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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or -
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ATMOSPHERIC LEAD AND BROMINE CONCENTRATION IN BERKELEY CALIF.
(1963-1970)1

Haff& R, Bowmah, John G, Conway, and Frank'Asaro

ey

Lawrence Radlation Laborsatory
University of California
Berkeley, California 94720

“April 1971

Abstf&ct

'Leadiénd_bréminevaérosols collected in downtown Berkeiey, Calif:, for
one~week peribds'ovgr the past éight Years, have béen anglyzed using non-
dispersive xéray:fluorescence analysis.v Typical analysis times were‘2
minutes, Thé re§ults suggest that x-ray fluoréscénce is a practical technique
for routine lead monitoring, and that continuous monitoring stations are
feasible.

Seasohal lead variations similar to those’fqund in the San Diego area
were observed and appear to be correlated to data for wind and wind direction,
The ratio‘of bféminerto-lead collected on filters appeérs to be higher in

Berkeley than in the six other U, 8. cities previouély reported.“
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Introduction

The preéeﬁt study was undertakén to determine if non~dispersive x-ray
fluorescence a.na.lyses2 fqr 1ead, bromine and other elements can be made.
rapidly enough th;t éonfinuoﬁs aumpling.by remote.automated monitqriné
systems would ﬁé possibie.

-Earlier ﬁeasurements on fllter papers using x-ray fluorescence
analysis with'differenceAfiiter techniques3 as well as those using a mass-
spectroméﬁarhvusualiy cohcentrgted on & single element in a single analysis,
whereas the p?esent method is c#pable of a.multi—element an#lysis in a single
run. |

In this study, work has been limited to'JuSt lead and bromine aerosols
because of the complications introduced by thr rélatively high concentrations
of iron and‘zinc~presentnin HV 70 filter paper fabric. The use of low-ash

filter paper forAcollection_purposes eliminates some of these problems.

Sample’Collections

A serieg of filter papers waé collectéd weékly over the past eight
years in downfown Berkeley, Californis by the safety-service department of the
Lawrence Radiation Laboratdry as part of an
environﬁental survey system.5 The downtown sampling station 1s located om a
busy street (Shaftuck Avenue between Hearst and Berkeley Wéy), and the air
iﬁtake to the éstem is located about eight feet from the curb and about 7
feet above the street level facing the street. The air was filtered through
HV T0 filter_paper at an aveiagé flowrate of 4%0.5 cfm, and the aerosols were

collected on an open area of n 196 cm2.
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Counting Assembly and Procedure

Each'bf‘the over 4OO filter papers was analyzed for-two minutes on
the x-ray fluoféséence spectfometer shovn in Fig. 1. The filter papers were
folded twice1(£§ increase by & factor of U4 the effective lead and bromine
seen by the k—ra& détéctof) and placed in a holder that conpressgd the papers
and heldrtheﬁ at a fixed geometry with fespect to the x~ray fluoréscence
system. | | |

A ;dﬁrce—target-éssembly similar to one described by Giauque6 was
used ahd ié shbﬁn in Fig. 2. The main Advanfage of the source-farget two;
step_éxcitation'method is fhat iﬁ ailowé one to choose>the X~-ray éhergy which
is uséd'to excite the ééﬁpie;.énd thereby optimizevthe mgasuremenf. The target
material uséd hére'wés zirconum metal. The primﬁry fadiation was & 100 me
sourcé of IQSI.

Eight hﬁndred channels of puise-height'information were taken on each
two minufe ruh‘épd étéred on mhgneﬁic tapé in’digital'form at the;end of each
run. Figure 3.sh6ws thé 1ead - broﬁiné region of the spectrum for a sample
collectéd over a T-day pefiod in December of 1969 and counted for 2 ﬁinutes.
The data could be processéd'by haﬁd or, more'quickly, by a coﬁpuﬁer or a pulse-
height analyzér with summing capablility. A blenk pieée.of HV T0O fiifer paper
showedrnegligibie lead and bromine but significant amounts of iron and zinc.

.. "Each filter paper was analyzed twice, once with a slow
amplifying system for which count rate corrections were needed, and a second

T for which Y’

time with a high-rate pulsed optical feed-back amplifyiﬁg system
count-rate corrections wvere negligible. The results from both sets of runs

agreed, with an average reproducibility of better than 5%.
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The le@d'and bromine concentrations were obtained by summing a number
of channels 6ver the Pb Lo and Br Ko peaks, subtracting the nearly negligible

background and comparing the results to standards treatgd in the same manner.

