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Biography: Timeline of Scientific Milestones
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Doctor of Philosophy (Earth System Science –
Atmospheric Sciences)
Taiwan International Graduate Program
National Central University 
Advisor: Dr. Charles Chou (RCEC - Academia Sinica)
Thesis: Perturbation of Urban Air Pollution on the 
Composition of Organic Aerosols in a Subtropical Forestry 
Area

Bachelor of Science in Chemistry
University of the Philippines – Diliman
Advisor: Dr. Lilibeth Coo
Thesis: The Comparative Air Analysis of the Institute of 
Chemistry, UP Diliman using Passive Sampler with 
Activated Charcoal and Commercially Available 
Adsorbent

Biography: Education
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Biography: Work

Postdoctoral Research Fellow  
University Researcher 
University of Gothenburg in Sweden

Aerosol formation and transformation
Rapid and Online Mass Spectrometer for Chemical   
Characterization of Organic Aerosols
Supervised MS and Ph.D. Students
Indoor Air Analysis
Forest-Urban Interaction
International research collaborations 

5



Research Directions: Aerosol Formation

Pierce et al., 2011, Ehn et al., 2014
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Research Directions: Indoor Air Science
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Major Research Projects

Biomass Burning in China 
(Formation of NACs)

Influence of Human emissions  
Indoor Environment

Urban-Forest Interaction

Emissions from Vehicles/Ship
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To determine the composition and trend of the atmospheric pollutants 

using advanced mass spectrometric techniques which will provide 

important insights to be used for new environmental policies

BSP Overall Goal of the Engagements

▪ Aerosol composition will dictate 

the major sources of pollution

▪ Long term trends of atmospheric 

pollutants, particularly ozone and 

particulate matter
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Host:  CSU      DOST-PNRI

COVID19 Variant: Delta    OMICRON

COVID19 New Cases in the Philippines
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Instruments and Filters were ready but…
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Service during BSP Engagement
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Lecture Series: Seminar and TutorialBSP Lecture Series

• Joint effort of DOST-PNRI and CSU in promoting 
and organizing the event

• More than 2,000 faculty members, researchers 
and, students from different higher academic 
institutions all around the Philippines registered 
for the event

• At least 300 participants per lecture, with some 
events reaching more than 600 attendees
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1st Lecture: Organic Aerosols and Mass Spectrometer

• Understanding the molecular 
composition of aerosols is a crucial 
information 

• New advances in Mass Spectrometry 
reveal new information regarding the 
formation and trends of aerosols

• The mixed sources of pollution were 
uncovered with the combination of 
MS techniques and Satellite Data. 
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2nd Lecture: Indoor Air and COVID19

• Indoor air studies are vital as humans 
spend more than 90% indoors

• Ambient atmospheric techniques 
should be implemented indoors 

• Humans are indoor polluters  

• #COVIDisAirborne. Transmission of 
COVID19 can be reduced with proper 
ventilation and filtration

• Use CO2 level as an indicator of the 
degree of transmission risk indoors
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#COVIDisAirborne: PNRI’s Indoor Air Infographic
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3rd Lecture: Tutorial/Workshop on 
Free Atmospheric Chemistry Software

• GIOVANNI - Online tool for 
visualization, exploration, analysis of 
NASA Earth Science Data

• MCM-ATCHEM – Simulation of gas-
phase chemical processes involved in 
the tropospheric degradation of VOCs

• HYSPLIT - Model calculation of long-
range transport pollutants

• Training data sets were provided to 
DOST-PCIEERD
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4th Lecture: Combustion Processes and NMF

• Pellets over Wood in Boilers

• Reducing pellet fuel loading increases 
Brown Carbon emissions

• Increasing pellets boiler usage will 
decrease National PM2.5 and BC

• NMF to simplify complex datasets, 
dimensional reduction

• Two-factor solution clustered into 4 
groups shows an increase in 
emissions from trucks.
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Clean Air is a 
Human Right 

Johan Boman
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Particulate Matter (PM) and 
Ozone (O3)

From ZHAO Research Group and Vandenbroucke et al 2015  

• Atmospheric aerosols vary in size and 
chemical composition

• PM has a significant impact on health and 
climate

• Ozone is beneficial in stratosphere but not in 
troposphere (ground level)

• Ozone and OH radicals serve as oxidant to 
generate PM and other harmful gases

• Elevated O3 also lead to several respiratory 
problems
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Long term Pollution Trends and 
Southern Philippines (Butuan)

