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PREFACE 

 

The DENR-EMB-Region 3, through its air quality monitoring network, has collected the TSP samples 

from February 2018 to December 2019 for source apportionment analysis. The TSP 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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EXECUTIVE SUMMARY 

 

Air particulate matter filters collected between February 2018 to December 2019 collected from the 

Intercity Station, Wakas, Bocaue, Bulacan was submitted by the EMB-Region 3 to the Environmental 

Pollution Studies Laboratory of the Institute of Environmental Science and Meteorology, University of 

the Philippines- Diliman (EPSL-IESM-UPD) . The 51 air particulate matter filter samples (TSP) were 

digested for 11 heavy metals (Ca, Na, K, Mg, Al, Cr, Cu, Mn, Ni, Pb, Zn), and the results subjected to 

positive matrix factorization (PMF) modeling. Six factor sources were resolved using the in-house 

emission factors from the EPSL-IESM-UP Diliman, as follows: Factor 1 (Biomass burning, BB mixed with 

Road Dust, RD), Factor 2 (Vehicle emissions mixed with RD), Factor 3 (Vehicle emissions mixed with 

BB, RD), Factor 4 (Vehicle emissions (mixed with RD), Factor 5 (Biomass burning mixed with RD), and 

Factor 6 (Vehicle emissions (mixed with RD). These factor sources are applicable to the TSP sampled 

between February 2018 to December 2019 in Intercity Station, Wakas, Bocaue, Bulacan. 

The six factor sources was further resolved into three sources, with the vehicle sources resolved into 

gasoline-fed and diesel fed vehicle sources. For the site (Intercity Station, Wakas, Bocaue, Bulacan) 

and duration (February 2018 to December 2019) of the submitted TSP samples, biomass burning 

sources comprises 33% of the emission source, while road dust contributes 26%. Vehicle sources, the 

largest at 46%, is made-up of 28% emissions from diesel-fed engines, while 13% are emissions from 

gasoline-fed engines. When classified according to DENR emission classification where the biomass 

burning and road dust comprises the ‘area sources’, while vehicle emissions ‘mobile sources, the 

resolved factor sources has generated 41% from mobile sources (Diesel and gasoline-fed vehicles) and  

59% from area sources (Biomass burning and Road dust).  

These apportioned sources and their contributions are site specific and period specific. Hence, the 

results from this study is applicable to TSP sampled between 2018-2019 in Intercity Station, Wakas, 

Bocaue, Bulacan. Source apportionment studies are needed to determine the sources and 

contributions in other sites and period of interest. 

 

Figure 1. Sources and contribution of TSP from Intercity station between 2018 and 2019 of air quality 

monitoring 
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INTRODUCTION 

SOURCE APPORTIONMENT 

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. 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 modelling is 

conservation of mass, as in Equation 1, i.e., measured concentrations, x are the results of a summation 

of the mass contributions, g contributions and f sources,  

 x!" =#g!#f#"

$

#%&

 Equation 1 

which would account for j = 1...m chemical species in the i = 1...n samples as contributions from k = 

1...p independent sources. There are several receptor models to solve Equation 1 that depends on 

the variety of information available.  

Factor analysis, FA, is a way of solving Equation 1, when source profiles and contributions are 

both unknown. Based on suggested global definition by Malinowski (Malinowski 1991), FA is a 

“multivariate technique for reducing matrices to their lowest dimensionality by the use of orthogonal 

factor space and transformations that yield predictions and/or recognizable factors”. FA follows the 

gist of this definition except that orthogonal vectors are not necessarily obeyed (since orthogonality is 

not meaningful when the error estimates, i.e., standard deviations are greater than unity).  

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). 

It utilizes the residual matrix term eij, which is a portion of the measurement that cannot be fit by the 

model. To illustrate PMF, it was previously defined that the left-hand term in Equation 1 is the 

measured concentrations and the right-hand side as the modelled variables. By defining the residual 

matrix, eij as the difference between measurement (xij) and model (as a function of g and f),  

 e!" = x!" −#g!#f#"

$

#%&

 Equation 2. 

