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X-RAY FLUORESCENCE ANALYSIS OF ACHEX AEROSOLS

R. D. Giauque, L. Y. Goda, and R. B, Garrett
Lawrence Berkeley Laboratory
Berkeley, California 94720

ABSTRACT

The elemental composition of aerosols collected on filter
media and impactor films during the Aerosol Characterization Experi- -
ments (ACHEX) were determined by x-ray induced x-ray fluorescence
analysis (XRFA). Low ﬁéwer,x—ray-tubes (<40 watts) and semiconduc-
tor detector x-ray spectrometers were utilized for the elemental
analyses.

- Typically, the concentratiqn of thirteenvelements (A1, Si,
S, K, Ca, Ti, Mn, Fe, Ni, Zn, Br, Sr, and Pb) were routinely ascer-
tained for aerosols collected for two hour periods. The concentration
of twenty-two additional elements determined were usually near or
below our detection limits. These programs were sponsored by the Calif-

ornia Air Resources Board during the yeais 1972-1974.

INTRODUCTION

Elemental analysis of aerosols, coupled with meteorolo-
-gical, particle size distribution, gaseous, -and other chemical data,
provide information which can be used to estimate the contribution

of primary and secondary aerosols to the total airborne particulate



matter (1-3). From such data, evaluations of the significance

of both natural and anthropogenip sources in the evolution of
aerosols may be made. The analytical tschnique>of'XRFA lends
itself to simultaneous determinations of a broadl;gnge of elements
in air particulate matter collected on filter media or impactor
films. The technique is quantitative, relatively rapid (minutes),
and high sensitivities are 6btainab1e (ng/m3 of air level). Unfor-
tunately, the method>doesvnot permit the determination of very low
atomic number elements, such as carbon and nitrbgen,'which are im-
portant major cohstituenté of most aerosol speciﬁeﬁé. However, the
technique is nondestructive and allows subsequent chemical specles

measurements to be made by alternative analytical procedures.

DISCUSSION OF METHOD

The XRFA method employed for these studies involves the
interaction of photons, provided by an xéray tube eifher directly
or indirectly, with specimen atoms. A fréction of the photons, if
of sufficient energy, create iﬁner atomiq shell vacéncies; subse-
queht atomic transitions fill the vacancies, and a fraction of these
give rise to the emission of characteristic x-rays. These x-rays are
detected by a semiconductor detector, sorted by their energies, and
the elemental concentrations are determined frpm>the x-ray intensities.
The relative ability to create inner atomic shell vacancies,
using various energies of excitation radiations, is determined from

the photoelectric cross sections (t) of the elements. Figure 1 illus-



trates x-ray photoelectric crOss’sectién curves for Ang(3;0 keV),
MoKa(17.4 kéV), and TbKa(44.2 keV) x-rays (4). -As'shown, Aglg

x-rays are over 2000X more efficient than TbKa x-rays for producing
photoelectric interactions with the elements Al - Cl. Likewise,

MoKa x—rayS'are approximately 15X more efficient than TbKo x-rays

for producing photoelectric interactions with the elements Al + Sr.
TbKa x;rays are efficient for producing photoelectric interactions with
the elements Y =+ La.  Consequently, excitation rédiations of more than
one energy are utilized separately for analysis of a range of elements.

Only a fraction of the vacancies created in a particular

energy level are filled by transitions which result in the direct
emission of x-rays. Some vacancies are filled by transitions in-
volving the emission of Auger electrbns. The fraetion of vacancies
filled by transitions which directly yield x-rays is known as the
fluorescence yield value (w). Figure 2 shows curves of theoretical

values of w (5,6) for a wide range of elemeﬁts for the K and LIII
energy levels. ‘K.x—rays are ﬁsed for the analysis of elements up

to atomic number 57 (La) and L x-rays are utilized for the higher
atomic number elements. The“&alhes of w are not influenced by the
experimental cénditibns{_ Low fluorescence yield values and major

~absorption effect problems either limit sensitivities attainabie

or prohibit the analysis of very low atomic number eléments in

aerosol specimens.



