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PHOTON INDUCED X-RAY FLUORESCENCE ANALYS!S ,

. USING ENERGY DISPERSIVE DETECTOR AND DICHOTOMOUS SAMPLER
J. M. Jaklevic, B. W. Loo and F. S. Goulding

- Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720 U.S.A.

|NTRODUCTION

in recenT years X- -ray. fluorescence analysis has emerged as a very power—:
ful Technlque for the elemenfa! analysis of environmental samples. Several
IaboraTorles are currently applying the technique to the analyS|s of air-
borne parficulafe matter. The samples typically consist of uniform deposits
of par+1cula+e matter colTecfed on a thin clean substrate making them ideally
suITed for non~des+ruc+|ve X- ray analysis. ‘

Tradlflona||y X-ray tubes have been employed to excite the fluorescence
in‘samples and crystal spec+rome+ers were used to- d|sperse and analyze the
characferisfjc Xfrays.accordiog fo their wavelength. The devefopmehT of.semi—
conductor detectors has made possible fhe'use'ofvenergy—dispersive spectrom-
eters together with either heavy charged particle or photon echTaTion. The
charged particles are typically 3 MeV protons or 16 MeV alpha particles which
have been generated by an accelerafor., Al+erna+ive1y; phoTon echTaTion"by
monochromatic or broadband X-rays generated either in a X—ray tube or radio-
|so+ope source can be used. A |

Energy- dlsper51ve analysis with charged particle exc1+a+ion and wave-
length-dispersive analysis are discussed in Chapters 2 and 3 of this book.

We shall describe an ehergy dispersive X-ray fluorescence system using photon
excitation which 'has been designed for a large-scale aerosol sampling nefwork.
In.addition to providing the required sensifiyify for air particulate analysis,
the X-ray unit has been designed for fully automatic operation as an infegral
part of a complete sampling, analysis, and data handfing system. An automatic’
air sampler has been developed capable of acquiring particle size-segregated
aerosol specimens-which are compatible with the X-ray fluorescent unit. This
discussion of the complete system is limited by the scope of the present

paper- previous publications give a more complete. descr|p+|on of the IGLhanUOo
“employed.!=5

*Work supporTed in parT by the Energy Research and Development Adm|n| stration
under Interagency Agreement with the Environmental Protection Agency.
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X-RAY FLUORESCENCE SYSTEM BASIC CONCEPTS

A simpliffed schematic of an X-ray fluorescence technique is shown in
Fig. 1. Primary radiation is incidehT on the sample where it interacts to
produce vacancies in the inner atomic shells which then deexcite to produce
the characteristic X-rays of interest. These X-rays from the sample are +hen
detected, and their energies are measured by the semiconductor detector
specfroméfer.

Thg semiconducfor defecfor épeéfromefef converts the energy of the inci-
dehT.X—ray into a voltage pulse whose amplitude is proportional to that energy.
A multichannel analyzer is used to accumulate a histogram of the pulse ampli- -
Tude 5pec+rum. The energy resolution of the semiconductor defecTor spectrom- ‘
efer-is more than adequate to separate X-ray lines from'eleménTs of adjacent
atomic numbers. As such, it is capabie of perfdrming'simu|+aneous multiple
element analysis for typical aerosol samples. The area of the individual
characteristic X-ray peaks in the spec+fum is propor+iona1 to the concentra-

tion of the various elements in the sample.

DESIGN OF EXCITATION SYSTEMS

‘An X-ray tube was chosen as the primary excitation source because of its
higher output compared to generally available radioisotope sources. The
requirement. Yo analyze 100 or more samples per day requires the highésf pos~
sible counting rate. Photons incident on the sample interact eifhervby the
photoelectric effect to produce the desired inner-shell -atomic vacancies in
the elements of interest or by scattering mainly from the atoms in the low
atomic number substrate. These scattered X-rays constitute an unwanted back-
ground which set the de+ec+ion |imi+ for +He f luorescence measurement.

