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Executive Summary

Black Carbon (BC), a known component of air particulate matter from incomplete combustion of
solid and liquid fuels, is manifested by the blackness of the filter paper after it is exposed in the
atmosphere with the aid of active sampling techniques.

The World Health Organization (WHO), in its most recent publication on air quality’,
acknowledges that measurement of black carbon is a good practice, specifically for the use in
exposure assessments and source apportionment studies. Measurement of black carbon within the
relevant jurisdiction may also be used in evaluating air quality improvements, and in setting-up
appropriate targets towards its reduction.

The Cordillera Administrative Region (CAR) initiated the Study on Air Particulate Matter Filters
for Black Carbon in response to the pressing concerns on the air quality in high altitude urban
communities. Specifically, 126 unique PM10 filter samples from DENR-EMB-CAR monitoring
sites in Baguio City (Forestry, Plaza Garden and PEZA) and La Trinidad, Benguet (Capitol/LTB)
were submitted to the University of the Philippines Diliman College of Science Institute of
Environmental Science and Meteorology for the determination of its BC concentration levels.
These filter samples were sampled for 24 hours using US EPA reference equipment, and are
sampled every six days from April 2019 to January 2022. The percentage of BC in PM10 in the
monitoring sites was lowest in Forestry (5.9%BC in PM10), followed by PEZA (8.7% BC in
PM10), Capitol/LTB (9.5% BC in PM10). The largest percentage of BC during the period covered
is observed in Plaza Garden station at 12.7% BC in PM10.

The range of short term (24-hr) sampled BC in PM10 among all monitoring sites is from 0.4
ng/NCM to 14.3 pg/NCM. Around 25% of the BC in PM10 is below 1.4 ng/NCM, while another
25% of the PMI10 filter samples have BC above 7.8 ug/NCM. Taking the 2019 and 2020
arithmetic mean marked an annual BC in PM10 concentration of 5.7 ug/NCM and 3.9 pg/NCM,
respectively, approximately 10% of the annual PM10 concentration values.

Overall, a reduction of 17% to 41% in PM10 BC levels while in the pandemic were observed in
the monitoring stations when compared to pre-pandemic situations, strengthening the evidence
that BC levels in PM10 can be decreased when control measures to manage pollution from vehicle
sources are in place.

! World Health Organization. (2021). WHO global air quality guidelines: particulate matter (PM2.5 and
PM10) ozone, nltrogen dioxide, sulfur dloxude and carbon monoxide. World Health Organization.
ps.//apps.who.int/iris/handle/1 0 5329. License: CC BY-NC-SA 3.0 1GO



Preface

The Study on Air Particulate Matter Filters for Black Carbon - EMB-CAR is an initiated study
by the Environmental Management Bureau, Cordillera Administrative Region, funded under the
Air Quality Management Fund (AQMF). The technical service provider has started working on
the initially submitted set of filter samples for the HAZAP Phase 2 Project of the DENR EMB
Central Office submitted in November 2021, composed of 60 filters from the 2020 monitoring of
EMB-CAR. A second Batch of filters were received on February 9, 2022, composed of 70
additional air particulate matter filters. These filters are samples from KMO, PEZA, BSU and La
Trinidad from April 2019 to January 2021. A chapter introducing the concepts of black carbon
and its relevance in air quality and climate change are discussed in the Introduction. The Methods
chapter details how the filter samples were collected, where the filters are sampled, how the filters
were analyzed for black carbon, and how the data were validated. The analysis results and
discussion are focused on the descriptive statistics of individual filter samples per sampling
location, as well as the time-series of the black carbon levels from 2019-2021. The percentages
of black carbon in the PM10 concentration are also visualized in pie charts and bar graphs.

Appendices are provided detailing the numerical values of the black carbon levels of the

individual filter samples.
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I. Introduction

The problem of air pollution due to black carbon has long been recognized as one of the man-made
crises that require immediate attention (Fenger, J., 2009; Bach, W., 1976). Black Carbon (BC),
often known as soot, is a prevalent air contaminant found in the environment. Black Carbon is a
complex collection of highly absorbent particles released when fossil fuels, biomass, and biofuels
are burned incompletely. Black carbon is a significant contaminant contributing to climate change
and human health issues (Mishra, V. 2003). The incomplete combustion of fossil fuels, wood, coal,
and biofuels (Goldberg E.D, 1985) produces it. The burning of agricultural fields releases a

massive amount of black carbon into the atmosphere, while forest fires significantly impact
pollution.

Determination of the baseline levels of BC are essential since insufficient data are unavailable
globally to provide recommendations for air quality guideline values (AQGYV) levels. Actions to
enhance further baseline research on the risks of BC exposure and approaches for mitigation need
to be underscored in the soonest time, as evidence on the health concerns related to these pollutants
are becoming available.

The Department of Environment and Natural Resources (DENR), together with the Environmental
Management Bureau (EMB) and Environmental Pollution Studies Laboratory (EPSL) under the
University of the Philippines Institute of Environmental Science and Meteorology (UP IESM), has
been taking extra steps and countermeasures in analyzing the BC in the different parts of the
Philippines, for this instance the main focus of the study will be in CAR.

The primary objective of this research is to offer basic information on the state of BC in CAR.
Furthermore, to estimate PM and BC concentrations, multi wavelength studies (mostly focused on
639 nm) were used. The findings of this research will assist the local government and other

interested parties in developing and improving environmental laws and regulations to safeguard
the public from the negative impacts of air pollution.



I[I. Method

2.1. Gathering of Filter Samples

The DENR-EMB-AQMS has started sending the PM filters sampled from the monitoring stations
nationwide, since November 2020. The filters, after subjecting to DENR sampling procedures,
are preserved in cold storage (4-- degrees Celsius) during delivery, and are delivered to University
of the Philippines Institute of Environmental Science and Meteorology-Environmental Pollution
Studies Laboratory (UP-IESM-EPSL) on a per-batch basis.

The second batch of filters were received in UP IESM-EPSL on February 9, 2022. As a protocol
for the HAZAP Project, the filters were documented, checked for data sheets, analysed for Black
Carbon and then sent to DENR-EMB-ERLSD for As, Cd, Hg, Pb (HAZAP Project) using XRF
on March 11, 2022. The electronic data sheet containing the corresponding sampling data of the
second batch of filters were received on April 16, 2022.

2.2 Sampling Location

The DENR-EMB CAR personnel collected the datasets from the air quality stations located in the

region (Table 1 and Figure 1). For this study, the samples of PM10 fractions were collected from
September to December of 2020 in the DENR-EMB CAR Stations (Table 1).

Table 1. The stations from CAR and their specific coordinates.

Station Name Station Code Latitude Longitude
College of Forestry BSU
Compound, La Trinidad, Benguet Forestry 16.4562971 120.5942209

Plaza Garden Lower Session Road
Baguio City Plaza Garden 16.410921 120.5992743

Provincial Capitol Hall Ground,
KM 6, La Trinidad, Benguet Capitol(LTB) 16.462553 120.58771

Philippine Economic Zone
Authority Baguio Ecozone (PEZA)
Compound Loakan Road Baguio

City PEZA 16.3801 120.6182
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Figure 1. Plotted map of the CAR stations.