• In-depth analysis of atmospheric pollutants 
in the Southern Philippines is limited

• CSU, together with DENR-EMB 13, monitored 
meteorology and pollutants (PM, O3, SO2) 
since 2014

• Long-term air quality data sets are essential 
to evaluate the trends and changes in the 
emission of atmospheric pollutants

• In-depth analysis of atmospheric pollutants 
in the Southern Philippines is limited

• CSU, together with DENR-EMB 13, monitored 
meteorology and pollutants (PM, O3, SO2) 
since 2014

• Long-term air quality data sets are essential 
to evaluate the trends and changes in the 
emission of atmospheric pollutants

• In-depth analysis of atmospheric pollutants 
in the Southern Philippines is limited

• CSU, together with DENR-EMB 13, monitored 
meteorology and pollutants (PM, O3, SO2) 
since 2014

• Long-term air quality data sets are essential 
to evaluate the trends and changes in the 
emission of atmospheric pollutants
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Integration of Satellite Data: 
GIOVANNI and MERRAero

• GIOVANNI and MERRAero were utilized to 
support and validate ground measurements

• MERRAero is a surface data based on 
assimilation model and remote sensing

𝑷𝑴𝟐.𝟓 = 1.375 × 𝑆𝑂4 + 1.4 × 𝑂𝐶 + 𝐵𝐶 + 𝐷𝑆2.5 + 𝑆𝑆2.5

• Speciated data: Sulfate, Organic Matter, 
Sulfate, Black Carbon, dust and Sea Salt 
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Influence of Meteorology and Vehicular Emissions

• Moderate anticorrelation was calculated for both 
relative humidity  and precipitation amount 

• Wet deposition contributed to the sink of 
PM

• The general yearly trend of PM responded 
well to traffic volume
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• Sea salt dominated the mass concentration of 
PM2.5 in Butuan, contributing 58% on average 
(max 80%)

• OM contributed 20%, especially during spikes in 
2015 and 2019. 

• Source of OM: Transboundary transport of 
biomass burning

Speciation of Aerosols: Impact of Sea Salt and OM
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Threat of Increasing Ozone Level in Butuan

• Trend analysis indicated that O3 and NO2

increased by 0.409 ppb year–1 and 0.683 ppb 
year–1.

• The upward trend of ozone and NO2 in the 
southern Philippines was attributed to the 
growing emissions of automobiles
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Contribution of VOCs from Vehicles

OFPi = [VOC]i ×MIRi

• Benzene, Toluene, Xylene increased by 
0.238, 1.63, and 0.662 ppb year–1

• The three AVOCs contributed 8.13 
(benzene), 133.04 (toluene), and 94.22 
(xylene) µg m−3 in ozone formation

• More focus should be given to the reduction 
of Ozone instead of PM 
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Response of PM and O3 to 
COVID19 in Butuan

• In 2020, several across the world reported a 
significant reduction in ambient aerosol 
mass due to widespread government-
enforced lockdown measures

• No noticeable changes in the trend of PM2.5

were observed in Butuan

• Ozone reported an increase of 104% in 2020 
(37.36 ppb) compared to the data collected 
in April and May of 2019 (18.31 ppb).
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Submission and Publication in International Journal (AAQR) 

Submitted: October 5, 2021 Accepted: December 10, 2021 28



Policy Paper on Ozone Reduction 
in Butuan

• Based on the results of long-term trends of 
pollutants in Butuan, a policy 
recommendation was conveyed to DENR-
EMB Region 13. 

• Monitoring and reduction of Ozone should 
be prioritized to limit respiratory problems 
and secondary production of pollutants
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Regional PM Mass of Metro Manila and Boracay

• Metro Manila and Boracay are two of the 
most crucial urban regions in the Philippines 

• The total area of NCR is 619.57 sq. 
kilometers with a dense population of 
13,484,462 in 2020: 

• In 2015, the number of tourists increased to 
1.5 million, contributing to unprecedented 
anthropogenic activities in this area 
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Profile and Sources of Regional PM2.5

• Metro Manila and Boracay PM Mass: 

12.3 ± 2.4 and 12.9 ± 3.6 µg m-3

• Major Component: Sea Salt followed by OM 
(Boracay) and Sulfate (Metro Manila)

• Regional PM underestimated the ground-
based measurement by at least 50% due to 
missing NO3
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Black Carbon and OM: Long Range Transport

• Metro Manila recorded 0.30 ± 0.16 µg m-3

average concentration of BC, twice the mean 
values observed in Boracay (0.17 ± 0.16 µg m-3)

• Two periods (September 2015 and 2019) with 
prominent spikes of OM were observed in MM 
and Boracay, (OM > 7µg m-3)

• The suspected source of high OM, as well as BC, 
was biomass burning,  rampant in equatorial 
Southeast Asia between August to October 
and intensified by southwest monsoon 
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Formation of Sulfate and its Contribution to PM

• Sulfate had a significant mass burden in PM 
mass of Metro Manila 

• In the megacity, photochemistry was one of the 
drivers of the formation of sulfate aerosols. 