Figure 2 is a schematic of a spectrum produced by monoeﬁergefic X-rays
.exciting a low atomic number filter substrate containing a few trace elements.
The coherent (Rayleigh) and incoherent (Compton) scattering peaké occur at
or just below the energy of the incident X—raysf. For good sensitivity the
fluorescent X-rays of the elements must not overlap the scatter peaks. This
effect favors the use of monoenergetic X-ray excitation sources rather than

broadband excitation which would distribute the scattered radiation over the
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~entire range of energies.. However, the probab|l|+y of producnng fluorescent
excitation of an element |s greaTesf when the exciting X-ray energy just
exceeds the binding energy of the etectrons in the appropriate shells and
falls off rapidiy with increasing excitation energy. This implies that very -
low energy characteristic X-rays are not efficiently produced by monochromatic
radiation of high energy, thus limiting the range of elements which can be
sensitively measured with a single exciting energy. ‘This effect compensafes
for some of the disadvantages of continuous excitation cited earlier. In
some cases, .such as the analysis for very light elements (Z < 20), the use.of
cohfinuum‘excffafion may give .better sensitivity than monoéhfomafic excitation.

In order to cover as broad a range of elements as possible with optimum
excitation we have chosen to employ three meésuremenfs on each sample using‘a
different X-ray exéifafion energy for each. This is accomplished.by operating
in a secondary fluorescence mode in which the continuum radiation from the _
X-ray tube anode is incident on a secondary. target whose characteristic X4rays
are then used to irradiate the sample. This méfhod of generating nearly mono-
energetic X-ray eXClTaTIOn has the advanfage that it can be performed exter-
nally by mechanlcally swufchlng the secondary target.

Figure 3 shows a cross section of the fluorescence geometry. The secondary

Targé+ is in the form of a sheet metal enclosufe which is moved as a’jnfégral
assembly with The‘collimafors. The secondary targets, principle excitation |

energies, and range of atomic numbers analyzed by each are as fol lows:

i) Ti, 4.5 keV, 13 2€20,

i) - Mo, 17.4 keV, 20€Z<38 together with the L X-rays for heavy elements
Pb »and" Hg, .

§ii)  Tb, 44 keV, 38€Z<56.

The X- -ray tube is of a special des:gn that prOJecfs +he electron boam
'Through a narrow tube onto a grounded anode. _This allows for a tight qcomefry
between secondary targets and the sample Using this close coupled gcometry
we achieve maxnmum counting rates (15,000 counts/sec) with a X- ray tube power

d|55|pa+|on well below 100 watts.
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DETECTOR CONSIDERATIONS -

'A'Iow—backgroﬁnd guard-ring detector is used in the spectrometer to
ensure low background in the region below the scatter peaks.® A pul sed-11ight
feedback'eleéfronic system is used to provide good energy resolution and high
counting rate capabilities. Of particular interest in our most recent X~-ray
fluorescence system is the use of a pulsed X-ray tube to provide a greatly
increased oufpuf coun+|ng rate.  In this system an X= -=ray tube control grid
is operaTed in a feedback toop with the detector output in such a way that
the tube islpulsed off.when the electronics is processing a signal and turned
on only when the system is prepared to analyze an event.? The effective out-
put counting rate can be increased two to three times using this method while

still limiting pulse pile-up fo a tolerable value.

SAMPLE FORM AND CALIBRATION

The present system has beén designed'To'accommodafe airvpér+iculafé sam-
ples collected by f|I+ra+|on These samples consist of a thin, uniform deposit
of particles collected on clean membrane filters con5|sT|ng of cellulose, poly-
carbonate, or other hydrocarbons. Glass fiber filters generally contain sub-
stantial amounts of elemental éonTaminaTes which interfere with the anéIysis
and are not suitable for these applications. o

The calibration of the X-ray analyzer consists of converting the observed
characteristic X-ray counting rates to concenTraTién'of elements expressed as
ng/cm? on the filter. A'simﬁle mode! can be used to describe the re(aTive
efficiency for detecting X-rays as a function of concenTrafion of a given ele-
ment. -‘For samples in which the attenuation of the fluorescence X-rays can be
neglected, the counting rate for a given characteristic X-ray can be expressed

as

b, = IOAG Ki Pi

where IO is the X-ray source infensify; G is a geometry and efficiency factor,

o, is the concentration of element i, and Ki is the relative X-ray excitation
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cross-section. |n this simple case and when osing monoenergeffc excitation,
K ‘can be calculated from a straightforward physical model of X-ray photo-
e|ec+ron interactions.8