Instrumentation and Characteristics'_.

Three different x-ray spectrometers were utilized during
these studies to determine the elemental composition of aerosols
collected on filter media and impactor films. The éharacteristics
of these spectrometers, as well as a listing of the elemenfs deter-
mined by each, are listed in Table I, aﬁd the spectrometers are illustra-
ted in Figures 3-6. Both 512 and 1024 channel pulse height analyzers
were used to acquire the x-ray spectra. Corrections for system
dead times were made using gated clocks that measured the total

system live times. More complete descriptions of these spectrometers

have been reported (7-9).

Calibration Methods

Aerosols collected on filter media or impactor films
can,vin'genéral, be considered as thin specimenﬁ. For most analyses
the concentration of aﬁ element, mj(ug/cmz), is directly propor-
tiopal to the ihtensity, Ij’ of one of its characteristic K or L
x-ray lines and may be expressed as

Ij = ijj ‘ ' ' (1)
- where Kj is a sensitivity factor for the element j.

For any given geometry and for constant exciting radiation
.intensity, the relative ability to excite and detect various x-ray
lines from "infinitely" thin .specimens may be calculated as previously
reported (7). Standardization of a spectrometer for a single element

is achieved using a thin-film standard. The standard is prepared

thin enough so that absorption effects are negligible (v100 ug/cmz).



Calculated values of Kj for x-ray lines from eight elements
have been reported which agree to within several percent of
measured values from evaporated thin-film standards (7). In
effect, standardization for exciting radiation intehsity and
total system geometry is made with é single element thin-film
standard,'and factors converting countS/sec.'to ug/cm2 for the
other elements are calculated.

A thick, pure Si disk is used to standardize spectro-
meter C for the analyses of the 1ower'2 elements, since a truly
thin uniform standard with negligible absorption effects would be
difficult to prepare. We define the mass of a thick element disk as

m = 3.92/(n csch; *+ ugCsco,) - , (2)

thick
where He and Mg afe the total mass absorption coefficients of the
element for the excitafion and fluorescence radiations. The angles
formed‘by the excitation and fluorescence radiations with the

disk surface are ¢1 and ¢2, respectively. Since mass Mhick represents
the mass for which only 25% of the radiation (excitation X fluores-
cence) is not attenuated, themmass of the disk for calibration purposes

equals m /4.0. We have used thick disks to standardize for Al

thick
and S and have obtained agreements to within 5% of the calculated
‘-relative excitation-detection efficiency values normalized to Si.
Data Processing

X-ray spectra of the collected aerosol specimens are re-

corded on magnetic tape and the analytical computations are made by



a Control Data 7600 computer. Although our progréms have been
established for the analyses of many types of specimens, much less

than 50 K of core space would actu;IIy be fequired for the analyses

of aerosols only. The analyses programs are performed in three steps.
First, the‘x—ray spectrum background due to the scattered exciting
radiation is removed; secondly, the interferences due to overlapping
x-ray lines.are unfolded, and thifdly, the concéntrations of the
elements in the original air sampled are caléulated from the intensities
of the appropriate x-ray lines selected for analysis.

.The shape of the scattered exciting radiation background
is simply determined by bbtéining a spectrum of a blank filter of mass
similar to that of the filters used for tﬁe aerosol collections. The
scattered x-ray background within various energy ranges selected for
analysis are ratioed to the intensities of the incoherent scattered
exciting raaiations. This procedure is possible since the typical
aerosol loadings contribute only a couple of percent to the total
mass of the filter plus collected aerosol, Alsﬁ; the loadings are
of average effective atomic number similar to that of the collection
media. .