• High aerosol liquid water content during the 2nd

half of the year induced multiphase oxidation 
of SO2 in aerosol particles 
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Submission to International Journal (AAQR) 

Submitted: January 16, 2021
Accepted: April 12, 2022 34



Ultrafine Particles (UFP) and their effect on Health

• Death due to exposure to PM is increasing even 
with decreasing trends of PM10 and PM2.5 in the 
Philippine

• Ultrafine particles are aerosols with an 
aerodynamic diameter of 0.1 µm or less. 

• UFPs constitute the largest fraction of aerosol in 
terms of particle number, particularly in urban 
areas

• Currently, UFPs are not monitored due to lack 
of environmental limits and policies  

35



Policy Paper on UFPs

• A policy paper was drafted regarding the 
importance of monitoring and analyzing UFPs in 
different regions of the Philippines.

• UFPs may be the missing link between the 
increasing mortality and decreasing levels of 
PM 

• The ultimate goals are to identify locally 
available standardized methods that can 
measure UFPs and to set an atmospheric limit 
of concentration of UFP

• The policy paper was sent to Environment 
Sector, Industrial Technology Development 
Division (ITDD), PCIEERD - DOST
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Research Proposal on UFPs

• A multi-institution/university proposal was 
drafted with the overall aim of establishing local 
limits on UFP levels

• UFPs in several regions in the Philippines with 
different atmospheric conditions will be 
accessed to ambient concentration of UFPs

• Understanding the variability of ambient UFPs 
will also improve our knowledge of extreme 
atmospheric pollution events
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#COVIDisAirbone: Research Proposal 

in limiting Indoor Transmission

• COVID19 has caused several mortalities across 
the globe and COVID19 is here to stay.

• Airborne transmission is more prevalent 
compared to other modes of infection

• One of the most promising approaches in 
limiting indoor transmission of COVID19 is the 
utilization of air purifiers that can be easily 
integrated into closed space areas

• Air purifiers are expensive, especially those 
with “gimmicks” (e.g. ionizers) that do not 
necessarily reduce SARS-COV-2 air 
concentration. 
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Promotion of Balik Scientist Program
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Invited Talks as Balik Scientist: ASIANALYSIS 2021
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Invited Talks as Balik Scientist:

Air Quality FGD DOST-PCIEERD
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Invited Talks as Balik Scientist:

Clean Air Virtual Forum
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Invited Events: Balik Scientist Annual Convention  
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Invited Events: Next Gen Round Table Discussion and 

AER49 Virtual Presser
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Promotion: Courtesy Visits

Engr. Andrea 
Cabonita of 
DOST-CARAGA

Dr. Carlo Arcilla of PNRI

Dean Esamel Paluga
and Dr. Rolando Paluga
of CSU

Dr. Intano and 
Prof. Juancho of  
SDSSU
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Promotion: Eight Publications as Balik Scientist

Research Article Status

1) Photodissociation of particulate nitrate 
as a source of daytime tropospheric Cl2

Accepted in Nature 
Communications (IF 
=14.919)

2) Assessment of Impact of Meteorology 
and Precursor in Long-term Trends of PM 
and Ozone in a Tropical City

Accepted in Aerosol and 
Air Quality Research 

3) Variability and Source Characterization of 
Regional PM of Two Urban Tropical Cites: 
Biomass Burning vs Anthropogenic Emission

Accepted in Aerosol and 
Air Quality Research 

4) Molecular Composition of Submicron 
Organic Aerosols: Evidences Extensive 
Footprint of Urban Air Pollution

Under Review
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Promotion: Eight Publications as Balik Scientist

Research Article Status

5) A four carbon organonitrate as a 
significant product of secondary
isoprene chemistry

Under Review

6) Characterization, Source 
Apportionment and Associated Health 
Risk Assessment of Respirable Air 
Particulates in Metro Manila, Philippines

