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1.42 Collaboration in Air Particulate Analysis through Sharing of Regional Resources

Flora L. Santos
Analytical Measurements Research Section

Philippine Nuclear Research Institute

ABSTRA4CT

The air pollution research program of the Philippine Nuclear Research Institute is being pursued in
support of the 1999 Clean Air Act. This is being undertaken as part of the RCA/IAEA subproject, "Air Poilution
and Its Trends". Since the PNRI research reactor (PRR-I) has been on extended shut down for the past 189 years,
the PNRI depends solely on X-ray Fluorescence (XRF) spectrometry for elemental characterization of air
particulate samples. NAA is a powerfual and efficient tool in air particulate characterization and is used in many
national programs in the region. Collaboration in air pollution studies through exchange of samples between
XRF and NAA groups will widen the range of elements that could be detected by one group. In the RCA/IAEA
RASI4O20, "Improvement of Research Reactor Operation and Utilization" sharing of research reactor facilities
is encouraged. Working out of mechanisms fr such sharing will be advantageous to research groups without
operational research reactors. This could take the form of exchange of samples or fellowship at a regional host
institution. This will allow training of technical staff from countries without research reactors, thus ensuring
continuing expertise in NAA even after long periods of reactor shutdown.

L Introduction

The Philippine government passed a new Clean Air Act in 1999 and approved the
Implementing Rules and Regulation in 2000. This reaffirmed the national basic air quality
policies for the country and defined the air quality management system to be pursued. It also
strengthened the mandate of government institutions concerned with air quality regulation by
providing the required resources for the exercise of their mandate. In addition, it solicited the
cooperation of private institutions and non-governmental organizations in the national effort
towards cleaner air.

'fhe Philippine Nuclear Research Institute is implementing a project, "Metro Manila
Air Pollutant Characterization and Source Identification", in support of the national air
quality improvement program. Through the project, it also participates in the RCAIIAEA
subproject, "Air Pollution and Its Trends" which aims to apply nuclear and related analytical
techniques in air pollution studies. Following the methodology for the RCA./IAEA
programme, air particulate samples are collected using the Gent-type dichotomous sampler.
Samples are collected in two fractions: coarse 10 - 2.5 microns and fine < 2.5 microns
aerodynamic diameter.

In 1983, the PRR-I was shut down for TRIGA upgrading. However, after conversion
was completed in 1986, a leak was detected in the pool and even after extensive repair, the
reactor has so far not become operational. Since 1983, therefore, NAA has not been available
in the country. The PNRI depends solely on X-ray Fluorescence (XRF) spectrometry for
elemental characterization of air particulate samples. This is done with a KEVEX 771
secondary target XRF spectrometer, which can be optimized for detection of a wide range of
elements by appropriate selection of secondary targets.
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]EL The PNRI Air Pollution project: "Metro Manila Air Pollutant Characterization and
Source Identification"

A. 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 2.5 microns and
coarse, with mean aerodynamic diameter in the range 2.5 - 10 microns. Sample collection is
done twice weekly from 12:00 noon Tuesdays and Fridays to 12:00 noon Wednesdays and
Saturdays respectively. Due to filter clogging, the sampler is set to go on and off at two hour
intervals giving a total of 12 hours sampling over a 24 hour period.

Samgfing sites:

Ateneo de Manila University - located in an institutional/ residential area (June '96 - October
97; October 98 to date)
Manila Waters Services treatment facility in La Mesa Damn - a forested watershed
(November '96 to February '98)
University of Santo Tomas - located in a commercial residential area (March to September
1999; June to date) and exposed to jeepneys which are gasoline or diesel fueled locally built
public utility vehicles.
Vista Verde Homes, in Cainta Rizal - located in a subdivision close to an industrial zone.
February - July 1999)

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-ra fluorescence spectromej
Air filter analysis is done using a KEVEX 771 Secondary target X-ray fluorescence

spectrometer, with a Rh X-ray source. Analysis can be done in direct filtered or unfiltered
excitation mode or 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 cm2 plastic cassette and mounted on a sample
position on the 16-position smple wheel. Analysis can be automated for up to 5 different
conditions.