It is illustrated in Figure 1 the DENR-EMB air quality monitoring stations in CAR. The
chosen sampling sites are located near the mountains and roadsides. For example, Mt.
Kalugong is located near the BSU Compound AQMS. Meanwhile, Plaza Garden and
Capitol Hall AQMS are situated near the urbanized roadsides. Lastly, PEZA station is
located inside the Philippine Economic Zone Authority compound in CAR.



2.3 Sampling Method

The filter samples were gathered using the BGI PQ100 2890 and 2150. The samples were
measured every 6th Day and lasted for 24 hours each sampling. Furthermore, the calculation and
statistics of the data from the study were processed using Microsoft Office® Excel 2019, and
Origin Lab, 2016.

2.4. ANSTO-MABI Instrument

Black carbon (BC), often known as light-absorbing carbon (LAC), is a crucial component of PM.
Environmental management authorities and researchers can benefit significantly from a precise
and accurate evaluation of BC's content and source contribution in air particle samples. Analysis
of Black Carbon of the filter samples was performed using MABI -a Multi-wavelength Absorption
Black Carbon Instrument developed by the Australian Nuclear Science and Technology
Organization. MABI uses a seven (7) wavelengths: 405nm, 465nm, 525nm, 639nm, 870nm,
940nm, and 1050nm ("Multi-wavelength Absorption Black Carbon Instrument (MABI) Manual,"
n.d.). The goal is to use different wavelengths of light to discern better the various BC size fractions
obtained in a sample. The distinct BC size fractions emanating from wood smoke or motor vehicles
may subsequently be distinguished.

Following the recommendations from the ANSTO, the value of 639 nm will be used, which was
the recommended wavelength for 47mm Teflon filters by ANSTO ("Multi-wavelength Absorption
Black Carbon Instrument (MABI) Manual," n.d.; (Manohar, M. et al., 2021; Ry$ & Samek, 2021).
Additionally, an indicative presence of organic carbon may also be deduced from the wavelengths
less than 500 nm, however, there is no published method yet to quantify the organic carbon as
micrograms per normal cubic meter.

2.5. Validation of BC results from MABI using Thermal Optical
Techniques.

The results of MABI analysis were validated using thermal optical Techniques. Selected filter
samples were packed last June 16, 2022 for analysis of Organic Carbon and Elemental Carbon in
Korea Institute of Standards and Science (KRISS), using Thermal Optical Techniques. The
analysis was conducted from July 5, 2022 to July 15, 2022 by Dr. Mylene G. Cayetano, and the
team of Dr. Jinsang Jung of KRISS.

Selected filter samples were analyzed for organic carbon and elemental carbon (OC/EC) using
thermal-optical techniques (Sunset Labs). The selection of the filters were done in such a way as
to represent the high-level BC and the low-level BC. Ten filters were chosen from the first quartile
to represent the low-level BC values, while 10 filters were chosen from the fourth quartile to
represent the high-BC values.



II1. Results and Discussion

3.1. Descriptive Statistics of the Results

The raw data obtained using MABI were calculated accordingly using the Intensity values from
the wavelength of 639 nm. A visual presentation of the notable descriptive statistics of the black
carbon levels and PM10 levels per monitoring site are presented in Table 2. Included are the photos
of the actual filters corresponding to the minimum levels of BC, maximum levels of BC and largest
percentage of BC in PM10.

Table 2. Visual presentation and descriptive statistics of the BC levels in PMo in the air filter
samples from CAR in 2019-2021.

MInimum BC in PM 1o

Maximum BC in PMio

Max % of BC in PM

Forestry

No. of samples: 24
Mean BC: 1.0+0.9

Oct 29, 2020

BC: 0.4 pg/NCM
PM10: 10 ug/NCM
%BC: 4%

Dec 29, 2020

BC: 4.8 pg/NCM
PM10: 54 pg/NCM
%BC: 9 %

Aug 25,2019

BC: 0.7 pg/NCM
PM10: 2.5 ug/NCM
%BC: 61 %

Plaza Garden

No. of samples: 38
Mean BC: 6.7 + 2.1
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July 31,2019

BC: 2.5 pg/NCM
PM10: 23.1 ug/NCM
%BC: 11 %

Aug 24, 2019

BC: 14.3 ug/NCM
PM10: 63.7 ug/NCM
%BC: 22 %

April 2, 2019

BC: 8.1 ug/NCM
PM10: 20.9 ug/NCM
% BC:39 %




Capitol(LTB)

No. of samples: 38
Mean BC: 6.9+ 2.0

January 135, 2021
BC: 1.0 ng/NCM
PM10: 9.9 ug/NCM
%BC: 10 %

August 30, 2019
BC: 11.2 ug/NCM
PM10: 28.8 ug/NCM
%BC: 39 %

August 30,2019

BC: 11.2 pg/NCM
PM10: 28.8 ug/NCM
%BC: 39 %

PEZA
No. of samples: 27
Mean BC: 2.2 +2.3

. B

B 5
R

August 14. 2019

BC: 0.8 ng/NCM
PM10: 22.4 pg/NCM
%BC: 4%

January 13, 2021
BC: 13.0 pg/NCM
PM10: 156 pg/NCM
% BC: 8%

Nov 28,2019

BC: 2.4 ng/NCM
PM10:5.4 png/NCM
%BC: 44%

The percentage of BC overall sampling per site during the sampling period from 2019-
2021 1s visualized in the pie chart in Figure 2. As hypothesized, the Forestry station marked the
smallest percentage of BC in PM10, at 5.9%. On the other hand, the maximum percentage of BC
in PM10 is observed from the Plaza Garden monitoring station, at 12.7%. The stations in Capitol
(LTB) and PEZA both garnered a percentage of BC in PM10 at around 9%.
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Figure 2. Percentage of BC in 24hr PMic samples over all sampling days per monitoring site

Time-series representation of the BC levels at each site from 2019-2021 are presented in Figures
3- 6. showed a prominent peak during January 28, 2020 in Capitol (LTB). It also shows a high
peak that occurred in PEZA on 13 January 2021. The sites corresponding to roadside sites exhibit

a relatively higher range of BC levels, compared to those that are at certain distances away from
the road, due to roadside emissions.

Moreover, the lowest value for 639 nm was recorded in Forestry station on October 29, 2020 with
0.4 ug/NCM as shown below.
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Results showed that PM Mass concentrations for PM10 in CAR ranged from 1.0 pg/NCM (PEZA)
to 156 pg/NcM (Capitol Hall), with an average of 45.4 pg/NCM (Figure 3). The average PM10
concentration in CAR complied with the NAAQGYV of the Philippine Clean Air Act of 1999 which

is (annual) 60 pg/NCM, however, it exceeded the guideline values set by the WHO which is 20
ug/m3 by 13%.