Fixed sets of channels corresponding to preselected energy
ranges are employed for analyses and are verified daily. Minor ampli-
fier adjusthents are made, if necessary, to compensate for any slight
instrumental deviation such as a base-line or gain shift. To obtain
high statiétical accuracies, between 70 to 80 percent of the total peak
areas are utilized for the analyses. The peak fractions used are estab-

lished from elemental thin-films. Corrections for overlapping x-ray



lines are also determined from the elemental thin-films by estab-
lishing relationship between individual x-ray peak Shapes ahd inten-
sities. In ‘effect, a series of simultaneous.equations are established
- which compensate for overlappigg x-ray lines occuring over the pre-
selected energy ranges.

| The concentrations of the individual elements present in

the aerosol are then calculated from the individual x-ray line inten-

sities using Eq. (3):

. C. m .
wg(d) . 3 _S 1
3 c Xy X XA (3)
m s j

where

C. and C, are the characteristic x-ray count rates from
element j and the standard element of known mass

m is the standard mass (ug/cmz)

V is the volume of air sampled (m3) per cm2 of the
collection media

Kj is defined by Eq. (1).

A. is an absorption factor to correct for particle size
effects

For most elemental determinations the value of the term Aj is 1.0.
Particle size effects must be considered when analyzing for low atomic
number élements such as Si and Al. Thesebelements have low energy
x-rays, < 4 keV, and are present principally in the large particles,

> 2 u. A fraction of the excitation and fluorescent radiations are
attenuated in the individual particies containing these elements.

The value of the term Aj is determined experimentaily using multiple
energies of x-ray excitation which act as variable depth probes.

Details of the method are reported elsewhere (9).



RESULTS

Blank Substrata

.The different types of collection media utilized during
Phase II of the ACHEX program were (1) washed Gelnan GA—l-Cellulose
ester membrane filters for total and after filters of two—nour aerosol
specimens, (2) sticky polyethylene films for Lundgren impactor sur-
faces, (3) Whatman 41 cellulose ester filters for high-volume samples,
and (4) glass fiber filters for total and refined aerosol collections
for two-hour intervals. Table II lists the concentrations of impurities
found in these substrata. Washed GA-1 filters ne;e ascertained to be
suitable for most elemental analyses of aerosol specimens due to their -
relatively low content of impurities. Additionally, they are membrane
surface type collection substrata. Zn determinations were not made for
aerosols collected on sticky polyethylene due to the high Zn content
in the blank. A fraction of the particles collected on Whatman 41 filters
are embedded within the substrate. Although Bomner, et al. (10) have
estimated absorppion corrections for particle penetration, deter-
minations for the elements with K x-rays of energies 3 keV and less
were not made. As shown in Table ITI, the glass fiber filters contained
substantial amounts of impurities. Consequently, the concentretions
of'very few elements (Pb, Br, and in some cases Fej could be determined
for aerosols colleoted on this media. These filters were used prin-
cipally to collect aerosols for carbon and extractable organic

determinations.



'Iﬁtercomparisoﬁs of Analytical Data

A number of aerosol specimens collectgd during the ACHEX
programs were‘analyzéd for elemental concentrations by both XRFA and
instrumental neutron activation'analysis (INAA). The INAA were carried
out at the LawrencevLivermore Laboratory by R. C. Ragaini and co-
workers (11). Although there was some overlap in the elements analyzed
by the two teéhniques (i.e., Al; Ca, Ti, Mn, and Br), the use of both
methods permitted the elemental conceritrations to be determined for a

o
much broader range of elements. Generally, reasonable agreements were
.obtaiﬁed by the two teéhniques for most.analyses, although some discre-
pancies, which will be discussed, did exist. '

Table III shows a comparison of data obtained on high volume
aerosol speciﬁenS'collected during ACHEX II. Two determinations were
made by XRFA, one beforé and one after.the INAA. In most cases,. the
second XRFA yielded lower ?esﬁlts which were usually'in good agreement
with the INAA results. Most likely, the Ca, Ti, and Mn losses can be
éttributed to physical handling problems during shipment as well as
during the INAA. These elements are usually present in the larger par-
ticles, > 5 yu.  The Br losses might be ascribed to a volatile loss
duriﬁg the INAA.