The IAEA software, AXTIL, is used for spectrum processing and quantitation by the
method of elemental sensitivities. The following standards are used for calibration:
Ti secondary target: NaCI, Al, CaF2, ScF3
Ge secondary target: NaCI, CaF2, ScF3, V, Fe, Ni, CuSx, ZnTe, GaAs, Se, RbI, MoO3,
CdSe, Sn, BaF2, PrF3, SmF3, GdF3, ThF3, LuF3, Pt
Ag secondary target: CaF2, ScF3, V, Fe, Ni, CuSx, ZnTe, GaAs, Se, RbI, MoO3, CdSe, Sn
BaF2, PrF3, SmF3, GdF3, TbF3, SmF3, LuF3, Pt, Pb, ThF4
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Table I. Analytical parameters for air filter analysis:

Secondary target Atmosphere kV setting mA setting Counting time

Ag Air 45 3 3,000
Zr Air 30 3 2,000
Ge Air 25 3 2,000
Ti Vacuum 1I0 13 1,200

B. Significant accomplishments:

1. Generation of long-term PM IO and PM2.5 data
The project generated the first local long-term data for PM2.5 and PM10 which are

summarized in Tables 2 and 3. The PNR[ stations represent true ambient conditions since
they are located away from direct sources of pollution. All of the samples collected are below
the 24 hour standard for PM 10, unlike the Department of Environment and Natural Resources
road-side air monitoring stations, for which more than 80% of the samples exceed national
standards.

Table 2. Summary of PMIO1 data for different monitoring stations

Monitoring site Mean PM IO Range N Period of sampling
ug/cu. m ugz/cu mn

Ateneo de Manila 38 13-87 146 Oct-98 to Sep-00
University _ _ _ _ _ _

University of Sto. 44 16-84 68 Mar to Sep 99
Tomas Jun to Sep 00
Vista Verde Homes, 57 17-110 51 Feb - Jul99
Cainta _ _ _ _ _ _ _

1A Mesa Dama 45 16-128 6 1 Nov-96 to Mar- 98
Ateneo de Manila 59 18-190 71 Jun-96 to Oct-97
University I _ __ __ I_ __ _ _ _ _ _ _ _ _

Philippine 24-hr ambient standard for PMIO is 150 ug/cu mn and long term standard is 60 ug/cu mn.

Table 3. Summary of PM2. 52 data for diffrent monitoring stations

Monitoring site Mean PM2.5 I Range N Period of sampl ing
ug/cu mn Ux/cu mn

Ateneo de Manila 16.1 .4.2 -34 146 Oct-98Sto Sep-00
U niversity_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

University of Sto. 18.3 6.5 - 49.3 68 Mar to Sep 99
Tomas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __Jun t Set 00
Vista Verde Homes, 23.9 9.2 -41.4 5 1 Feb -Jul 99
C ainta_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

La Mesa Dam 20.1 6.9- 56 6 1 Nov-96 to Mar- 98
Ateneo de Manila 27 5.6 - 128 7 1 Jun-96 to Oct-97
U niversity I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

The Philippines has no PM.2.5 standard. US EPA short-term 24-hr standard is 65 ug/cu ma (9 8t1 percentile) and
along term std of 15 ug/cu mn (annual arithmetic mean).

'Philippine 24-hr ambient standard for PM IO is IO0 ugo/ cai m and long term standard is 60 ug/cu .
2 The Philippines has no PM2.5 standard. US EPA short-term 24-hr standard is 65 ugtcu mn (98' percentile) and
a long term standard of 15 ug/cu mn (annual arithmetic mean).
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2. Generation of multielement database useful for pollutant source apportionment

The project also generated the first multielement database for coarse and fine
particulate composition. Tables 4 and 5 give comparative values obtained for some elements
for fine and coarse particulate samples collected at different sampling sites. The Ateneo data
are lower than those for Vista Verde Homes and the University of Santo Tomas, which are
generally perceived as more polluted areas.

Table 4. Data for some elements measured in PM2.5 for three sampling sites.