Table 3. Descriptive Statistics of the Black Carbon Levels and PM10 concentration, all sites and
all samples from CAR (2019-2021)

Descriptive Overall Arithmetic Mean BCin  Overall Arithmetic Mean |

statistics PM10, ug/NCM PM10, ug/NCM

Mean 4.7 455

SD 3.2 34.9

MIN 0.4 1.0
MAX 14.3 156.0

IQRI1 1.4 20.0

IQR3 7.8 63.9

count 126 126

Annual Arithmetic Mean BC in | Annual Arithmetic Mean
Annual Mean PM10, ug/NCM PM10, ug/NCM Count
2019 5.7 51.6 51
2020 3.9 394 67
2021 5.2 58.7 8

*Data are from April to December 2019

“* There were no filter samples during the onset of the pandemic from March - September, 2020

“*Data are from January 2021 measurement only.
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Figure 7. Box plot of Black Carbon Concentration in PM10 filters from CAR, 2019-2021

Using the boxplots of the BC concentrations per station, it can be seen that relatively
higher mean, median and interquartile ranges occur in roadside stations of Plaza Garden

and Captiol/LTB. PEZA and Forestry stations, on the other hand, have BC levels that are
relatively lower in concentration.



3.2 Selected air particulate matter optical properties as indicator of organic carbon

According to the mass balance principle, the sum of the individual component masses cannot
be greater than the mass of the whole. Hence, the values derived from the wavelength 400-
500 nm can only indicate the presence of Organic carbon, but cannot at this point and with
its current set of parameters indicate the actual mass of the organic carbon.

3.3 Discussion on the Validation Results

Specific to DENR-EMB-CAR filters, the coefficient used to calculate the Black carbon
concentration (epsilon) was derived using the validation data from Thermal Optical
Techniques. Details of which will be discussed in a technical report being prepared by Dr.
Mylene G. Cayetano, in coordination with Partnership for Clean Air, Inc. (PCA) Technical

& Research Team and will be submitted to a reputable scientific journal for possible
publication.

Recalculation of the results after validation resulted in some percentage of BC in PM10 being
greater than 100%, specifically those from the PEZA station. Note that the PM10 values used
were from the DENR-EMB-CAR, while the BC values were from the MABI analysis used
in this study. The best way to resolve this is to re-check the instruments used in each of the
calculations. Since the MABI analysis results were validated using a Thermal Optical
Technique, it is best to also validate the results of the PM10 analysis. Hence, since this is an
inherent result due to calculations involving two unique instruments, the samples that
resulted from this were not removed in the analysis.

3.4 Decrease in BC levels during the pandemic

From Appendix 6 to Appendix 8, aside from descriptive statistics, the percentage of
reduction in PM10 BC concentration levels were illustrated in numbers. In the calculation,
and also indicated, the pandemic period considered was only until Dec 2020. During the
pandemic period, when the number of motor vehicles were lessened, there were observed
20% to 28% reduction in BC in the roadside stations (Plaza Garden and Capitol/LTB), and
17% reduction in BC in PM10 in background stations (Forestry). The industrial location
marked the highest decrease in BC in PM10 at 41% when compared to pandemic levels of
BC in PM10.



1v. Summary and Recommendations

4.1 Summary

In summary, this study provides baseline information black carbon concentrations in PM10
sampled from the Cordillera Administrative Region (CAR) in 2019-2021. Overall, from the
126 valid air particulate matter filters sampled for 24 hours, the mean levels of BC ranges
from 0.4 to 14.3 ug/NCM. Roadside stations of Plaza Garden and Capitol/LTB exhibit
higher ranges in BC, both at mean concentration of 6.7 pg/NCM , while those that are
distances away from the roadside (Forestry and PEZA) have BC levels that have an average
of 1.0 ug/NCM and 2.2ug/NCM, respectively. Reduction of 17% to 41% in PM10 BC levels
while in the pandemic were observed in the monitoring stations when compared to pre-
pandemic situations, strengthening the evidence that BC levels in PM10 can be managed
when control measures to manage pollution from vehicle sources are in place.

4.2 Recommendation

The baseline levels of BC are determined in this study are essential in providing
recommendations for air quality guideline values that are applicable in the Philippine setting.

The results from this study may also be used as input to source apportionment studies, in
order to determine what are the other contributors to the PM10 . Note that it was found out
from this study that BC contributes to around 10% of the PM10 mass concentration.

It is also suggested to utilize the results from this study in taking action in the management

of air pollution from mobile sources. It is known that BC is mostly coming from incomplete
combustion of vehicles.

Lastly, it 1s suggested to write the results and discussion in a format suitable for scientific
publication, once the data processing of the additional information (organic carbon and
elemental carbon using thermal optical techniques) and analysis are in satisfactory format.
This may benefit the individuals from the DENR-EMB-CAR and from the Consultancy firm
(Partnership for Clean Air, Inc.) as they may be invited as co-author, depending on their
substantial contribution to the conceptualization, collection of data, conduct of the laboratory
analysis, and construction of the paper, until its eventual publication.
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VI ANNEXES

. The Technical service provider has started working on the initially submitted set of filter

samples for the HAZAP Phase 2 Project of the DENR EMB Central Office submitted in
November 2021, composed of 60 filters from the 2020 monitoring of EMB-CAR. A
second Batch of filters were received on February 9, 2022, composed of 70 additional air
particulate matter filters.

. These filters are samples from KMO, PEZA, BSU and La Trinidad from April 2019 to

January 2021. For context, the DENR-EMB-AQMS has started sending the PM filters
sampled from the monitoring stations Nationwide, since November 2020. The filters, after
subjecting to DENR sampling procedures, are preserved in cold storage (4-- degrees
Celsius) during delivery, and are delivered to University of the Philippines Institute of
Environmental Science and Meteorology-Environmental Pollution Studies Laboratory
(UP-IESM-EPSL) on a per-batch basis.

. The second batch of filters were received in UP IESM-EPSL on February 9, 2022. As a

protocol for the HAZAP Project, the filters were documented, checked for data sheets,
analysed for Black Carbon and then sent to DENR-EMB-ERLSD for As, Cd, Hg, Pb
(HAZAP Project) using XRF on March 11, 2022. The electronic data sheet containing

the corresponding sampling data of the second batch of filters were received on April 16,
2022.

. The analysis of the filter samples were performed using a Multi-wavelength Absorption

Black Carbon Instrument (MABI). The results of MABI analysis were validated using
thermal optical Techniques. Selected filter samples were packed last June 16, 2022 for
analysis of Organic Carbon and Elemental Carbon in Korea Institute of Standards and
Science (KRISS), using Thermal Optical Techniques. The analysis was conducted from

July 5, 2022 to July 15, 2022 by Dr. Mylene G. Cayetano, and the team of Dr. Jinsang
Jung of KRISS.
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EX 6. Descriptive statistics of Black Carbon levels in PM10 filter samples from F

Station, 2019-2021
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DENR Compound, Gibraltar Road

Baguio City

SUBJECT: Submission of Final Report: Source Apportionment Studies for EMB-CAR

Dear RD Abrera:

Respectfully submitting the FINAL REPORT as part of the deliverable of the commissioned work,
“Consultancy Services for the Source Apportionment Studies of Air Particulate Matter Filters for
EMB-CAR? of the Department of Environment and Natural Resources (DENR), Environmental
Management Bureau - Cordillera Administrative Region (EMB-CAR).

Remarkable finding was that of the PM10 sampled between April 2019 to January 2021, the largest
source of PM10 was from BIOMASS BURNING (Open burning): 49.5% in Plaza Garden station,

43% in Previncial Capitol Station and 31% in PEZA Loakan station. Vehicle emission sources range
from 30-31% of PM10 in the three stations.