Now, introducing a weighting term (uncertainty, sij) to Equation 2 and minimizing it, an object function 

(Q) can be defined: 

 Q(e!") =#
'

!%&

#(
e!"
s!"
)(

)

"%&

 Equation 3. 
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The approach is now to minimize Q(eij) with respect to gik and fkj with the constraint that all of 

the elements of gik and fkj is non-negative. The explicit minimization function with the inclusion of error 

estimates to allow down weighting of uncertain data makes physical sense in receptor modelling of 

environmental data (Ramadan et al. 2003).   

METHOD 

DIGESTION OF FILTER SAMPLES 

 

Filters were received, labelled and preserved until analysis on November 26, 2020 (Appendix 1). A 2 

cm x 10cm portion of the filter was cut and placed in digestion tubes, preserved, until ready for analysis. 

The 51 air particulate matter filter samples (TSP) were digested in order to extract metals that are within 

the TSP samples. The ETHOS UP microwave digester of the EPSL-IESM-UPD was used. This process 

lowers the risk of contamination and speed of digestion. 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, 2020), 

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 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 considered were Ca, Na, 

K, Mg, Al, Cr, Cu, Mn, Ni, Pb, Zn. The results of the analysis are presented Appendix 2. 

 

PMF ANALYSIS 

The PMF modelling was conducted using US EPA PMF v5.0 GUI, utilising the TSP data set generated 

from the results of the elemental analysis. In 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 TSP on all 

factors. A run is disqualified when it resulted to at least one factor having PM2.5 equals zero. Results of 

PMF analysis is presented in Appendix 3. 

SUMMARY OF RESULTS 

PHASE 1: PMF ANNALYSIS RESULTS 

The PMF input data comprised of 12 species (including TSP mass), with species input set to a modeling 

uncertainty of 10-20%, and resulting to a signal to noise ratio of 4-9. The PMF run output passed the 

diagnostic statistics, at six factor profiles, which resolved the average TSP in the filter portion from 0.53 

ug/m3 to 6.49 ug/m3. The residuals did not exceed +/- 5, except for a few, but are still within 

acceptable results. Scaled residuals plots are presented in Appendix 3. 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 Appendix 4 (Results of Analysis, EPSL). 
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PHASE 2: PROFILES AND CONTRIBUTIONS 

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 of the EPSL-IESM-UPD, with 

indications of 25%, 50% and 100% chances that the ratio of the TSP samples matches that of the EF. 

The resolved TSP factors were then assigned and presented in Table 1: 

Table 1. USEPA PMF Version 5 resolved six-factor sources for EMB-Region 3 TSP sampled between 

February 2018 to December 2019 in Intercity Station, Wakas, Bocaue, Bulacan 

Description Highest percentage Mixed with Strong indicator for 
Factor 1 Biomass Burning RD   
Factor 2 Vehicle  Emissions RD Gasoline (4W) vehicles 
Factor 3 Vehicle Emissions BB, RD Diesel Vehicles 
Factor 4 Vehicle Emissions RD Gasoline & Diesel vehicles 
Factor 5 Biomass Burning RD   
Factor 6 Vehicle Emissions RD Gasoline & Diesel vehicles 

It is apparent that the road dust are mixed across all resolved factors. This is expected for TSP because 

these samples carry all the particle sizes that are available in the ambient air, including coarse mode 

(PM2.5-10), and most of the large-sized particles.  

If classified according to DENR emission classification, Biomass burning and Road dust comprises the 

‘area sources’, while vehicle emissions belong to ‘mobile sources. Hence, this resolved factor has 

generated 41% from mobile sources (Diesel and gasoline-fed vehicles) and  59% from Area Sources 

(Biomass burning and Road dust) (Figure 1). 

 

Figure 1. Sources and contribution of TSP from Intercity station between 2018 and 2019 of air quality 

monitoring 
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Phase 2 analysis also employs grouping the resolved factors into common factors, and were further 

resolved to a total of three (3) major source factors for TSP, In Table 2: Percentages are also provided, 

with Vehicle emission sources (at 41%) comprising the largest among all resolved factors.  

