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ABSTRACT

The Philippine Nuclear Research Institute (PNRI) continues to pursue its air pollution research in

support of the implementation of the 1999 Clean Air Act. The primary tool for analysis is X-Ray

Fluorescence spectrometry (XRF) since the PRR-I is still on extended shut down. Following the
workplan approved during the 1991 Workshop on Utilization of Research Reactors, the PNRI

collected airborne particulate matter using the Gent sampler. The sampling site selected for the

program was Poveda Learning Center, located beside a major highway, the Epifanio delos Santos

Avenue (EDSA) where the principal source of pollution is vehicular emissions. Samples collected up

to August were analyzed by XRF using three sets of analytical parameters to allow optimized
analysis of a wider range of elements including Na and Pb.

Although the PNRI has no operating reactor, it has personnel who have trained in NAA but are unable

to apply the technique. As mentioned in the 2001 Workshop, the PNRI is considering several options

to resume reactor-related activities. Thus, it is necessary to ensure continuing availability of expertise
in NAA in the PNRL It looks forward to collaborating with other Institutes through the FNCA

program for the analysis of samples by NAA and using reactor parameters from collaborating Institute,

to obtain experience in the use of Ko. This would also allow validation of XRF data obtained for these

samples. In return it can analyze samples for collaborating institutions to generate data on Pb and ,
which are important for pollutant source apportionment.

INTRODUCTION

In Metro Manila the importance and urgency of addressing the air pollution problem is

recognized. A new Clean Air Act was passed in 1999 and enacted at the end of 2000 with

support from the Asian Development Bank. Implementation of the Clean Air Act is being

made in partnership with different government institutions and the private sector. Following

itsmandate to promote nuclear technology application to meet local needs, the Philippine

Nuclear Research Institute implements the project "Metro Manila Air Pollutant

Characterization and Source Identification". The project has made tangible contributions to

the national programme on air quality in terms of data generation, analytical services and

capability building among collaborating end-user institutions.

PROJECT OBJECTIVES

The project is being undertaken in support of the national programme on air quality. It aims

to apply nuclear and related analytical techniques to generate data useful for air quality

management These include:

PM2.5 and PM10 ambient levelsParticulate elemental

compositionPollutant source contributions
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SAMPLING LOCATION

Since 1996, the pr ect has operated air monitoring stations at 6 sites in Metro Manila. Table
I gives the location and inclusive dates of sample collection for the different stations. With
the exception of La Mesa Dam, all the sampling sites are close to major thoroughfares.
However, care was taken to located the sampler as far away from the road as possible. Figure
I shows the location of the PNRI stations as well as the regular monitoring stations of the
Environmental Management Bureau, where TSP is measured.

Table 1. Philippine Nuclear Research Institute sampling stations equipped with a Gent sampler

Sampling site Description Inclusive dates of sampling
Ateneo de Manila Institutional/ residential June 1996 - October 1997,
University area October 1998 to date
Poveda Learning Center, Secondary school at aOctober 2001 to date
EDSA commercial district, beside

a major thoroughfare
University of Sto. Tomas Commercial/ residential March to September 1999,

area June 2000 to September
2002

Manila Waters Services Forested watershed November 1996 to February
treatment facility 1998
Vista Verde Homes Residential area close to February - July 1999

industrial zone

Legend:
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Figure 1. Location of PNRI air onitoring stations.
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METHODOLOGY

Air sample collection

Air sample collection is done using the Gent dichotomous sampler. Samples are collected in
two fractions: fine, with mean aerodynamic diameter less than 25 microns and coarse, with
mean aerodynamic diameter in the range 25 - 10 microns. Due to filter clogging, the sampler
is set to go on for 2 hours and then off for 4 hours giving a total of hours sampling over a
24 hour period.

Particulate mass determination

Particulate mass is determined from the difference of the equilibrated weight of the filter
before and after loading. Equilibration is done in a desiccator kept at a relative humidity of
35%. Weighing is done with a Mettler MT5 microbalance. Equilibration and weighing are
repeated until a constant weight is obtained. Equilibration time in-between weighings is 24
hrs.

X-ray fluorescence spectrometry

Air filter analysis is done using a KEVEX 771 Secondary target X-ray fluorescence
spectrometer, with a Rh X-ray source. Analysis is done in secondary target mode. The
secondary target materials (Gd, Ag, Zr, Ge, Ti and Al) are mounted on a turret and can be
selected automatically. The air filter sample is placed in an EPA-type sample holder, a 4 x 4

2
cm plastic cassette and mounted on a sample position on the 16-position sample wheel.

The IAEA software, AXIL is used for spectrum processing and subsequent quantitation by
the method of elemental sensitivities.