We sincerely hope that this study may help in the better management of open burning sources in the
Cordillera Administrative Region. Please feel free to schedule the consultation meeting with the
EMB-CAR officers and stakeholders in relation to the results of the findings.
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Executive Summary

Air particulate matter filters collected between April 2019 to January 2021 collected from
the four monitoring stations of EMB-CAR were submitted by the EMB-Central Office to
the Environmental Pollution Studies Laboratory of the Institute of Environmental Science
and Meteorology, University of the Philippines- Diliman (EPSL-IESM-UPD) . The one
hundred twenty six (126) air particulate matter filter samples (PM10) underwent a series
of laboratory analysis for twenty two (22) chemical species, (Black Carbon [BC], Arsenic
[As], Cadmium [Cd], Mercury [Hg], Lead [Pb], Aluminum [Al], Chromium [Cr], Copper [Cu],
Manganese [Mn], Nickel [Ni], Zinc [Zn], Chlorine [CI], Sulfate [SO,?, Nitrate [NO;"], Phosphate
[PO,4?, Lithium [Li*], Ammonium [NH,"], Potassium [K*], Magnesium [Mg*¥], Fluoride [F], Calcium
[Ca*™] and Sodium [Na‘]). Twenty-one (21) of the chemical species were included as input
parameters in the source apportionment analysis using a positive matrix factorization
(PMF) modeling. Six factor sources were resolved using the in-house emission factors
from the EPSL-IESM-UP Diliman, which are applicable to the PM10 sampled between
April 2019 to January 2021 in Provincial Capitol, Plaza Garden (KM0) and PEZA, Loakan
Baguio City. It was not possible to analyse the PM10 samples from the Forestry station,
nevertheless, this site was considered as background station.

The six factor sources were further resolved into three sources, with the vehicle sources
resolved into gasoline-fed and diesel-fed vehicle sources. For the duration and site
(CAPITOL, KMO and PEZA) of the submitted PM10 samples, biomass emissions sources
comprise the highest fraction of PM10, ranging from 31% to 49.5% of the emission
source, while road dust contributes 7% to 25%. Vehicle sources, ranging from 30% to
31%, is made-up of 9.5% to 13%% emissions from diesel-fed engines, while 18% to
21.4% are emissions from gasoline-fed engines. When classified according to DENR
emission classification where the biomass emissions and road dust comprises the ‘area
sources’, while vehicle emissions ‘mobile sources, the resolved factor sources has
generated 30% to 31% from mobile sources (diesel and gasoline-fed vehicles) and 56%
to 58% from area sources (biomass emissions, road dust and others).

These apportioned sources and their contributions are site specific and period specific.
Hence, the results from this study are applicable to PM10 sampled between 2019-2021 in
Provincial Capitol (LTB), Plaza Garden (KMQ) and PEZA Loakan Baguio City.
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Preface

The DENR-EMB-Cordillera Administrative Region (DENR-EMB-CAR), through its
air quality monitoring network, has collected the PM10 samples from KMO, PEZA,
BSU and La Trinidad from April 2019 to January 2021 for source apportionment
analysis. The PM10 filter samples were submitted to the Environmental Pollution
Studies Laboratory of the Institute of Environmental Science and Meteorology,
University of the Philippines, Diliman. This report contains the report on the
analysis performed on the filters, from receiving, cutting into portions, digestion,
data analysis and diagnostics.
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List of Abbreviation
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l. Introduction

1.1. Source Apportionment Studies as a tool for Air Quality Management

To better understand the emissions and transport of particulate matter in an area,
receptor models are efficient tools that can give better estimate of the pollutant sources,
based on relative abundant fractions of tracer elements that facilitate profile identification
(Cayetano MG, 2012). Receptor models can facilitate the identification of pollution
sources and give a quantitative estimation of the emission rates of the pollutants. More
so, receptor models gives a better understanding of the transport of the substances from
the source to the downwind locations and can give insight on the physical and chemical
transformation process that can occur during transport, wherein the overall key is the

aerosol mass balance.

1.2. Positive Matrix Factorization

In brief, receptor models are management tools for air quality studies that involve the
quantitative estimation of the emission rates of the pollutants, identification of the pollution
source, understanding of the transport of substances from sources to downwind locations
and the knowledge of the physical and chemical transformation process that occur during
that transport (Hopke 2009). In one of his presentations, Philip Hopke stressed out that
“receptor models focus on the behavior of the ambient environment at the point of
impact”, compared to “source oriented models that focus on the transport, dilution, and
transformations that begin at the source and follow the pollutants to the sampling or
receptor site” (Hopke 2011). The key in receptor modeling is conservation of mass.
Details of which are presented in technical papers elsewhere (Malinowski 1991), the most
common software is the one that uses Positive Matrix Factorization, PMF (Paatero 1997;
Paatero 1999) is a weighted least squares model, weighted based on known uncertainty

(error) of the elements of the data matrix (Paatero 1997), (Ramadan et al. 2003).
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Il. Method
2.1. Gathering of Filter Samples

The DENR-EMB-AQMS has started sending the PM filters sampled from the monitoring stations
nationwide, since November 2020. The filters, after subjecting to DENR sampling procedures,
are preserved in cold storage (4 degrees Celsius) during delivery, and are delivered to University
of the Philippines Institute of Environmental Science and Meteorology-Environmental Pollution
Studies Laboratory (UP-IESM-EPSL) on a per-batch basis.

The second batch of filters were received in UP IESM-EPSL on February 9, 2022. As a protocol
for the HAZAP Project, the filters were documented, checked for data sheets, analysed for Black
Carbon and then sent to DENR-EMB-ERLSD for As, Cd, Hg, Pb (HAZAP Project) using XRF on
March 11, 2022. The electronic data sheet containing the corresponding sampling data of the
second batch of filters were received on April 16, 2022.

2.2 Sampling Location
The DENR-EMB CAR personnel collected the datasets from the air quality stations located in the
region (Table 1 and Figure 1). For this study, the samples of PM10 fractions were collected from

September to December of 2020 in the DENR-EMB CAR Stations (Table 1).

Table 1. The stations from CAR and their specific coordinates.

Station Name Station Code Latitude Longitude
College of Forestry BSU Compound, La Trinidad,
Benguet Forestry 16.4562971 120.5942209
Plaza Garden Lower Session Road Baguio City Plaza Garden 16.410921 120.5992743
Provincial Capitol Hall Ground, KM 6, La Trinidad,
Benguet Capitol(LTB) 16.462553 120.58771
Philippine Economic Zone Authority Baguio Ecozone
(PEZA) Compound Loakan Road Baguio City PEZA 16.3801 120.6182

10
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Figure 1. Map of the CAR sampling stations.