Ateneo de Manila University Vista Verde Homes, Cainta University of Santo Tomas
(Inottuti residential) (Close to industrial zone) (Commnercial)
Mean Range Mean Range Mean Range

ng/cu in ng/cu in -ni/cu in ng/cu in ng/cu in np/cu mn
S 660 117 -2729 969 209 -2947 1556 272 -4234
K 84 16 -308 122 42 -356 112 27 -235
Ca 67 11 -907 124 29 -645 116 19 -268
V 10.9 2.3 -29.3 15 5 -28 20 10 -32

Mn -5.2 0.7 -30.6 16 1-58 27 14 -41-
Fe 68 13 -438 38 14 -773 129 1 -207
Nl 3.3 0.7 - 10 4.9 0.54 - 13.4 7.75 2.3 - 29
Cu 4.0 0.5 -41.9 12 0.8 -39 13 4.7 -64.3
Zn 35 7.9 -150 85 11 -519 7.8 2.3 -16
Br 8.8 1.7 -26.5 10 2.6 -37 10.8. 3.5 -17
Pb 36.8 2.2 -7.5 50 22 -93 64 16 -313

Table 5. Data for some elements measured in PM2.5-10 for three sampling sites

Atenco de Manila University Vista Verde Homes, Cainta University of Santo Tomas
(IsituioIl residential) (Close to industrial zone) (Conuercial)

Mean Range Mean Range Mean Range
nag/cu in ng/cu in ngc n ncu in fi/ui ng/cu in

Si 659 70 -1399 1168 278-2377 688 189-1288
S 390 73-898 605 290-1827 1130 312-2224
CI 337 3.14-1366 560 90-2156 286 73.8-863
K 126 68-256 186 94-329 218 9905-58i.1
Ca 661 370-1148 1209 432-3588 1249 385-2335
Ti 38 11.6-62.8 55.8 13-116 49.2 23.5-85.2
V 9.55 3.59-18.4 12 4.8-23 23.5 13.3-36.3

___Cr 11 5 0.6-57- _ 10.1 3.3-18.6
Mn 12.2 2.9-29.3 35.1 17.4-122 32.1 11.7-52.4
Fe 472 180-905 947 399-2044 606 147-1081
ml 2.8 0.84-6.7 4.54 0.58-14.7 11.3 2.9-18.7
Cu 6.8 1.93-36.8 18.5 1.05-87 46.3 10-72
Zn 69 17.6-275 110 3.87-532 162.5 36-354
Br 7.39 0.84-30.5 7.58 0.9-20.2 16.2 5.7-31.7
Pb 30.9 8.9-131 45.2 12-87 99 29-304

3. Pollutant Source Apportionment

The database for samples collected fom the Ateneo de Manila University Campus
from October 1998 to April 1999 was analyzed by PMF yielding five possible sources for the
coarse fraction: motor vehicles (23%), soil (2 1%), sea salt ( 6%) two-stroke engines ( 2%)
and cement/concrete (7%). For the fine fraction, the following possible sources were
obtained: motor vehicles (28%), tricycles or two stroke engines (20%), oil burning (32%), sea
salt (4%) and a Cl-depleted salt fraction (6%).
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ICL Sharing of Regional Resources

It is recognized that NAA is a powerful and efficient tool in air particulate
characterization and is used in many national programs in the region. It can measure Na, Mg,
and Al, which emit low-energy X-rays that are subject to absorption and scatter in XRF.
NAA also has good detection for rare earths, which are not so well detected by XRF in air
particulate samples. However it has poor sensitivity for analysis of S, Pb, Ni and Si, which
are important marker elements for major components of particulate samples. In air pollution,
exchange of samples between laboratories performing NAA and XRF will allow
determination of a wider range of elements in the sample.

The RCAIIAEA RAS/4/020, 'Impro vement of Research Reactor Operation and
Utilization", recognizes the underutilization of some research reactors in the region and
promotes sharing of facilities. Participants from institutions with research reactors expressed
willingness to share facilities with other countries. Working out of mechanisms for such
exchange will be advantageous to research groups experiencing problems with their facilities.
Such exchange will also be useful for data validation purposes. This can take the form of
exchange of samples or fellowship at a regional host institution for the purpose of analyzing
samples from home. This will also provide opportunity for training of technical staff from
countries having prolonged difficulties with their reactor, thus ensuring continuing expertise
in NAA even after long periods of reactor shutdown.
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