Table 2. Grouped Factor sources for EMB-Region 3 TSP sampled between February 2018 to December 

2019 in Intercity Station, Wakas, Bocaue, Bulacan 

  Percentage in TSP 
 Biomass burning  33% 
 Road dust  26% 
 Vehicle emissions  41% 

 

 

 

Figure 2. Grouped factor sources for EMB-Region 3 
TSP sampled between February 2018 to December 
2019 in Intercity Station, Wakas, Bocaue, Bulacan 

Figure 3. Grouped factor sources for EMB-Region 3 
TSP sampled between February 2018 to December 
2019 in Intercity Station, Wakas, Bocaue, Bulacan 

 

The vehicle emissions, which comprises 41% of the TSP contributions, are further resolved into 28% 

diesel-fed vehicles and 13% Gasoline-fed vehicles. It is important to note that these apportioned 

sources and their contributions are site specific and period specific. The results of this source 

apportionment study is applicable only for TSP sampled between 2018-2019 in Intercity Station, 

Wakas, Bocaue, Bulacan.  

If sources and contribution for the rest of the air quality monitoring stations are needed, source 

apportionment studies need to be conducted separately. This is because sources may vary with sites 

and period of interest. Nevertheless, these results may provide guidance on further control measures 

that may be implemented in order to better manage the air quality of Region 3. 

  

Biomass 
burning , 

33%

Road 
dust , 
26%

Vehicle 
emission
s , 41% Diesel 

vehicles , 
28%

Gasoline 
vehicles , 

13%
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APPENDICES 

APPENDIX 1: TSP SAMPLING DATA 

Start Date 
(Month-
Day-Year) 

Start Time 
(hh:mm 
AM/PM) 

Tem
perat
ure 

End Date 
(Month-
Day-Year) 

EndTime 
(hh:mm 
AM/PM) 

Tem
perat
ure 

PM 
Mas
s (g) 

elapsed 
time, 
minutes 

Volume 
of air 
sampled 

PM 
concentrat
ion 
(ug/m3) 

Initial 
Weight
(mg) 

Final 
Weigh
t(mg) 

DEN
R 
Cod
e 

EP
SL 
ID 

      