Figure 1 plots the DENR-EMB air quality monitoring stations that are considered in this source
apportionment study for the EMB-CAR. The chosen sampling sites are located near the mountains
and roadsides. For example, Mt. Kalugong is located near the BSU Compound AQMS. Meanwhile,
Plaza Garden and Capitol Hall AQMS are situated near the urbanized roadsides. Lastly, PEZA

station is located inside the Philippine Economic Zone Authority compound in CAR.
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2.3 Sampling Method

The filter samples were gathered using the BGI PQ100 2890 and 2150. The samples were
measured every 6th Day and lasted for 24 hours each sampling. Furthermore, the calculation and
statistics of the data from the study were processed using Microsoft Office® Excel 2019, and
Origin Lab, 2016.

2.4. Characterizing the chemical components of the PM10 samples
The PM10 filter samples received by the DENR-EMB Central office were sent to the University of

the Philippines Diliman Institute of Environmental Science and Meteorology for the analysis of its
components.

Black carbon (BC) of the filter samples was performed using MABI - a Multi-wavelength
Absorption Black Carbon Instrument developed by the Australian Nuclear Science and
Technology Organization, following the recommendations from the ANSTO to use the value of 639
nm, and with values calculated using the algorithm from the user’'s manual that leads to a final
concentration as micrograms per normal cubic meter. After BC analysis, the filters were brought to
the EMB-ERLSD for the determination of As, Cd, Hg and Pb using X-ray Fluorescence
spectrophotometry.

The filters were then returned back to UP-IESM for partitioning into four parts. The first quarter
was digested in order to extract the total metals that are within the PM10 filter samples. The
ETHOS UP microwave digester of the EPSL-IESM-UPD was used. This process lowers the risk of
contamination, and speeds up digestion. The ETHOS UP has a database which lists different
matrices to be analyzed and the corresponding reagents that must be used before proceeding to
the actual process of microwave-assisted digestion. In the methodology developed (Cayetano,
2020a), dilute nitric acid was used instead of concentrated nitric acid which was a modification in

the instrument protocol. Although dilute nitric acid was used in the method, no traces of solids
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were separated since the final solution after digestion was a clear solution. The solution
was then submitted to CRL labs for quantification of the trace elements using either
inductively-coupled plasma — optical emission spectrometry (ICP-OES) which detected
presence of trace elements due to its very low detection limit, or Flame Atomic Absorption
Spectrophotometry (FAAS). The trace elements analysed were Al, Cr, Cu, Mn, Ni and
Zn.

The second quarter portions of the PM10 filters were packed and sent to Korea Research
Institute for Standards and Science for the determination of eleven (11) ion components
namely: Chlorine [CI], Sulfate [SO,?], Nitrate [NO;"], Phosphate [PO,*], Lithium [Li"],
Ammonium [NH,*], Potassium [K'], Magnesium [Mg*?], Fluoride [F], Calcium [Ca*?]
and Sodium [Na*]. The second portion was placed in pre-cleaned nutrient-free extraction
bottle and was extracted with 15 mL organic-free ultrapure water under ultrasonication
(Power Sonic 410) for 30 minutes. Extracted samples were then filtered through a 0.45
um syringe filter (Pall Gelman Acrodisc®) to remove water-insoluble suspended
materials. Filtered water extracts were placed in test tubes with lid, labeled and stored in
refrigerator at 4°C until further analysis. An aliquot (1.2 mL) of the water extract was used
in the analysis of the cations: [Na*], [K*], [NH,*], [Ca?'] and [Mg?']. These were measured
using ion chromatography (IC), Thermo Fisher Scientific, Dionex ICS-5000, employing
similar analytical conditions used by Jung J. et al. (2014) which are summarized in Table
2. Analysis for anions, on the other hand, was carried out using Dionex, DX 120 ion
chromatography. About 1 mL of each of the water extracts was used in the analysis.

Analytical conditions employed are also shown in Table 2.
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Table 2. Analytical conditions used in the analysis of water-soluble components.

Parameters Conditions
Anion Cation
Column lonPac AS15 (3x150mm) lonPac CS-12A (4x250 mm)
Detector Thermal Conductivity Detection Thermal Conductivity Detection
Eluent KOH Methanesulfonic acid (MSA)
Eluent flow rate (mL/min) 0.5 1.0

Measurement calibrations for cation were performed using Dionex Six Cation-Il Standards. Cation
standard concentrations used in the analysis were 0.2, 0.5, 1.0, 2.0 ug/mL (ppm). Standards were
measured before and after each analytical sequence of analysis. Filter and water blanks were
employed for every batch of analysis, while spiked filter samples were also analyzed in every
batch of 25 samples. The same protocol was employed for the analysis of anion using Dionex

Seven Anion Standard Il as standard reference material.

A third portion of selected PM10 filter samples are also packed and sent to KRISS for the
validation study of black carbon results MABI analysis. Details of which are discussed in the Final
Report of the Black Carbon Study of EMB-CAR Filters.

2.5 Preliminary data analysis

The resulting chemical species data underwent data screening and mass balance
calculation. The data screening includes calculation of the detection limit, descriptive
statistics, interquartile ranges and finally grouping according to sites. The final output of
the preliminary data analysis is the set of concentration files and the uncertainty files of
the PM10 samples, grouped according to the monitoring site: Forestry, PEZA, KMO and
Capitol.
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2.6 Phase | data analysis

Phase 1 data analysis involves plugging-in the prepared concentration files and the
uncertainty files of the PM10 samples in the PMF Model The PMF modeling was
conducted using US EPA PMF v5.0 GUI. In the PMF analysis, the selection of chemical
species is imperative, while accepting and rejecting variables (species and samples) are
crucial. When optimizing the number of factors, it is necessary to look closely at the PMF
run that apportions the PM10 on all factors. A run is disqualified when it results in at least
one factor having PM10 equals zero. The resulting output of phase 1 data analysis are
the spreadsheets of the chemical profiles of the factor sources, Time series of
contribution per factor and the diagnostic files. Results of the Phase 1 data analysis are
presented in ANNEXES 5-7.

2.7 Phase Il data analysis

The output of Phase 1 data analysis, chemical profiles of the factor sources are then
plugged-in the in-house spreadsheet of Environmental Pollution Studies laboratory
(EPSL) that contains the indicative chemical fingerprints of emissions (emission factors)
such as vehicles emissions, VE (gasoline and diesel fuels), biomass burning, BB (fuel
wood, rice straw, charcoal, saw dust, cooking) and road dust, RD. The combination of
chemical fingerprints of the emission sources are categorized as weak, probable and
strong emission factors. The resulting report of the Phase 2 data analysis are the
identified factor sources with corresponding percentages in the PM 10, as well as the

calculated percentages of the identified sources in the overall PM10 per monitoring site.
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ll. Results and Discussion

3.1 Preliminary Data Analysis Results

The results of preliminary data analyses for Forestry, PEZA, Capitol and KMO are presented in
ANNEXES 1-4. The tables also showed the percentages of the components in PM10 (mass

balance) in which when combined as an accumulated sum of components, some sampling days

exceed the measured PM10 (last column, green cells). These may be due to sampling
uncertainties among all parameters which is an expected source of error because of the
varying analytical techniques involved. The preliminary data analysis resulted in the

elimination of the ions Fluoride [F] and Lithium [Ca*?] in the Phase 1 data analysis.

The method detection limits (MDLs) are also presented in the tables in ANNEXES 1-4 the
MDLs are determined using the concentrations obtained from the filter blanks. When the

sample concentrations are below the Method detection limit, these are substituted with 7%
MDL.