For aerosol specimens collected for two hour intervals on
Gelman GA-1 filters, the discrepencies between the_XRFA and INAA results
were generally smaller for the 1érgé barticle elements. This can
quite 1ike1y be ascribed to the fact that a lower particle size cut

point was used during the collection of these specimens.
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Elemental Parficle Size Distribution Data.

Figures 7 and 8 illustrate some of the elemental particle
size distfibution data obtained during ACHEX II. The Na, Al, and V
results were ascertained by INAA. Al, K, Ca, and Fe are predominantly
present in.the larger particlés ;nd are usually thoughf to originate
principally from mechanical processes, such as wind-blown soil dust.
S, Ni, Br, and Pb are predominantly present in the_submicron size range
and originate directly as a result of combustion or indirectly ~
from‘secondary chemical processes. In Californié, V in the small par-
ticles is generally thought to originate from combustion of fuel oil or
from refinery processes. The ratio between V (INAA) and Ni (XRFAj results
for eleven after filter specimens collected at the four sites during
ACHEX II was 0.77 * .04. Consequently, Ni may well serve as a tracer
element equivalent to V in the Los Angeles‘South Coast Basin.

Tables.IV—VII list comparisons of the sums of impactor stages
and after filter data versus the total filter data. Typically, during
the ACHEX II programs, the sum of the sized aerosol fraction results for
elements principally present in small particles (S, Ni, Br, and Pb) agreed
to within * 15% of the total filter results. Hoﬁever, as much as 50%.
of the iérge particlés are lost during the collection of the sized aerosol
fractions as indicated from the data for the elements which are present
mainly in the larger particles (K, Ca, Ti, and Fe). These losses most
likely can be attributed to bounce off and wall losses in the Lundgren
four stage impactor (12).

Table VIII lists the elements present in Californié aerosols,
which we determined by XRFA duripg the ACHEX II program. Additionally,

the concentrations and the particle size range in which these elements
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were typically found are listed. Those elements enclosed in brackets
were seldom present at measurable levels. Elemental diurnal patterns
were usually established for each episode for the elements S, K, Ca,

Ti, Mn, Fe, Ni, Zn, Br, and Pb. .~

Sensitivitiés
Tablés IX-XI list the sensitivities (30 values) for the clements
determined with each spectrometer. In each case the values listed are
for ten minute counting periods. Sensitivities attainable‘using spectro-
meter C have subsequently been improved (9). Figures 9-11 are spectra

acquired, using each of the spectrometers, of aerosols collected on filter

media. The Values listed are in ng/cmz.

SUMMARY

The State of California Air Resources Board sponsored major
experiments to study the chemistry and evolution of aerésols in urban
and non-urban sites of California.. These experiments, which were carried
out from 1972-1973, consisted of intensive studies of 24 hour episodes.
A number of institutions and laborafories participated in these Ftudies.
The programs were carried out under fhe,direction of G. Hidy of the Rock-
well International Science Center. The principal objective of the Aero-
sol Characterization Experiments (ACHEX) were:

1. To chéracterize the aerosols in terms of their physical and
chemical properties.
2. To investigate the évolution of aeroéols.

3. To estimate the primary and secondary aerosol contributions to

the total airborne particulate concentration.
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4. To evaluate the significance of both natural and anthropo-
genic soﬁrées in the evolution of the respirable énd visabiiity
degrading fractions of aerosols.

Elemental analyses of aerosols cdliected for two hour
intervals during intensive episode studies, together with other
chemical, physical, and meteorological data,»assisted-in studying
the evolution of aerosols in California. The'elemental data were
also used to estiméte the contribution of natural, primary, and
secondary‘sources to the total airborne partiéuiate matter. Uéiﬁg
X-Réy Fluorescence Analysis (XRFA) techniques 1100 aerosol specimens
were analyzed. Diurnal aﬁd particle size distribution data were.
attained for many elements in aerosols collected for two hour intér—.
vals. These data assisted in accomplishing the above listed objec-

tives of the ACHEX programs.
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Table I.