In cases where the X-ray energies are low enough that absorption either
within the filter matrix or from the individual particles becomes iﬁporTanT,
an added attenuation correction must be included. It is the magnitude of this
correction and the ability o estimate i+ accurately which constitutes the
major |imitation of the XRF technique in the case of light elements. Several
paperéidecuss[ng‘bofh this problem and calibration Techniouesvih general are
included in this volume. v ' '

Figure 4 illustrates the operafion_of the X-ray fluorescence system in a
completely automatic mode for large-scale analysis applieafions;' The aerosol
samples are collected onimembrane filters mounted 'in a standard 5 cm xe5 cm
holder which is compatible with the standard 35 mm slide projector hardware
uSed‘ih:fhe'aUTomafiC‘sample haodling.' An automatic stack loader is used to
‘sequence the samples through the ‘analysis system. The operation of7The stack .
loader, secondary Targef manipulation, and X- ray “tube controller is Sequencod
by a cenfral control unit programmed’by a small computer. " The compuTer is
also used as a pulse height analyzer and data output conTroIIer.- A speCfrum
analysis program is included in the computer software and‘fhe data are written
on the output tape bogh in its orlglnal spectral form and reduced fo concentra-
tion per unit area. ’ The oquuT data are subsequentiy corrected for filter
attenuation, particle size and possible interelement effects before being
stored in a data bank.?,!0 o ’ ' '

AIR SAMPLER DESIGN

RouT|ne collec#|on of aerosol par+|c|es on a ‘membrane Type fllfer is a
sTralghTforward problem requiring that a known volume of air be drawn through
the flITer using a vacuum pump. Flow rates of 5 to 10 SL/mln/cm2 of the fil-
ter can easnly be achieved. At this raTe it is possuble Yo observe major ele-
mental constituents of the urban aerosol in samples of 30 min or less. More
Typioaily, sampjesbare acquired in 2 to 6 hoors or longer depending upon the

nature of the monitoring problem.
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Recent air sampling requirements have emphasized the collection of par-
ticulate samples each representing a different parTicle size fraction of the
aerosol. In particular, it is important to collect the two major components
of the bimodal urban aerosolll as separate samples. I+ has been established
that the fine particle accummulation mode with a peak at about 0.3 um mass
median diameter consists primarily of the combustion products while natural
and mechanically generated aerosols are usually over several microns in size.

A size cut at about 2 um corresponding to the minimum inYThe b imodal voiqme

or mass distribution not only separates the parTLCles according to their origin,
and hence chemical properties, but also renders the procedure for X-ray attenua-
Tton ‘corrections more manageable

The most widely used sampllng Techn|que for acquiring size segregated par-
ticles involves the removal of the particles from the air stream by impaction
on a plate. Figure 5 illustrates a +ypical'impacfor.sfage. The air is direct-
ed through a narrow slit onfe,an opposing surface causing the streamlines to
turn abruptly. Particles in the air stream experienceifhe opposing forces of
the viscous inferaefion in the air and the inertial tendency to travel in. a
straight line. The viscous force is proportional to the cross sectional area
of the particle whereas the inertia 'force' is proportional to the particle
volume. By suitably adjusting the ‘air velocity and average furning radius
particles above a certain effective diameter are caueed to impact onto the
plafe while the smaller particles remain in the air stream. A number of com-
mercially available air sampies utilize this process to collect samples in a
sequence of successively smaller particle size ranges.

This method possess several disadvantages with respect to subsequent X-ray
fluorescence analysis. Patterns of particle deposifione are images of the
narrow slits used in the individual impactor stage. Such small area, high
density deposits do not satisfy the criteria for uniformity and thickness
established earlier. The conventional impactor aleovexhibifs cerfain inher-
ent disadVanTages."ParTicles incident on the impaction surface often fail to
adhere and beeome re—enfraihed fn the air flow. This 'particle bounce!
phenomenon hesulfs invlarge particles being collected in the smaller particle
fraction. In the case where heavy deposits are accumulated on the impaction
surface, the surface particles can be blown off by the air stream and recol-

lected by a later stage.
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To ‘avoid these problems and to provide aerosol specimens suitable for
XRF analysis, we have designed an air sampler based on the principle of vir-