The number of sampling dates considered for the Source apportionment modeling are 26
dates for PEZA, 37 dates for Capitol and 39 dates for Plaza Garden. Seventy-five (75)
percent of the PM10 for Forestry is below 1.3ug/m3, which makes it a background station.
Unfortunately, the number of sampling dates (25) for Forestry station is not enough to be
accepted by the PMF modeling software. Hence, the three stations (PEZA, Capitol and
Plaza Garden) proceeded in the Phase | and Phase Il data analyses.

To get an idea on how high the results of the Phase | analysis are, the 75th percentile of
the concentration of PM10, as well as the concentrations of the major chemical species
considered are also presented in Table 3. The 75th percentile tells about the level at

which 75% of the data points of the said chemical components may be found.
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Table 3. 75th percentile of the PM10 and major chemical species for Forestry, PEZA, Capitol and
Plaza Garden

Forestry PEZA Capitol Plaza Garden
Number of filter 25 26 37 39
samples
Selected Chemical 75th percentile
Species
PM10 1.3 26.8 99.3 63.7
BC 1.00 2.4 8.1 8.0
[S0,7 0.06 0.1 0.1 0.1
[NO,T] 0.02 0.02 0.04 0.03
PO, 0.03 0.03 0.03 0.03
[NH,"] 0.05 0.1 0.1 0.2
K 0.14 0.2 0.3 0.2
Chemical species As, Pb [CI], As, Pb [CI], As, Hg, Ni, Pb
with
P <0.05

3.2 Phase 1 Data analysis

The PMF input data consisted of 21 species (including PM10 mass), with species input set to a modeling
uncertainty of 10-20%, and resulting in a signal to noise ratio of 0.1-8.6. The PMF run output passed the
diagnostic statistics, at six factor profiles, which resolved the average PM10 in the filter portion from 0.83
ug/m3 to 8.95 ug/m3 for PEZA, 0.38 ug/m3 to 27.37 ug/m3 for CAPITOL, AND 2.92 ug/m3 to 16.63 ug/m3
for Plaza Garden (KMO) . The residuals did not exceed +/- 5, except for a few, but are still within acceptable
results. Report on the input data, and the satisfactory output data, including descriptive statistics, correlation
coefficients, standard error, FPEAK runs selected and base model runs are presented in ANNEXES 5-7
(Results of Analysis, EPSL).
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3.3 Phase 2 Data Analysis

The six factor profiles were then subjected to Phase 2 analysis (Diagnostics of Profiles and
contributions), using the emission factors from a look-up table of emissions generated in-house
(Cayetano 2020c, EPSL-IESM-UPD), and are guaranteed emissions sourced from the
Philippines. The ratio of the indicator elements were compared to the emission factors (EF) of the
EPSL-IESM-UPD, with indications of 25%, 50% and 100% chances that the ratio of the PM10
samples matches that of the EF. The indicator elements are those that are coming from the
vehicle emissions (VE), which can be resolved into either diesel or gasoline source. Also included
are indicator elements for biomass burning (BB) and road dust (RD). It is important to note that
RD and coarse dust will be mentioned as emission source in the succeeding discussion, in which
the major difference is that RD are the emission source that are identified using the elemental
indicators from the EF, while ‘coarse dust’ are the fraction of PM10 resolved during the PMF run
after the all the 20 species are diminished from the Total PM10. The resolved coarse dust are
then apportioned with the amount ofVE, BB and RD that are resolved in the PM10.The resolved
coarse dust are presumed to be those portions of PM10 that are insoluble in water, but formed a
part of the chemical signatures that are considered in the Phase 1 data analysis. There will also
be a mentioned “other coarse dust” in which are assigned to those remaining unresolved fraction
of the PM 10. The resolved PM10 factors were then assigned and presented in Tables 3-5.

The PM10 concentration from PEZA ranges from 1.0 ug/m3 to 74.0 ug/m3 out of 26 unique
sampling data from July 20, 2019 to January 30, 2021. Source apportionment modeling resolved
24% in slight correlation with observed data (r2 = 0.57, Figure 2) of the observed PM 10. This
fraction of PM10 is then resolved into six (6) factors sources (Table 4). The contribution of the

resolved factors in the PM10 samples are plotted in a time series in Figure 3.
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The highest PM 10 was resolved in Factor 1, which comprises 93% of coarse dust that
are made up from biomass burning and vehicle emissions sources, two percent (2%) of
which are black carbon. The rest of the components of Factor 1 (5%) are made-up of
biomass burning and vehicle emissions. The sample from December 9, 2020 gained the
highest contribution of coarse dust, while the filter sample from Nov 27, 2020 marked the
lowest coarse dust fraction. Factors 2 and 6 gained the second and third highest resolved
PM10 from PEZA, at 16% and 15%, respectively, and both had the highest percentage of
biomass burning and vehicle emissions. Factors 3 and 4 comprise the rest of the PM10,
and are also dominated by biomass burning and vehicle emission sources. Although all
the resolved factors are mixed with road dust, RD was evident in factors 2, 3 and 5 in
PEZA station.

The highest BC fraction was resolved in Factor 5 at 60% of the resolved PM10. The
sampling date from Jan 13, 2021 marked the highest resolved BC. One can also notice
that the emission factor markers indicate that Factor 5 mainly comes from biomass
burning and vehicle emission sources. In the time series for PEZA (Figure 3), the biomass
burning and vehicle emissions are also apparent in Factor 6 during the pre-pandemic
period, and then were reduced during the pandemic period. Only the Factor 1, mostly
from coarse dust fractions from biomass burning and the amount of PM 10 increased
starting October 2020 onwards, which is the period when the work activities are starting to
slowly resume after long months of being on lock-down due to COVID-19 restrictions.

lllustration of the filter samples are presented in Table 5.
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Table 4. The USEPA PMF V.5 resolved six-factor sources for EMB-CAR PM10 sampled between
July 2019 to January 2021 in PEZA station.

Factor 1 Factor 2 | Factor 3 Factor4 | Factor5 | Factor 6
Percentage of PM10, out | 45% 16% 13% 4% 6% 15%
of all factors resolved
Percentage of BC out of 2% 5% 6% 13% 60% 25%
each of the factor PM10
Percentage of Coarse 93% 73% 43% 16% 0% 14%
dust out of each of the
factor PM10
Highest percentage of BB BB,VE |VE BB BB, VE VE
emission from
Mixed with: VE RD BB, RD VE RD BB

Modelled vs Observed, Contribution

Modelled, ug/m3

(PEZA)

to PM10

Figure 2. Correlation between modelled and observed values, forced to zero intercept for PEZA,
showing the percentage of the resolved PM10 values on each sampling date by the source
apportionment model.
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Figure 3. Time series of the contribution of resolved factor sources in the PM10 samples
from PEZA

29



Partnership for Clean Alr

Table 5: Photo of filter samples that have the highest and lowest percentages of Coarse dust and

Black carbon (BC).

Highest apportioned Coarse dust, Factor 1
from PEZA on Dec 9, 2020

e S
Lowest apportioned Coarse dust, Factor 1,
from PEZA on Nov 27, 2020

T e

220929-437
Highest apportioned BC, Factor 5, from PEZA

on January 13, 2021.

