the after filter data.
Corrections for‘ébsorptioﬁ,effects due to aeroéoljioadings are not
V,included;in our analeis‘prograh. For nearly all of the anéiyses performed on
-~ two hoﬁf:aerosol spécimenéicdllected during the ACHE* program, such abéorption
effects Qéuld'bé negligible 6r vefy minor.. for example, a iOO Ug/sz hydro-

carbon deposit mixed uniformly With.a 10 ug/cm2 NH4(SO deposit would attenuate

4)2, v
the SK x-rays by only 1%. A silicate deposit completely covered by a, 100 ug/cm2
hydrocarbon deposit would:attenuate the Sik X-rays by‘only 4%. Thus, ébsorption
effects due to aerOSol loadings are minor, particuiarly coﬁpéred‘to particle
size’effects. |

. Even théﬁghvmembrane type;(Gelman GA—IVSU ceilulose éster)'filfers.
‘were employed to‘colleét the totél and thevaftér.filter aerosol specimens,. a
fraction of tﬁé-véry small-partiéles will ‘have some penetratioh depth into tﬁe
filter medium. ‘burihg'the.ACHEX prdgrgm'the particulate sulfur Qas determined
] in_most cases'té be predominantly present in the partiéles < 0.5 u. Penetrétion
of the pérticles info the filter media can causé assoprtion effects for the
SK x-rays. We have determined thét the sulfur containing parti&les-have.been
deposi;ed to a depth corfgsponding to less than 0.7 mg/cmz. This evaluation

‘was ﬁade'by employing the low-enerqgy spectrometer shown in Fig. 6. Sulfur
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determinations were made.cmplOQihg both AgL and:NiK x-rays for the exciting
radiatioh. (Attentuaticn of NiK x-rays by the filterris essentially ﬁegligible,
while the same cqndition‘is notlcrcéﬂfor the.lowef—ehergy AgL;X—rays)Q Such ‘a
peneﬁraﬁion depth requirec less fhan a 103 correction for filter attenuation
‘effects of the exciting radiacion.when AgL”x—rays are employed for énalysis.
‘in this 45o excitatiohfspecimen geometry. Our conclusions are further
substéntiated from the fact that essentially;identical résults were obtained
when-AgL and NiK x-rays were emploYed to determiﬁe S 1evcls on dry mYlar
impactor surfaces (from ACHEX I); _Althoﬁgh we have nct evaluated thc attenuation
effects of thecfiiter medium fcr SK x-rays, we believe such effects would be
minor (coméared to the éttehuaticn of the‘AgL x-rays).in our 180° specimen-
detector geoﬁétry. | .

In our methodbtc ccmpenéate for particle size éffecﬁs{ we assumelthat
the_larger particles originate frdm:mechanical'procésses such as wind-blown
soil dust. In tufn, we use overall avérage mass absorption coefficient data,
which are simiiar in value for a nuﬁber of commoﬁ minerals, for both the Si
and the Ai‘analYSes. We detefmine the Si.concentration'emplcying two separate
measurements ucing excitation rcdiation of two differcnt energies. fhé mass
values determined {(uncorrected for pafticie size_éffects) are applied to
determine the value of.an abscrption corréction term. This approach is

reasonable fcr the Si analyses if a‘large fraction of the Si is not present

as Si02;pr error of 4% in the value . of the‘ratic cfbﬁhe two mass determinations
established can,vin turn, introducé‘an érror of 20%'for the value of ﬁhe ébsorption
correéticn'term, ascertained foruparticles around 15U (fof unit density spheres).
Additionally, if‘thevselecﬁed "r" value empioyed is off by 3%1 an additional

10 to 20% erroriis introduced. 'However,'we_make an additional Si determination
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using ﬁiK X-rays fb; excitation‘tb verify that we héve chosen. the appropriate
values for the mass absorption coéffiCieﬁts, and in turn, the correct “"r"
values. This is possible since the mass vaerS-(corrécted for_absorption
_effec#s)‘ascertainéd shoﬁld berthe'ééme for all'three_determinatibns.
Althbughvwe‘havevprepared a comprehenSiye list of poteﬁtial.ééurces of
errors, with appropriate considérations, analyses for a broad range of'elemenﬁs
gah be accomplished to é relati&el& high degree of accuracy. Employing‘x—rayv
induced x—ray_fiﬁorescenceAanalysis techniques, we ha&é obtained data.(not'
limited'to-aerOSOl épeéimeﬁs) whiéh havelusﬁally beeﬁ in gooa agreement *
5-10%, with data obtéined~by-other techniqueS»(i.e.;YSee Ref; 14). Table X
lists the eleﬁénts détermined by XRF duriﬁg_the‘ACHEx IT program. Additionally,
. the concentration and tﬁe particle size range, in which these"eiements'wérev
~ typically fouﬁd, afellistéd. ThoSevélementé listédfin‘brackets.Qerérdétermined‘
fo.be only océasionaily present in the aeroéol‘specimens;' In a separate
report to be coméiled at the Rockwell'Inﬁefnational SéienceACenter, the extensive
data obtéined by XRF during this program will'be discussed. The data are
being combined.with a weaith of other chémical; phyéiéal,»and.meteorological
‘dataAobtaiped by other experiments during this'study. The principal objgctives
of the experiment-are'(l) to characterize the respirable and visibility
degrading fraction of aérosols in the.Los Angeles.Soﬁth-Coaét Basin,‘(2) to
igveétigate_the evolution of aeroSols undérvconditions of photéchemical smog
. formation, (3) to éstimaté.the primary and.secondary’aerosbl contributionsito
‘the totél airbOrneipartiéulate concéntration, (4) to evaluate the significénce
of both_natural.and aﬁthropogenigvsources in the evoiution»bf the respirable
aﬁd visibility»dégrading fraCtioné of the.aerosol, and (5) to recommend from

the data obtained key éonsiderations for a control. strategy.
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Table V-

LBL-2951

Spectrometer A

Spectrometer B -

Spectrometer C

Detector
Electronics
Resolution at

5.9 Kev
X—ray'tube,
power '

Excitation
method

' Groundedvguard-

ring .