0.00
05    4.5245 4.525 

9534
389 1 

1-21-19 9:55 AM 30.1 1-22-19 9:55 AM 30.1 
0.76

25 1440 
1712.60

291 445.22872 4.7377 5.5002 
9534

359 42 

01/07/2019 10:45 AM 32.3 
01/08/201

9 10:45 AM 32.3 
0.49

02 1440 
1712.60

291 
286.23097

5 4.7212 5.2114 
9534

347 43 

03/11/2019 10:40 AM 33.1 
03/12/201

9 10:40 AM 33.1 
0.53

88 1440 
1712.60

291 
314.60883

2 4.4226 4.9614 
9267

371 44 

3-18-19 10:56 AM 33.2 3-19-19 10:56 AM 33.2 
0.69

44 1440 
1712.60

291 
405.46468

6 4.3817 5.0761 
9267

361 45 

8-27-19 1:30 PM 28.2 8-28-19 1:30 PM 28.2 
0.32

7 1440 
1712.60

291 
190.93743

1 4.4744 4.8014 
9267

326 46 

2-18-19 11:15 AM 34.1 2-19-19 11:15 AM 34.1 
0.79

63 1440 
1712.60

291 464.96476 4.6542 5.4505 
9490

810 47 

3-25-19 10:45 AM 31 3-26-19 10:45 AM 31 
0.97

63 1440 
1712.60

291 
570.06793

4 4.4442 5.4205 
9267

370 48 

08/05/2019 10:55 AM 31.4 
08/06/201

9 10:55 AM 31.4 
0.57

28 1440 
1712.60

291 
334.46165

4 4.6426 5.2154 
9534

302 49 

7-22-19 11:45 AM 32.4 7-23-19 11:45 AM 32.4 
0.22

49 1440 
1712.60

291 
131.32057

6 4.6804 4.9053 
9534

304 50 

1-28-19 10:30 AM 24.5 1-29-19 10:30 AM 24.5 
0.12

47 1440 
1712.60

291 
72.813142

8 4.7233 4.848 
9534

325 51 

1-14-19 11:16 AM 31.4 1-15-19 11:16 AM 31.4 
0.76

04 1440 
1712.60

291 
444.00251

6 4.7062 5.4666 
9534

346 32 

02/11/2019 10:47 AM 31.4 
02/12/201

9 10:47 AM 31.4 
0.76

17 1440 
1712.60

291 
444.76159

5 4.7449 5.5066 
9534

348 33 

7-29-19 11:00 AM 27.4 7-30-19 11:00 AM 27.4 
0.26

42 1440 
1712.60

291 
154.26810

2 4.7115 4.9757 
9534

310 34 

07/08/2019 12:05 PM 31.3 
07/09/201

9 12:05 PM 31.3 
0.31

85 1440 
1712.60

291 
185.97422

6 4.6228 4.9413 
8995

524 35 

08/12/2019 11:45 AM 29.7 8-13-19 11:45 AM 29.7 
0.03

3 1440 
1712.60

291 
19.268915

1 4.4462 4.4792 
9267

344 36 

9-16-19 11:00 AM 30.1 9-17-19 11:00 AM 30.1 
0.29

22 1440 
1712.60

291 
170.61748

5 4.3297 4.6219 
9715

876 37 

5-14-19 10:38 AM 33.4 5-15-19 10:38 AM 33.4 
0.70

95 1440 
1712.60

291 
414.28167

5 4.433 5.1425 
9267

369 38 

5-20-19 11:35 AM 32.7 5-21-19 11:35 AM 32.7 
0.78

73 1440 
1712.60

291 
459.70960

2 4.4062 5.1935 
9267

321 39 

5-27-19 10:50 AM 33.3 5-28-19 10:50 AM 33.3 
0.28

71 1440 
1712.60

291 
167.63956

1 4.4296 4.7167 
9267

322 40 

6-24-19 10:55 AM 32.3 6-25-19 10:55 AM 32.3 
0.21

32 1440 
1712.60

291 124.48887 4.3657 4.5789 
9267

309 41 

6-17-19 11:20 AM 33.2 6-18-19 11:20 AM 33.2 
0.58

11 1440 
1712.60

291 
339.30807

8 4.3758 4.9569 
9267

308 22 

04/08/2019 11:20 AM 34 
04/09/201

9 11:20 AM 34 
0.66

41 1440 
1712.60

291 
387.77231

9 4.3895 5.0536 
9267

360 23 

4-15-19 11:05 AM 27.5 4-16-19 11:05 AM 27.5 
0.76

44 1440 
1712.60

291 
446.33814

2 4.4421 5.2065 
9267

368 24 

09/02/2019 11:25 AM 30.2 
09/03/201

9 11:25 AM 30.2 
0.53

93 1440 
1712.60

291 
314.90078

5 4.5405 5.0798 
9534

390 25 

4-22-19 3:25 PM 38.1 4-23-18 3:25 PM 38.1 
1.00

57 1440 
1712.60

291 
587.23478

5 4.4392 5.4449 
9267

350 26 

4-29-19 11:50 AM 37.4 4-30-19 11:50 AM 37.4 
0.88

24 1440 
1712.60

291 
515.23911

2 4.4234 5.3058 
9267

352 27 

05/06/2019 11:03 AM 31 
05/07/201

9 11:03 AM 31 
0.35

33 1440 
1712.60

291 
206.29417

3 4.6696 5.0229 
9490

805 28 

01/07/2019 10:00 AM 32.5 
01/08/201

9 10:00 AM 32.5 
0.97

19 1440 
1712.60

291 
567.49874

5 4.5967 5.5686 
9534

360 29 

11/05/2019 10:48 AM 32.5 
11/06/201

9 10:48 AM 32.5 
0.69

8 1440 
1712.60

291 407.56675 4.7312 5.4292 
9490

842 30 

11/12/2019 11:32 AM 31.4 11-13-19 11:32 AM 31.4 
0.92

25 1440 
1712.60

291 
538.65376

3 4.7276 5.6501 
9534

340 31 

06/03/2019 10:35 AM 33.4 
06/04/201

9 10:35 AM 33.4 
1.34

2 1440 
1712.60

291 
783.60254

7 4.4383 5.7803 
9267

323 2 

07/10/2018 11:30 AM 28.2 
07/11/201

8 11:30 AM 28.2 
0.03

04 1440 
1712.60

291 
17.750758

2 4.6822 4.7126 
9379

221 3 

07/02/2018 11:13 AM 32.4 
07/03/201

8 11:13 AM 32.4 
0.39

55 1440 
1712.60

291 
230.93502

8 4.6824 5.0779 
9379

220 4 

7-30-18 11:40 AM 31.2 7-31-18 11:40 AM 31.2 
0.15

61 1440 
1712.60

291 
91.147807

5 4.6671 4.8232 
9379

206 5 

7-16-18 10:46 AM 31.4 7-17-18 10:46 AM 31.4 
0.19

83 1440 
1712.60

291 
115.78866

3 4.6799 4.8782 
9379

207 6 
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Start Date 
(Month-
Day-Year) 