“ lnstead of a physical plate for an impaction surface, the

+uél'impacTion.
aefo—dynamics are designed such that the 'impaction' occurs into a separate
air volume which can then be drawn through a filter. Figure 6 illustrates

a single circular Jet which is 'impacfed'-infe:a tube with a perfion of the
flow Q1 drawn into the tube with a majoriTy>of the flow Q2 confinuing around
the impaction tube. The large particles should rema|n in the flow Q1 where-
as the small parTncles will be divided between Q4 and Q2 in proportion fo the
relaflve air flows. It is obvious that such a design is free from the prob-
lem of parTrcle bounce and flow-off and, in fact, turns these effects to its
advanTage

| Follow1ng an extensive program of measurlng the properties of such an
lmpacfor stage, we have de5|gned a two-stage virtual impactor W|Th a snngle
cut p0|nT at 2.4 um particle diameter. This ?dlchoTomous‘ air sampler oper-
ates at an |npu+ flow rate of 50 R/mln. The'oufpu+$ of the devfce are passed
through a pair of membrane filters similar to those discussed. earlier. Fig-
ure 7 shows a schematic of the flow Through the system. To ensure s#able'_
" operating conditions, the flow division Q]/Qz and total flow Qg are maintained
constant by monitoring the pressure drop across the fixed orifice in the sys-
fem. This conpensafes for any change . in flow caused by the increased Ioading
on the membrane. Figure 8 shows the effectiveness of the size separation
process The fraction A/A+B is the fraction of parTches which are collecTed
as large par+|cles The fraction of particles. lost through the impaction on
various inner surfaces is also shown. The solid particle losses have been
reduced to a To]erable level which compares favorably with +he performance of
o+her types of air samplers. ‘ _

An automatic air sampler incorporating. The dlchoTomous virtual impactor
as a first stage has been designed and ten such units have been operating in
St. Louis for the pasT year. The sampler accommodates the membrane filter
holder in pairs whnch are aufomaTncaIly sequenced according to a predetermined
sampling schedule. The 5 cm x 5 cm samples are contained in conventional 36
slide cartridges used in photographic elide projectors. These cartridges are
changed as needed and reTurned to a central laboratory for analysis by.X—ray

fluorescence.
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Also included in the program is a To+a|\mass.measurémehf using a beta-
particle attenuation method.3 The filters are gaugéd before and after expos-
ure to the aerosol and the mass difference measured. Such mass differences
can be measured to an overall accuracy of * 10 pg/cm? with 30 second measure-

ments.

RESULTS -

.Figures 9 and 10 illustrate X-ray fluorescenée data taken .on a pair of
filters which were exposed in the automatic dichotomous sampler. The differ-
ence in elemental distribution from the two particle-size ranges is apparent.
The elements Pb and Br are predominantly in the small particle fraction, where-
as Ca and Fe are”mosfry contained in +he.large paETicles. The smal |l aerosol
particles (< 2 um diameter) are assumed to-originate from combusTfon reactions
such as automotive engines for Pb and Br. The 1arge~parTicles'originaTe from
mechanical processes such as wind blown soil -dust.12,13 _.
| Analysis of this type of data from a time sequence of samples exposed
at several sites yields information on Thé time and spatial variation of ele-
mental contaminants in the atmosphere. During the past year over 15,000 such
samples have been col lected using automatic dichotomous samplers at ten select-
ed sites in the St. Louis area. These are currently being analyzed using
photon-excited energy-dispersive analysis and data are being incorporated into
the EPA Regional Air Pollution Study (RAPS) data bank.

Figures 11 and 12 show plots of fine and coarse particle concentrations
for the elements S and Pb in air sémples taken over a period of three days
beginning on July 29, 1975. The fact that S and Pb appear predominantly in
the fine particle fraction indicates that their origin is fn‘combusfion pro-
cesses from fossil fuel power plants (S) and automotive exhaust (Pb). The
difference in diurnal patterns for the data acquired at an urban sampling
station (BAPS site 103) reflects the periodic BehaviOr of automobile traffic
patterns in the Pb concentration as opposed to the slowly varying S levels.

A graph of the concentration as a function of Thé site shows the variation of -

~concentration over a 40 km radius of downtown St. Louis. The behavior of the
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sulfur concenTraTion_jhdicaTes a widespread_backgrouhd Ievei over the enTjre
region whereas the Pb concentration reflects the local traffic densities at
the sampling sites. For example, RAPS sites 122 and 124 are in relatively
remote rural areas apbroximafely 40 km from Sf, Louis whereas siTesilOS, 106;

112 and 120 are in the St. Louis urban area.