AP o
Lowest apportioned BC from Factor 5 Nov 9,
2020
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The VE, RD, and BB apportioned are plotted in a pie chart in Figure 4, in which shown side-by-side
are the apportioned fraction of the factor sources attributed to diesel-fed (9.4%) and gasoline-fed
(21.4%) vehicles plying the area of PEZA. The fraction of ammonium sulfate, ammonium nitrate
and seasalt were all less than 1%. Overall in PEZA, biomass burning and vehicle emission sources
dominate the PM10 fractions from 2019 to 2021, marking both at 31%. The component of PM10

was followed by road dust at 25% and other coarse dust at 12%.

Other
Coarse dust
, 12%
Ammonium
1 0,
R o . Biomass
Diesel sulfate, Emission
vehicle 0.50% . Source,
s,9.8% Vehicle 31%
Sea salt, Emission
0.68% Sources,
Gasolin 31% Road Dust
£ Source ,
vehicle 25%
S,
21.4%

Figure 4. Pie charts for source apportionment of PM10 in PEZA Station, 2019-2021. (left) Fraction

of apportioned PM10 attributed to diesel-fed and gasoline-fed vehicles. (Right) The apportioned
PM10 attributed to all the identified sources.
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The PM10 concentration from the Provincial Capitol Hall Ground, La Trinidad, Benguet (KM 6)
ranges from 9.9 ug/m3 to 134.3 ug/m3 out of 37 unique sampling data from April 8, 2019 to
January 21, 2021. Source apportionment modeling resolved from 5% to 91% (Average = 12%) in
moderate correlation with observed data (r2 = 0.65, Figure 5) of the observed PM 10. This fraction
of PM10 is then resolved into six (6) factors sources (Table 5). The contribution of the resolved

factors in the PM10 samples are plotted in a time series in Figure 6.

The highest PM 10 was resolved in Factor 6, which comprises 89% of coarse dust that are made
up from vehicle emission sources mixed with biomass burning and road dust sources, nine
percent (9%) of which are black carbon. The sample from September 15, 2019 gained the
highest contribution of coarse dust, while the filter sample from January 21, 2021 marked the
lowest coarse dust fraction. Factors 1 and 5 gained the second and third highest resolved PM10
from Provincial Capitol Compound, at 29% and 22%, respectively, and both had dominant
fractions of biomass burning and vehicle emissions. Factors 2, 3 and 4 comprise the rest of the

PM10, and are also dominated by biomass burning and vehicle emission sources.

The highest BC fraction was resolved in Factor 3 at 68% of the resolved PM10. The sampling
date from Feb 8, 2020 marked the highest resolved BC, and it was during the onset of the
COVID-19 pandemic. One can also notice that the emission factor markers indicate that Factors
1-6 mainly come from biomass burning and vehicle emission sources. In the time series for
Provincial Capitol Compounds (Figure 6), the biomass burning emissions sources are apparent in
Factors 1-4, and differentiated according to the occurrences of biomass burning episodes. For
example, Factor 1 are emissions from biomass burning before the pandemic, and are mixed with
sulfate. Two thirds of the black carbon from factor 1 may be attributed to biomass burning
sources, as 69% of this factor is from BB, while 23% are from Vehicle emission sources. Factor 2
biomass burning, on the other hand, are those emissions amid the pandemic, as most of its

contributions occurs from Oct 2020 to January 2021.
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Around 63% of the black carbon in Factor 2 are attributed to biomass burning, while 31% to
vehicle emission sources. Although Factor 3 marked the smallest fraction of resolved PM10, it is
in this factor when the highest fraction of black carbon from the pre-pandemic period occurred.
The resolved Factor 3 is also mixed with the largest fraction of phosphate, an indicator of smoke
from biomass burning. Factor 4 are those emissions that happened before the pandemic period
as well, and are also attributed to biomass burning, vehicle emissions with a mix of coarse dust. In
addition, a practical portion of seasalt components are apportioned in Factor 4, and is apparent by
the high level of Chlorine ion component on August 30, 2019. On the other hand, majority of
Factor 5 are attributed to vehicle emissions, then secondarily to biomass burning emissions, while
factor 6, largest resolved PM 10, is attributed almost equally to BB, VE and RD. lllustration of the

filter samples are presented in Table 5.

Table 5. The US EPA PMF V.5 resolved six-factor sources for EMB-CAR PM10 sampled between
January 2019 to January 2021 station between January 2019 to January 2021 in Capitol
Compound, LTB station.

Factor 1 Factor 2 | Factor 3 Factor4 | Factor5 | Factor 6

Percentage of PM10, out | 29% 6% 1% 2% 22% 41%
of all factors resolved

Percentage of BC out of 9% 9% 68% 31% 8% 9%
each of the factor PM10

Percentage of Coarse 84% 42% 0% 48% 86% 89%

dust out of each of the
factor PM10

Highest percentage of BB BB BB BB VE VE
emission from

Mixed with: VE VE VE VE BB BB, RD
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Modelled vs Observed, Contribution to PM10
30 (Capitol)
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Figure 5. Correlation between modelled and observed values, forced to zero intercept for Capitol
Compound LTB station, showing the percentage of the resolved PM10 values on each sampling
date by the source apportionment model.
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Figure 6. Time series of the contribution of resolved factor sources in the PM10 samples from
Capitol Compound LTB station.
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Table 6: Photo of filter samples that have the highest and lowest percentages of Coarse dust and

Black carbon (BC).

i o " | 388 SR Iy
Highest apportioned Coarse dust, Factor 1 from | | gwest apportioned Coarse dust, Factor 1, from
Capitol Compound, LTB station on Sep 25, 2019 Capitol Compound, LTB station on January 21,
2021

2 A‘:\ WOcze ), - {
Lowest apportioned BC, Factor 6 from Capitol
Compound, LTB station Dec 29, 2020

Highest apportioned BC,rlﬁzéctor 3, from Capitol
Compound, LTB station on February 8, 2020.

et
o

3 ¢ e SNpUASE G - e piradion |
Recorded high concentration of [CI-] at 2.6ug/m3 on August 30, 2019 in Capitol Compound, LTB
station.
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The VE, RD, and BB apportioned are plotted in a pie chart in Figure 7, in which shown
side-by-side are the apportioned fraction of the factor sources attributed to diesel-fed
(13%) and gasoline-fed (18%) vehicles plying the area of Capitol Compound, LTB station.
The fraction of ammonium sulfate, ammonium nitrate and seasalt were all less than 1%,
while the unresolved other coarse dust is about 9.3%. Overall in Capitol Compound, LTB
station, the biomass burning (43.2%) and vehicle emission (31.8%) sources dominate the
PM10 fractions from 2019 to 2021. The component of PM10 was followed by road dust at
15.1% and other unresolved coarse dust at 9.3%.