Start Time 
(hh:mm 
AM/PM) 

Tem
perat
ure 

End Date 
(Month-
Day-Year) 

EndTime 
(hh:mm 
AM/PM) 

Tem
perat
ure 

PM 
Mas
s (g) 

elapsed 
time, 
minutes 

Volume 
of air 
sampled 

PM 
concentrat
ion 
(ug/m3) 

Initial 
Weight
(mg) 

Final 
Weigh
t(mg) 

DEN
R 
Cod
e 

EP
SL 
ID 

6-18-18 10:20 AM 32.1 6-19-18 10:20 AM 32.1 
0.93

42 1440 
1712.60

291 
545.48546

9 4.3765 5.3107 
9379

226 7 

8-13-18 10:45 AM 31.4 8-14-18 10:45 M 31.4 
0.62

71 1440 
1712.60

291 
366.16777

8 4.6671 5.2942 
9496

900 8 

8-28-18 10:50 AM 26.2 8-29-18 10:50 AM 26.2 
0.02

51 1440 
1712.60

291 
14.656053

6 4.6583 4.6834 
9490

891 9 

09/10/2018 8:25 AM 31.3 
09/11/201

8 8:25 AM 31.3 
0.32

17 1440 
1712.60

291 
187.84272

7 4.6465 4.9682 
9490

882 10 

6-28-18 10:48 AM 31.2 6-29-18 10:48 AM 31.2 
0.05

32 1440 
1712.60

291 
31.063826

8 4.6976 4.7508 
9379

225 11 

8-22-18 11:20 AM 32.1 8-23-18 11:20 AM 32.1 
0.47

54 1440 
1712.60

291 
277.58915

9 4.661 5.1364 
9490

892 12 

10/11/2018 9:50 AM 32 
10/12/201

8 9:50 AM 32 
0.83

7 1440 
1712.60

291 
488.72975

6 4.7353 5.5723 
9490

858 13 

10/01/2018 11:20 AM 32.1 
10/02/201

8 11:20 AM 32.1 
0.42

32 1440 
1712.60

291 
247.10923

9 4.7531 5.1763 
9490

857 14 

10-15-18 10:45 AM 31.4 10-16-18 10:45 AM 31.4 
0.82

92 1440 
1712.60

291 
484.17528

5 4.7378 5.567 
9490

866 15 

09/05/2018 11:20 AM 32.4 
09/06/201

8 11:20 AM 32.4 
0.18

24 1440 
1712.60

291 
106.50454

9 4.6663 4.8487 
9490

881 16 

9-24-18 10:40 AM 31.4 9-25-18 10:40 AM 31.4 
0.92

25 1440 
1712.60

291 
538.65376

3 4.6969 5.6194 
9490

878 17 

10-22-18 10:15 AM 32.3 10-23-18 10:15 AM 32.3 
0.56

71 1440 
1712.60

291 
331.13338

6 4.6687 5.2358 
9490

867 18 

11-26-18 11:20 AM 32.3 11-27-18 11:20 AM 32.3 
0.68

25 1440 
1712.60

291 
398.51619

9 4.7176 5.4001 
9534

342 19 

12/03/2018 10:40 AM 31.4 
12/04/201

8 10:40 AM 31.4 
0.87

28 1440 
1712.60

291 
509.63360

9 4.7138 5.5866 
9534

324 20 

11-19-18 10:50 AM 32.3 11-20-18 10:50 AM 32.3 
0.75

96 1440 
1712.60

291 
443.53539

1 4.7405 5.5001 
9534

341 21 
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APPENDIX 2: RESULTS OF ANALYSIS – ELEMENTAL COMPOSITION OF TSP 
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APPENDIX 3: RESIDUAL HISTOGRAM AND OBSERVED/PREDICTED SCATTER PLOT OF PMF 
FACTOR SPECIES 
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APPENDIX 4: SOURCE APPORTIONMENT OF AIR PARTICULATE MATTER (EPSL-SAAPM) 