CONCLUS ION

Operating experience in using the photon-excited energy—dispefsivé X—fay
fluorescence'apéiysis system has demonstrated Thé applicability bf:fhis tech-
nique fo large~-scale air-sampling networks. This experience has shown that it
is possible to perform automatic sampling and analysisvof aerosol particulates

at a sensitivity and accuracy more than adequate for most air pollution studies.
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FIGURE -CAPTIONS

Figure

—_

. Schematic of the X-ray fluorescence Techniqué.

Figure 2..  The response of the spectrometer for monoenérgeTic photons
striking the sample. The matrix is assumed to be composéd

of light elemenng

Figure 3. Sample - Fluorescer - Detector géomefry employed in the

secohdary fluorescence mode of energy disperSive analysfs.
Figure 4.  Block diagram of'complefe analysis system.
Figure 5. Schémafic of a single impactor stage.
 Figure 6.  Schematic of a virtual impa;TiOn‘orffice.

Figure 7. Fflow diagram for a dichotomous virtual impactor. Filters

A and B are membrane type filfers. 

Figure 8. Particle size cut characteristics and particle Ioss 

measurements for the dichotomous sampler.

Figure 9. Photon exciféd energy dispersive analysis spectrum of a

membrane filter containing the small parficle fraction.

Figure 10. Photon excited energy dispersive analysis spectrum of a
' membrane filter cohfaihing the large particle fraction.
Figure 11. S and Pb concentration as a function of time for an

urban sampling site.

Figure 12. S and Pb concentration for the complete network of

stations averaged over the three day sampling period.



PRIMARY
RADIATION

EJECTED
ELECTRON

INCIDENT"
- PHOTON

CHARACTERISTIC

FLUORESCENT M
X-RAYS

DETECTOR
SPECTROMETER

(a)

' _Figuré 1.

Séhemafic of the X-ray fluorescence technigue. .

~

FLUORESCENT
X-RAY

-zl

re8y-181



3= . . 1BL4s34

p OIS ~ COMPTON [
| SCATTERING || -
IN SAMPLE o
N SAMP COHERENT
|| scatTer
| compon | | 4| SIMPLE
SCATTERING S 1y
INDETECTOR |
FLUORESCENT X-RAYS FROM SAMPLE o

Figure 2. The response of the SpecTromeTer for monoenergetic-
‘photons striking the sample. The matrix is. assumed
to be.composed of light elements, S



secondary fluorescence mode of energy dispersive analysis.

SAMPLE HOLDER |

wanode :

WITH FILTER

N

/

- X-RAY TUBE \\\ N / o
QAR - Collimator =
W \\\\\\\\\\\\\\\\\N / S
‘\\\\\\\\‘\\ .
el .
AT I Seemeds S
\\\\\\\\\\\\\\\\\‘ §' 4mm § \ ¢ ’
\\\\\\\\\\\ / ] " §
' N 3mm depth
. _6mm —» '4— : :\
Ta Shielding N ' »dlameter :\
Al Shieldihgégg ' ?§
| % | DETECTOR § A
0 1 2 ‘ 3
SCALE: Inches
Figure 3, Sample - Fluorescer - Detector geometry employed in the

SECONDARY TARGET

XBL 731-102 .

_Vl_

ye8y-1d1



SECONDARY
FLUORESCERS

PULSED
X-RAY TUBE

DETECTOR

LBL-1854

— - - — -
) ¥ "
[ o | I
[ — |  nomame |

STACK LOADER|

IN
‘\ CRYOSTAT
CONTROL & PULSE HEIGHT| | ANALYSIS
'MONITORING ANALYSIS | | SEQUENCING |
\ l / ~__[mAGNETIC
- ‘ | TAPE
| T1 960A COMPUTER put | L2
TELETYPE FoUT .l DATA ANALYSIS &  |oo1PUT -
EXPERIMENT CONTROL TELETYPE
| PRINTOUT
XBL 743-539

Figure 4. B[ock‘diagram of complete analysis system.



-16- LBL-4834

| *+I
JET !
L
S .
y
% N PLATE %%%
/////////////(/////////////////////////////// . //%

Figure 5. Schematic of a single impactor stage.