Other
Ammonium coarse
nitrate , 0.1% dust,
< Ammonium 9.3%
sulfate ,
0.2%
Diesel Biomass
vehicles Sea salt, emission ,
,13% 0.4% i 43.2%
Gasoline emissions
vehicles ,31.8%
, 18%
b : Road
dust,
15.1%

Figure 7 Pie charts for source apportionment of PM10 in Capitol Compound, LTB station,
2019-2021. (left) Fraction of apportioned PM10 attributed to diesel-fed and gasoline-fed vehicles.
(Right) The apportioned PM10 attributed to all the identified sources.
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The PM10 concentration from the Plaza Garden Lower Session Road Baguio City (KM 0) ranges
from 18 ug/m3 to 113.9 ug/m3 out of 39 unique sampling data from April 2, 2019 to January 19,
2021. Source apportionment modeling resolved from 5% to 40% (Average = 13%) in good
correlation with observed data (r2 = 0.73, Figure 8) of the observed PM 10. This fraction of PM10
is then resolved into six (6) factors sources (Table 7). The contribution of the resolved factors in

the PM10 samples are plotted in a time series in Figure 9.

The highest PM 10 was resolved in Factor 2, which comprises 77% of coarse dust that are made
up from vehicle emission sources mixed with biomass burning and vehicle emission sources,
thirteen percent (13%) of which are black carbon. The sample from February 19, 2020 gained the
highest contribution of coarse dust, while the filter sample from Oct 16, 2022 marked the lowest
coarse dust fraction. Factors 3 and 1 gained the second and third highest resolved PM10 from
Plaza Garden Lower Session Road Baguio City , at 24% and 21%, respectively, and both had
dominant fractions of biomass burning and vehicle emissions. Factors 4 and 5 have PM10
resolved at the following percentages, 6% (BC: 14%) and 10% (BC: 15%), respectively, and are
also dominated by biomass burning and vehicle emission sources. Lastly, Factor 6 resolved 7%

of the PM10, in which 11% is BC, 1% seasalt component and 1% ammonium sulfate component.

The highest BC fraction was resolved in Factor 3 at 16% of the resolved PM10. The sampling
date from December 24, 2020 marked the highest resolved BC in Factor 3 which was a
high-tourism event during the 2020. But the highest resolved contribution of PM10 was recorded
on Nov 4, 2019 in Factor 4 (at 23.9 ug/m3), during a cold season and a few months before the
onset of the COVID-19 pandemic. Notice the intense blackness of the filter sample on Nov 4,
2019. On the other hand, the source apportionment model was also able to point at the sampling

date with the highest fraction contributed by black carbon (from Factor 3), which happened on

30



Partnership for Clean Air

Dec 24, 2020; also the sampling date with the lowest apportioned BC that happened on Oct 22,
2020 (pandemic period). Factor 3 are the PM10 attributed to biomass burning and vehicle
emissions amid the pandemic period (shown in Figure 9, contribution plot Factor 3), while Factor
2 is the PM10 attributed to biomass burning and vehicle emissions before the onset of the
COVID-19 pandemic (shown in Figure 9, contribution plot Factor 2). The resolved Factors 1, 4, 5,
6 are influenced by coarse dust episodes of various occasions, but majorly a mixture of biomass

burning and vehicle emissions. lllustration of the filter samples are presented in Table 8.

Table 7. The US EPA PMF V.5 resolved six-factor sources for EMB-CAR PM10 sampled between
April 2019 to January 2021 in Plaza Garden Lower Session Road Baguio City

Factor 1 Factor 2 | Factor 3 Factor4 | Factor 5 | Factor 6

Percentage of PM10, out 21% 33% 24% 6% 10% 7%
of all factors resolved

Percentage of BC out of 8% 13% 16% 14% 15% 11%
each of the factor PM10

Percentage of Coarse 85% 77% 68% 63% 61% 58%
dust out of each of the

factor PM10

Highest percentage of BB BB BB BB BB VE

emission from

Mixed with: VE VE VE VE VE BB
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Modelled vs Observed, Contribution to PM10

(Plaza Garden)
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Figure 8. Correlation between modelled and observed values, forced to zero intercept for Plaza

Garden (KMO), showing the percentage of the resolved PM10 values on each sampling date by the
source apportionment model.
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Table 8: Photo of ﬁlter samples that have the hlghest and Iowest percentages of Coarse dust and
Black carbon (BC).

F/

¢ M £ %
! 2307_:3_5-443 Jut
' Lowest apportloned Coarse dust, Factor 1, from
Highest apportioned Coarse dust, Factor 3 from | plaza Garden Lower Session Road Baguio City
Plaza Garden Lower Session Road Baguio City station on Oct 16, 2022
station on February 19, 2020

Highest apporttoned BC, Factor 3, from Plaza Lowest appomoned BC, Factor 1 from Plaza
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Recorded high percentage of resolved BC (14%) and seasalt (W6A°/o) on Nov 4, 2019 in Plaza Garden Lower
Session Road Baguio City station for Factor 4 that comprises mainly of BB and VE sources.
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Figure 10 Pie charts for source apportionment of PM10 in Plaza Garden Lower Session Road
Baguio City station, 2019-2021. (left) Fraction of apportioned PM10 attributed to diesel-fed and
gasoline-fed vehicles. (Right) The apportioned PM10 attributed to all the identified sources.

The BB and VE apportioned are plotted in a pie chart in Figure 10, in which shown side-by-side are
the apportioned fraction of the factor sources attributed to diesel-fed (12.3%) and gasoline-fed
(18.3%) vehicles plying the area of Plaza Garden Lower Session Road Baguio City station from
2019-2021. The fraction of ammonium sulfate, ammonium nitrate and seasalt were all less than
1%, while the unresolved other coarse dust is about 12.33%. Overall in Plaza Garden Lower
Session Road Baguio City station, the biomass burning (49.5%) and vehicle emission (30.6%)
sources dominate the PM10 fractions from 2019 to 2021. The component of PM10 was followed

by road dust at 6.9% and other unresolved coarse dust at 12.33%.
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Summary and Recommendations

4.1 Summary

In summary, this study provides Source apportionment study results for PM1w sampled from
the Cordillera Administrative Region (CAR) in 2019-2021. Overall, from the 126 valid air
particulate matter filters sampled for 24 hours, the main factor source is from biomass
burning that ranges from 31% to 49.5% of the PM10. Roadside stations of Plaza Garden
and Capitol/LTB exhibit almost the same percentages of resolved PM10 due to vehicle
emissions, at 30.6% and 31.8% respectively, while the percentage of road dust is highest in
PEZA (Loakan) station, at 25%.

4.2 Recommendations

Since the highest source of PM10 has been attributed to biomass burning, it is suggested to

strictly implement the ‘no open burning’ policy in open spaces of Cordillera Administrative
Region.

Cooking using inefficient solid fuels such as firewood and charcoal is also suggested to be
regulated.

Awareness campaigns to mainstream the prohibition of open burning may also be
conducted at all levels of education. Moreover, public information campaigns on the harmful
effects of biomass burning in the environment and the health are also highly encouraged to
be conducted.

Implementation of a traffic scheme that will avoid further emissions from vehicle sources are
highly recommended. Regulating the traffic and managing when the vehicles begin to
congest in one place is also one suggested solution.

Environmental users fee for all vehicles entering the CAR is recommended as well. The fund
that will be generated may be used in managing the mobile sources.

Studies relating the health and economical benefits when the air pollution is managed are
also recommended.
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