Accepted in 
Atmospheric 
Pollution 
Research

7) Particulate Matter Source 
Characterization: A Comparative Study of 
Highly Urbanized Areas vs. Prime Tourist 
Area in South East Asia 

In Preparation

8) Health Risk Profiles of Highly Industrial 
Metropolis and A Prime Tourist Area in 
South East Asia

In Preparation

47



48

5Ps SUMMARY



5Ps Summary – People Trained and Publication

Name Duration
Place (if 

applicable)

People 
Trained

Tutorial/Workshop 
of Software for 
Atmospheric 

Chemistry

2 hours with more 
than 200 

participants
Online

Title of Publication
Date of 

Submission

Publications

Assessment of Impact of Meteorology and 
Precursor in Long-term Trends of PM and 

Ozone in a Tropical City
October 2021

Variability and Source Characterization of 
Regional PM of Two Urban Tropical Cites: 

Biomass Burning vs Anthropogenic 
Emission

January 2022



5Ps Summary –Presentation Made

Title of Presentation Date Place

Presentation 
made

Speciation of Organic Aerosols: The 
developments of online mass Spectrometers 
and their application in the Philippines

August 2021 BSP lecture Series

Indoor Air Science: Stealth pollutants and 
transmission of COVID particles.

August 2021 BSP lecture Series

Emission from combustion processes and 
Non-Negative Matrix Factorization.  (Mike 
Priestley)

August 2021 BSP lecture Series

High-Resolution Mass Spectrometers for  Air 
Quality Improvement

October 2021 PCIEERD Air 
Quality focus 
group discussion  
(Online)



5Ps Summary – Presentation Made

Title of Presentation Date Place

Presentation 
made

Speciation of Organic Aerosols: The 
developments of online mass 
Spectrometers and their application in the 
Philippines

August 2021 BSP lecture Series

Indoor Air Science: Stealth pollutants and 
transmission of COVID particles.

August 2021 BSP lecture Series

Emission from combustion processes and 
Non-Negative Matrix Factorization.  (Mike 
Priestley)

August 2021 BSP lecture Series

High-Resolution Mass Spectrometers for  
Air Quality Improvement

October 
2021

PCIEERD Air 
Quality focus 
group discussion  
(Online)



5Ps Summary – Presentation Made

Title of Presentation Date Place

Presentation 
made

Identification of Chemical 
Markers in Submicron Organic 
Aerosols: Implications for 
Source Attribution

October 2020 Asianalysis XV (Taipei, 
Taiwan) 

High Resolution Mass 
Spectrometers for Air Quality 
Improvement

October 2020 PCIEERD Air Quality Focus 
Group Discussion

Influence of New Vehicle 
Exhaust Emission Standards on 
Air Quality

November 2020 2021 Clean Air Virtual 
Forum



5Ps Summary - Proposals

Title of Proposal Date of submission Funding Agency

Proposal

Atmospheric Ultrafine particles: A 
New Metric for Health and Air 
Quality 

To be submitted PCIEERD – Air 
Quality

Modified Corsi-Rosenthal Box: 
Development and analysis of an 
inexpensive and locally available air-
purifier for the reduction of COVID-
19 transmission

To be submitted PCIEERD – Air 
Quality



5Ps Summary – Policy Papers

Title of Proposal Submitted to:

Policy Recommendation

Assessment of Exposure of Filipino to 
Atmospheric Ultrafine Particles: Missing 
Cause of Mortality from PM

Environment Sector, 
Industrial Technology 
Development Division 
(ITDD), PCIEERD - DOST

Reduction of Surface Ozone as an 
Atmospheric Oxidant in Butuan

DENR-EMB Region 13. 



5Ps Summary – Other Activities

Activity Date

Other Activities

Project Planning Document August 2021

Preparation of filters and instruments for fieldwork 
measurement in Agusan del Norte and Metro Manila 

August 2021

Video Production for promotional materials for DOST-
CARAGA National and Regional S&T week 

October 2021

Resource Speaker for the Balik Scientist Program (BSP) 
Annual Convention 

November 2021



5Ps Summary – Other Activities

Activity Date

Other Activities

Rapporteur for Next Generation Researchers 
Roundtable Discussion 

November 2021

Writing and Review of Three Research Papers of PNRI Nov 2021 – Feb 
2022

Proposal meeting with Dr. Custer Deocaris of PNRI and 
Air Quality Researchers from De la Salle University

December 2021

Participation in Virtual Presser of DOST-PNRI for Atomic 
Energy Week-49 

December 2021
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Thank You!