Instrument calibration is done using the following standards:

Ti secondary target: NaCl, Al, CaF2, ScF3
Ge secondary target: NaCl, CaF2, ScF3, V, Fe, Ni, CuSx, ZnTe, GaAs, Se, Rbl, MoO3, CdSe,
Sn, BaF2, PrF3, SmF3, GdF3, TF3, LuF3 Pt
Ag secondary target: CaF2, ScF3, V, Fe, Ni, CuSx, ZnTe, GaAs, Se, Rbl, MoO3, CdSe, Sn
BaF2, PrF3, SmF3, GdF3, TF3, SmF3, LuF3, Pt, Pb, ThF4

Current analytical parameters presently used for aerosol analysis at the PNRI are given in
Table 2 Counting time with Ti secondary target has been increased to improve detection of
light elements. Figure 2 shows typical calibration curves for Ti (vacuum), Ge and Zr
secondary targets. The advantage of using multiple secondary targets for enhanced detection
of a wider range of elements in air particulate matter is seen.
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Table 2 Analytical paramenters for analysis of air filters using the KEVEX 771

Secondary target Atmosphere kV setting mA setting Counting time

(sec)

Ag Air 45 3 1000

Zr Air 30 3 1000

Ge 25 3 1000

Ti Vacuum 10 3 2000
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Figure 2 Calibration curves for Ti in vacuum (a), Ge (b) and Zr(c) secondary targets using thin film
standards

- 184 -



JAERI-Conf 2004-010

RESULTS AND DISCUSSIONS

Particulate mass concentration

Figure 3 summarizes the particulate mass concentration obtained for 2002 at the Poveda
Learning Center The station is at an area exposed to vehicular emission, although the sampler
is at about 100 m form the road side. It is good to note that neither the Philippine short term
standard for PM IO (150ug/cu m) nor the USEPA PM2.5 standard of 60 ug/cu m are exceeded
The mean for PM2.5 and PM2.5-PMIO are 16.5 and 21.0 respectively. The mean for PM2.5
is slightly higher than the annual long term standard of the USEPA (1 5 ug/cu m.).
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Figure 3 Monthly mean of PM2.5 and PM2.5-10 concentration for
Poveda Learning Center

XRF spectrometry

The calibration curves obtained for the KEVEX 771 show that the use of several secondary
targets in XRF spectrometry allows optimized detection of a wide range of elements in
airborne particulate matter. Typically 13-20 elements can be measured in air particulate
matter including light elements Na and Mg. Tables 3 and 4 give concentration of different
elements measured in samples collected from the Poveda monitoring station.

Table 3 Elements measured in PM2.5

Element Mean (ng/cu m) Range (ng/cu m)
Al 646 348-895
S 700 270-1465
Cl 30.4 15.4-44.7
K 109 59-247
Ca 105 51.7-155
V 17.2 4-28

Mn 2.79 1.4-5.6
Fe 103 1.4-300
Ni 3.77 1.39-8.37
Cu 4.19 1.4-6.98
Zn 77 21-296
Br 5.92 1.4-12.6
Pb 36 15.3-76.8
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Table 4 Elements measured in PM2.5-10 fraction

Element Mean (ng/cu m) Range (ng/cu m)
Na 479 239-817
Mg 702 160-3974
Si 856 176-1204
P 76.8 48.9-132
S 454 251-853
Cl 618 138-1273
K 154 94-251
Ca 792 478-1314
Ti 54.2 14.0-251
V 11.7 3.59-23.7

Mn 13.3 5.58-22.3
Fe 479 318-749
Ni 9.5 6.98-12.6
Cu 7.22 3.59-12.6
Zn 65 23-127
Se 5.7 4.2-9.0
Br 23.7 20.9-25.1
Pb 42.5 33.5-81.0

CONCLUSIONS

XRF spectrometry with variable secondary target excitation is a useful tool for particulate
characterization leading to pollutant source characterization. The PNRI has made tangible
contribution to the national effort to improve air quality by generating data and providing
analytical services to local groups. It is participating in the FNCA program, in order to
maintain continuing expertise in NAA even without a reactor, using the opportunities for
exchange made possible by the NCA and other regional programs such as the RCA/IAEA.

Although the PNRI has no operating reactor, it has personnel who have trained in NAA but
are unable to apply the technique. Maintaining this expertise and continuing reactor-related
activities would improve the chances of getting funding for reactor repair or the construction
of a new one. It looks forward to collaborating with other Institutes through the NCA
program for the analysis of samples by NAA and using reactor parameters from collaborating
Institute, to obtain experience in the use of Ko. This would also allow validation of XRF data
obtained for these samples.
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