Calibration
A‘numbevaf téchnigués were used to calibrate the filter papers for
lead and bro@ipe; These included: analyses of weighed amounts of lead metal

and of KBr whigh-héd been vaporized onto Al foils; wet chemical analyses of

foils and some filters; and independent x-ray fluorescence analyses of some of

the filters by R. D. Giauque. The lead and bromine results';greed within

standard deviations of 7 and 13 percent, respectively.

Results
The a£mo§pheric lead and bfomine cohcentr&tions for the years 1963 to
1970 are plottéd 6n Fig.”h. The sedéonai‘variations are similar to those
reported for San Diegdiby Chow dndbEarl for lead,h and correlate very.weli with
climatalogicél‘déta for wind‘directioh ahd speed. Ihvthe summer the San
Francisco Bay'Area'has winds Qf average speed of nine to ten miles per hour
end these winds are from thé Pacific Ocean. The'winter winds average five to

seven miles per hour and have no predominant direction. The higher-speed

‘'winds from the cleaner areas of the ocean result in‘the cleansing of the Bay

Ares and as a result the lead and bromine concentrations are lower in the
summer. Thergiseems to be no correlation with rainfall.

Table I shows the average lead and broming concentrations for each 6f

“the 8 years. The averages are essentially constént over the 8 years, within a

standard deviation of 5% for lead and 7% for bromine.
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TABLE I

. Daily‘average of ug/m3 for bromine and lead

Year . Bromine - ‘ , Lead

1963 - 0.7 - 2.8
1964 0.75 2.8
1965 . 0.83 3.0
1966 ¢ - ﬁ 0.85 - 3.0
11967 . o 0.90 - = 3.1
1968- 0.90 3.2
1969 0.8k ' 3.0 -

1970 ' 0.82. : 2.9

An avgrage-bromine—to-lead weight ratio of 1:60 has been reported
for six cities of»the-United States.eb Our study indicates a ratioc of 1:3.2.
We haQe no explanation for this difference.
In Qrder to determine which additional elements cog;g_be detected, a,oneéweek
collection (Jan»l971) was made on Whatman #40 paper. In addition to the lead
and bromine, irqn and zinc were‘detécted in a 2 minute x;ray fluorescence
analysis. >The sfecfrum is shown in Fig. 5. The air volume was 11,884 cubic

feet.

Summary
N TheiapélySis‘ofbiead and bromine aerosols collected over T day
‘periods on éif}monitoring filter papérs appears to be particularly suited to
non—disperaiﬁe k-ra& fluoresce#ce analysis. Lead and brominge concentrations
can be determined in many caseé in 2 or 3 minutg runs. The technique is non-
destructive so that the papers can.bé reanalyzed if‘needed of saved for

future reference.
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With alc§mbineq increase of less than an order of magnitude in the
alr flow and tﬁe‘excitation sourcé and no folding of.thé_filtér_payer, results
comparable té ﬁhosé réportéd.heré would be ébtgined with 2 héur colléctions and
2 hour counts. A system of cohtinucua elremonitoring quld-be'installéd in
which the:datg;from;man&.remote locations could be fed to a single central
computer,_whieﬁ ébuld give bihohfly céncéntrations of iead, bromine, iron,
and zihc‘at gny‘of'the reﬁdte locatiéns. As the eQuipmént is easilyfmadé

9 tempdrary stations could also be estahlished,
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Figure Captionsj.
fig. 1. The non?dispersivé”x-rayvfluoreécence'épectrbmetér with filter paper
holder assémbly.
Fig. 2. .The sqﬁrce-target—assembly. .The primary radiétion from a 100 m.c.
125

I source produces target K x-rays (Zr) which are used to excite

characteristic x-rays in the filter paper samples.

.~ Fig. 3. The léad and bromine intensity distribution measured in a filter

paper using a mﬁltichannel pulse height analyzer. Background has not
been subtrépted.
Fig. 4. Atmospheric lead (upper solid line) and bromine (shaded area)

concentrations in downtown Berkeley (1963-1970).

Fig. 5. X-ray spectrum from aerosols collected on Whétman #40 filter paper,
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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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