-17- o . LBL-4834




~18- : LBL-4834

VL

\
N

MMMV ASA NN NN
—_—
TN
SARANY AN
ni_)///
o
. [ d
I 4
[ .
o .

I
I
|
' ' | :
(>2pum) " «<2pm)
|
_ |
|
I
|
|
|
FLOW |
. LIMITING FLOW
ORIFICE MONITOR
B
|
contRoL — X J&—-——--- -
VALVE '
TO PUMP

XBL 740-1020

Figﬁre 7. Flow diagram for a dichotomous virtual impactor.
' Fiiters A and B are membrane type filters.



100 4 ‘ SENRIE T - 1 © T
80 |- \ A —
| ~ — A/(A+B) |

PERCENT

7y /~ SOLID PARTICLE LSS

'PARTICLE SIZE (um)

XBL 751-124

Figure 8. Particle size cut characteristics and particle
' loss measurements for the dichotomous sampler.

| /LIQUID PARTICLELOSS 7

-6l-

vegy-1a1 -



8000

16000

COUNTS

.. 4000

2000

" FILTER B 2y

1

- Pb .
|
R e It
\ back -
2 P scatter
“ - \?' W ﬁnpoh.
| | I
i ’ Br || it
a no J]
E Lo l\ / }Xcoh
} o U Lo ; .
s o ; ros :.'.'\ a._v . Vi
i | | I [ ooy ] S|
=1 ]\ I3 .’ \ _ I : Y A W E
S I ok Cul b |
P A T MR N A e s
\J\T_;.\,./v = LI i.« |

Figure 9.

5 10

X-RAY ENERGY (keV)

Photon excited energy dispersive analysis
spectrum of a membrane filter containing the

smal | particle fraction.

NBL 7411-8527

_OZ_

rE8y-181



'COUNTS

| ~ FLTER A (>2p) o
4000}~ Ca | - 4 o
| \ | o - I' x0.1 <
-' ..'
3000 - | o o ~ iback-T] -
B | ‘ .~ Pb jscatter SF
AT koa B R - incoh. @
3 : ﬂ : \ , A /’ " : ‘ | B
oo ) . | s N
2000 | | R Y B B
N .. s ‘ “”ﬂ j‘ | %Jf i . o~
\ -~ Zn I l\ ,,.'- | .;‘}c.oh. ~
| e re || \ It
_ ] . ) | . 1 [ R .l,. !.' ‘ .
1000Cl{ i | N TN RV R
AT i i I R
POl RTE Mgy Cuyl TR - F
SO R Ve AT ity . r
L0y Nifi L e 1
R VANE il . L ©
5 10 .15 S
¢

- X-RAY ENERGY (keV)

Figure 10. Photon excited energy dispersive anélysls : ){BL;7411-8526 :
spectrum of a membrzne fiiter containing
the large particle fracticn '



MICROGRAM/M 3

MICROGRAM/M 3

~22- o LBL-4834

18 T 1 T T

16 | - SULFUR |
: SITE- 103

14 |- .o ElNE,]PARTICLE\S 7

. -6 COARSE PARTICLES

12 S e s

10

210 211 . az 2
- T ] B | V
LEAD 7
SITE 103

o FINE PARTICLES -
s COARSE PARTICLES|

0.2 4 A , , 2an A
R - RN Y-S\ X AAD A v
L ] 1222 9§ 48 e
210

Figure 11. S and Pb concentration as a

.21 . 212 . . 213
“JULIAN DAYS |
' : XBI, 763-656

function of ftime for an urban
sampling site.



MICROGRAM/M3

MICROGRAM/M®

[
O.

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

-23~- LBL-4834

L I i 1 1 L | ] T I

SULFUR -
FINE PARTICLES |
DAY 210-213

T DA NEA DN NN NN U DD

103 105 106 108 112 115 118 120 122 124

T T T 1 1 T T
! LEAD ]
. FINE PARTICLES|

i | DAY 210-213 -
L — ] | | i
- E
- | o

l | | | 1 1 A | A 1.

103 105 106 108 112 115 118 120 122 124

RAMS SITES

XB1. 763-G57
Figure 12. S and Pb concentration
for the complete network
of stations averaged over
the three day sampling period.



e




OuJ 045321069

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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