Spectrometer A

Spectrometer B

Spectrometer C

Detector
Electronics

Resolution at
5.9 keV

X~-ray tube,
power

Excitation:
method

Total area
of specimen
analyzed

Elements
determined

Grounded guard-
ring

Pulsed-light
feedback

~ 225 eV

Mo transmission
20 watts

Direct

1-3 cm2

S » Sr, Hg, Pb

Guard~ring
reject

Pulsed-light
feedback

~ 190 ev

W, 50 watts

Secondary
targets

5 cm2

St + Ba

Top-hat

Pulsed-light
feedback

~ 175 ev

Ag, 50 watts

Direct and

secondary targets

1l cm

Mg - Cl




Element

Ca-
Fe
cu
Zn
Rb
Sr
Ba

Pb

GA-1

0.031

0.058

- 0.004

-16-

Sticky
polyethylene

N.D.

0.02

0.6

N.D.

N.D.

Table II. Blank Filter Impurities (ug/cmz) *

Whatman 41

* Values uncorrected for filter absorption effects.

Glass
Fiber

42

41

2.6

N.D.

167

0.41

0.67

3.8

0.12
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Table I1I.Comparisaon of data determined by XRFA (LBL) and INAA (LLL).

Specimen - Ca Ti Mn Br
TA0151HV XRF-1 1470 70 210 + 42 46 + 4 302 + 12
INAA 1329 + 450 125 + 50 34 %1 . 2599
_ XRF-2 1120 % 60 124 £36 34 +3 252 + 10
TB0153HV XRF-1 2060 + 100 ~ 308 £ 85 76 £ 5 749 + 30
INAA 2526 + 660 326 + 81 54 + 2 555 £ 16
XRF-2 1610 + 80 226 + 67 59 4 634 % 25
TCO153HV + XRF-1 2530 + 130 328 £ 106 83 + 6 733 + 29
INAA 2278 + 328 301 + 93 64 + 2 639 + 23
XRF-2 1930 + 100 240 + 73 59 +5 642 + 26
TDO154HV XRF-1 2110 £ 110 270 + 77 64 + 6 568 + 28
INAA 1843 + 754 251 + 92 46 + 2 521 + 15
XRF-2 1700 + 70 183+ 52 42 + 6 534 121
TE0155HV XRF-1 1340 + 70 209. + 28 48 + 3 221 + 9
INAA 1400 + 484 290 + 128 34 +1 420 £ 15
XRF-2 984 +49 123 + 32 33 £ 3 407 + 16
UF0156HV XRF-1 1890 + 90 275 + 61 71 + 4 473 £ 19
INAA 2249 + 247 297 + 67 59 + 2 433 + 16
XRF-2 1560 + 80 193 £ 53 58 + 4 432 +17
VHO158HV XRF-1 3780 + 190 £289 + 43 92 + 4 289 %12
INAA 4764 £369 219 +63 80 + 3 217 1 6
XRF-2 3240 + 160 192 + 44 . 80 %4 257 + 10
V10159HV XRF-1 3730 +-190 300 .+ 42 89 + 4 312 £ 12
INAA 4705 + 376 355 + 65 74 % 2 - 260 £ 9
XRF-2 2980 £ 150 194 £ 50 72 £ 4 269 + 11
VJO0160HV XRF-1 3150 + 160 384 + 46 86 + 5 162 + 6
" INAA 2706 + 321 265 £ 64 131 £ 4
XRF-2 1810 £ 90 185 + 28 42 + 4 130 ¢ 5
WKO161HV  XRF-1 1280 + 60 152 + 85 42 13 251 + 10
INAA 1308 + 70 181 + 56 ¢ 40 £ 1 203 + 6
XRF-2 1120 % 60 114 + 81 37 £ 3 223 +9
WL0163HV  XRF-1 1450 £ 70 199 + 44 54 4 1190 % 50
INAA 1936 £ 60 <148 44 £ 2 1212 + 34

XRF-2 1100 + 60 125 + 51 40 13 1140 % 50




Stage

4
AF
Z(1+AF)
TF

2(1+AF)/TF

u

12.4
5.6
2.5
0.9

0.2

<400
<400
460160
3200%300
10500%1500
14200
15200%1500

.93

Table IV. Elemental aerosol size fraction data (ng/ms).