Pulsed-light
feedback

-~ 225 ev

Mo tranSmission
20 watts

Direct

Guard-ring
reject

Pulsed-light
feedback

~ 190 ev

W, 50 watts

Secondary
targets

Top-hat

Pulsed~-light
feedback

~ 175 eV

Ag, 50 watts

Direct and
secondary targets
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o .
Table VI. Thebréticél Limits of Detectipn,_Spectrometet A
Media - _ N .. Gelman GA-1 o . Sticky polyethylene
Mass (yé/cmz) | >5.0 : : V 5.0_
Air volume _ ' 0.75 , | 2'.40
sampled (m”/cm”) '
Aieafanalyzed (cmz) ' B 3. _- -; ‘ 1-
Element and spectral line ' »
SKa | . 900 ng/m> 480 ng/m’
clke 420 | | 220
KK | 140 - 100
caka | 65 - 55
TiKa 26 - 19
VKo 21 | -~ 1s
crka 17 . o 10
MnKo, 12 = . -'_‘ 8
FeKo, | 13 |  -‘ . io :
| NiKo, 5 - 5
CuKo o 8. . o 5
ZnKo ) 5 o 12
Gakao 4 o 5
AsKo, ‘ 5 ,i | 4
SeKa | 5 o | 4
BrKa f 7 _. 5
ke o 10 | | s

continued

S
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Table VI. “continued

‘Media : ' ‘Gelman GA-1l - e : ‘ Sticky polyethylene

STKo, - ' 12 o 9
HgLo o - 9 o 7
PblLo. -9 | e 7

PbIB o 23 19




Table VII.
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Theoretical LimitS'of Detection; Spectrometer B

*TblseC6hdéry;Target

Media Whatman-41
. 2 .
Mass (mg/cm”) 9.0
Air volume 2' 3.0
sampled (m™/cm™):
o 2
Area Analyzed (cm') 4
Element and spectral line
-3
SrKa 17 ng/m
YKO, 16
ZrKo. - 14
NbKO, 12
_ MoKo. 11
PAKO. 10 S |
- AgKo 9. |
CdKo, 10 o _ f
InKao 12
SnKo, 13
SbKo, 13
TeKo 14 -
[
IKO 17
CsKo, 28’ ,
BaKo 38
LaKo.

56




Table VIII.V
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Theoretical Limits .of Detection, Spectrometer C

Media

Gelman GA-1

Masslkmg/cmz) 5.0
.Air volume 0.75
sampled‘(m3/cm2)_‘
. Area analyzed (cm2) 1
Modé | Zr secondary | Ag seqondary- ' Ni secondary Direct,?
_target o target - target: vAg filter
Element and
spectral line g
MgKO | - - - 320 ng/m’
. Alke s0 . 1400 | 7200 - 130
SiKo, 560 700 3500 70
SKa S 400 1400 a0
Clxo - 370" . .. 900" - 40
caxa - o - ;. 200 N -
TiKo, - | Lo 130 -
FeKo, - - 120 -
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<

Table IX.. Majbr Overlapping XQray Lines

v

Element and spectral line Interference .

AlKO : BrL
ska - 1 L PbM

ClKa o o N  PbM, SKB

Cai(Ot" | ; | ' g

TiK0O _" | 3 ._ :A' BaLd, FeKa éscape peak

VKO ' ’  : ' | o TiKB; Balf; FeKB.escape.peak
MrKOL ' - . Fexa |

Niko - _ FeKB

GaKo ' ' - ZnKg, PbLI_Ll

| AsKQ ‘ o ~ mbla |

SeKa o , S o _Pbln.,

RbKO. o : o o Brk3
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Table X. California Urban Aerosols

Particle diameter : v > 1y - ' < 1l

Conq,?fange’(ug/m3)

> 1 ) . N 'Al, §i, Ca, Fe. o 'S, ébv~
0.1 - 1 v ) E K, Ti, Zn, (s) -Ca, Fe, Br (K) -
0.0 - 0.1 . - o Cr,1Mn; Br, Sr, Pb - . Ti, Ni, Cu, Zn, (V)
‘ (Ba) ‘ S (As) (sn) (sb) (1)
0.001- 0.01 Wi, Cu(Ga) (RB) - Mn (Se) (cA)
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FIGURE CAPTIONS

Spectrum of :a totalbfilter-aerosol specimen collec¢ted ovér a two hour

interval.

Spectrum. of a Hi-Vol aerosol specimen collected over a 24 hour period.
Spectrum of aAtotai filter aerosol specimen collected over a two

hour interval.

Relative intensity of CuK x-ray line from various parts of the

specimén area employed for analeis; These data were obtained

using\the Mo transmission x-ray tube and a 2 mm x 2 mm Cu specimen.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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