West Covina - episiode TB 7-24-73 1200-1400

329%38
107%27
171%27
<78
303£59
910
1690%80

.54

Ca

395%60
204157
325%59
- <60
16630
1090
2090%80

.52

Ti Mn
7927 5%2
17%6 32
29%6 - 42

<15 <7
© <40 9%5
125 21
392298 93t7
.32 .23

Fe

916%31
344713
38816

1044

- 306%12

2060
135802140

.57

Ni

<3

<3

46
53%4

.87

- 696

735%29

.95

184%7
39616

2930%120

_81-.

3600
3890150

.93



Table V. Elemental aerosol size fraction data (ng/ms)

Pomona - episode UF 8-17-73 1200-1400 | .

| <

Stage . S K Ca Ti Mn Fe Ni . Br Pb | e

| | | o | @

1 12.4 <400 512%51  e82f34  177l25 234 1360%50 5%2 2413 87%4 R

2 5.6 <400 100%28 172%17 26%5 753 242%10 3t1 20%2 5312 R

3 2.5 820%160 153228 214%17 40%17 10%3 374%15 4%1 51%2 187%8 . o

4 0.9 55008600  113%28 58*15 <18 53 13615 g1 140%6 59324 . oL

AF 0.2 75003800 <156 35229 <35 2055 167%7 | 473 272%11 2020180 v e

% (1+AF) 13800 878 1160 243 65 | 2280 67 507 2940 z:
TF 12300%1200 11501120 2110%80  -395%94 84%7  3420%140 67t4 50720  3020%120

L (1>AF) /TF 1.12 .76 .55 .62 .77 67 1.00 1.00 .97



Table VI. Elemental aerosol size fraction data (ng/ms)

Rubidoux - episode VH 10-6-73 1200-1400

Stage " S K Ca Ti Mn Fe Ni Br Pb
1 12.4 <400 494%43 825134 103*13 . 19%4 951*30 2%1 12%2 3213

2 - 5.6 <400 207%28 400%20  44%t17 . 742 386116 <3 12%2 3612

3 2.5 <400 17§t29 453%23 44%6 8%3 349%14 2%1 2412 93%4
4 0.9 1300¥200 98127 6315 <15 <7 . 5613 o 4%1 5912 244%10
AF 0.2 2600£400 <156 107%29 <24 <12 9415 612 1456 867%35

% (1-AF) 3900 978 1850 191 34 1840 14 252 1270
TF _ 5300¥500 1370%140 3280%130  340% 39 69t6 3150130 10%3 294*12  1500%60

L (1+AF) /TF .74 71 .56 .56 49 .58 1.4 .86 .85 -

_OZ..



Stage

4
AF

% (1+AF)
TF

% (1+AF) /TF

12.4

5.6

2.5

0.9

0.2,

Table VII. Elemental aerosol size fraction data (ng/ms)

Dominguez Hills - episode WL 10-11-73 1200-1400

S K Cg Ti
<400 87138 13721 29%12
<400  76%¥27  101%16 14%10
<400 112%28 11416 215

- 350%150 <83 41%15 <15
29005400 <178 84%29 <31

3300 275 477 64
4400400 220%68  424%37 <89
.75 1.25 ©1.13 -

32
<7
<7

4%2

1315

20

+

26-6

.77

Fe

192%6
934
91%4
58%3
81%5

515

561122

.92

Ni

64

80%4

.80

Br

Pb

102%4
782131

1000

1130%50.

.89

—IZ'



Table VIII.

-22-

California Urban Aerosols

Particle diameter

> lu-

Conc. range (ug/m3)

> 1
0.1 -1

0.01 - 0.1

0.001- 0.01

Al, Si, Ca, Fe

K, Ti, 2n, (S)

Cr, Mn, Br, Sr, Pb,

(Ba)

Ni, Cu,(Ga), (Rb)

S, Pb
Ca, Fe, Br, (K)

Ti, Ni, Cu, 2Zn, (V), |
(As), (Sn), (Sb), (I)

Mn, (Se), (CA)
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Table IX. Theoretical Limits of Detection, Spectrometer A

Media Gelman GA-1 : Sticky polyethylene
2, '

Mass (mg/cm”) 5.0 5.0

Air volume 0.75 ) 2.40

sampled (m /cm)

Area analyzed (cm2) 3 1

Element and spectral line

SKa 900 ﬁg/m3 480 mj/m3
ClKa ‘ 420 220
KKa 140 100
CaKa 65 55
TiKo : 26 19
VKa | 21 15
Crka 17 10
MnKa 12 8
FeKa 13 10
NiKa ' 5 | 5
CuKa 8 »' 5
ZnKa v , 5 12
GaKa ' 4 5
ASKQ ' 5. 4
SeKo 5 ' : 4
Brxa 7 5
RbK(: | 10 | 8

continued
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Table IX continued

——

Media Gelman GA-1l Sticky polyethylene
SrKo 12 9
HgLo. 9 7
PblrLa 9 7
PbLRB 23 19




000 udd049 6
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Table X. Theoretical Limits of Detection, Spectrometer B

Th Secondary Target

Media Whatman-41
Mass-(mg/cmz)' ) , : 9.0
Air volume _ ' : , 3.0
. sampled (m™~/cm®)
Area Analyzed (cmz) | | | . 4
Element and spectral line
SrKOo B ‘ 17 ng/m3
YKO. . 16
ZYrKo 14
NDbKO.. . v 12 - ,
MoKo - : 11 |
PdKo 10
AgKo | | 9
caxa ' 10
InKa : 12
SnKa . ' | ' ‘ 13 -
Sbka 13
TeKo 14
IKO | 17
CsKo ' 28
/
BaKo 38

LaKa - ' 56
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Table XI. Theoretical Limits of Detection, Spectrometer C
. Media | ' Gelman GA-1
Mass (mg/cmz)' ' 5.0
Air volume o 0.75

sampled (m3/cm?2)

Area analyzed (cm2) _ 1

Mode Zxr secondary Ag secondary '~ Ni secondary = Direct.
target target target Ag filter

Element and
spectral line

MgKQ - - - - 320 ng/m3
. Alka 900 1400 7200 130

SiKo. N : 560 N 700 /3500 70

SKa. | - 400 1400 40

ClKa - 370 900 40

Cako - . 200 -

TiKo, - R 130 -

FeKa ' - - 120
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'FIGURE CAPTIONS

"Photoelectric cross section curves for 3.0, 17.4, and 44.2

keV photons.

Theoretical fluorescence yield curves for the K and LI I

. energy levels

Spectrometer A. X-ray fluorescence analysis technique
employing direct excitation using a Mo transmission x-ray
tube.

Spectrometer B. X-ray fluorescence analysis technique using
a W anode x-ray tube and secondary targets to provide the
exciting radiation.

(Goulding-Jaklevic, E.P.A. type x-ray spectrometer).

Spectrometer C. X-ray fluorescence analysis technique
by direct excitation using a Ag anode x-ray tube.

Spectrometer C. X-ray fluorescence analysis technique
with a Ag anode x-ray tube and secondary targets to

provide the exciting radiation.

Elemental particle size distribution data for aerosol
collected at Rubidoux on 9/19/73 between 1200-1400.

Elemental particle size distribution data for aerosol
collected at Dominguez Hills on 10/5/73 between 1000-
1200. .

Spectrum of a total filter aerosol specimen collected
for a two hour interval. Spectrum obtained using spectro-
meter A. '

Spectrum of a Hi-Vol aerosol specimen collected for a
24 hour period. Spectrum obtained using spectrometer B.

Spectrum of a total filter aerosol specimen collected
for a two hour interval. Spectrum obtained using spectro-
meter C in the direct excitation mode.
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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 Energy Research and Development Administration, 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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