 

 

 

 

 

  

US EPA PMF v5 TEST #:EPSL-SAAPM-2020-001 Date of Model Run December 19, 2020

NAME
Location
Period Covered Feb 7, 2018 to December 11, 2019
Sample type
Number of Filters submitted

Phase 1: PMF Model Run results
**** Input Data Statistics **** ug/m3 ug/m3 ug/m3 ug/m3 ug/m3
Species Category S/N Min 25th Median 75th Max
TSP Strong 4 7.9432 19.2945 31.1202 39.8179 366.1678
Cu Strong 9 0.0009 0.0146 0.0204 0.0292 0.0788
Ca Strong 9 0.1752 0.4963 0.7591 0.9926 1.4598
Pb Strong 9 0.0003 0.0012 0.0029 0.0058 0.0175
Mn Strong 9 0.0026 0.0058 0.0131 0.0175 0.0292
Ni Strong 9 0.0001 0.0003 0.0004 0.0006 0.0088
Zn Strong 9 0.0020 0.0197 0.0263 0.0328 0.1839
Mg Strong 4 0.7591 1.7517 1.9269 2.1094 2.4232
K Strong 9 0.3795 0.7007 0.7883 0.8759 1.0218
Na Strong 4 3.6494 5.9850 7.2696 8.3864 11.1818
Al Strong 4 0.0292 0.1387 0.1752 0.2920 4.0873
Cr Strong 9 0.0003 0.0006 0.0006 0.0009 0.0020

**** Base Run Summary ****
Species Intercept Slope SE r^2 Stat P Value Remarks
TSP 22.3232 -0.0034 8.1283 0.0007 0.1254 0.4115 PASSED
Cu 0.0014 0.9272 0.0014 0.9862 0.0952 0.7551 PASSED
Ca 0.1303 0.7809 0.1463 0.7508 0.1735 0.0986 PASSED
Pb 0.0001 0.9713 0.0004 0.9909 0.1928 0.0485 PASSED
Mn 0.0005 0.9236 0.0024 0.8892 0.1068 0.6189 PASSED
Ni 0.0001 0.9073 0.0001 0.9942 0.3071 0.0002 PASSED
Zn 0.0178 0.3173 0.0095 0.4229 0.2191 0.0164 PASSED
Mg 0.5584 0.6528 0.2933 0.3327 0.1009 0.6888 PASSED
K -0.0819 1.0889 0.1052 0.6502 0.1711 0.1071 PASSED
Na 1.8254 0.6966 1.2681 0.5159 0.0488 0.9998 PASSED
Al 0.1868 0.0137 0.1142 0.0046 0.1243 0.4228 PASSED
Cr 0.0003 0.5058 0.0002 0.5953 0.1212 0.4545 PASSED

Base model run number: 1 Factor 1 0.53
Number of Fpeak runs: 5 Factor 2 2.86
Number of factors: 6 Factor 3 4.33
Extra modeling uncertainty (%):0 Factor 4 6.49
Fpeak # -1 Factor 5 1.76
Converged Yes Factor 6 6.28

Phase 2: Profiles and Contributions Test 1 Test 2 Test 3 Test 4 Test 5 Test 6
Indicator for Ratio Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
vehicles only Cu/Cr Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
vehicles only Cu/Mg 25% chance vehicle 25% chance vehicle 25% chance vehicle 25% chance vehicle 25% chance vehicle 25% chance vehicle
vehicles only Cu/Ni 50% chance Gasoline vehicle (MC) Not applicable 100% chance Diesel vehicles 25% chance Diesel vehicles Not applicable 100% chance Diesel vehicles
BB, RD only Mg/Al Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
ALL Mg/Cr Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
Gas(4W), BB, RD only Mn/Cr 100% chance Road dust 100% chance Road dust 100% chance Road dust 100% chance Road dust 100% chance Road dust 100% chance Road dust
Gas(4W), BB, RD only Mn/Mg 25% chance Biomass 25% chance Biomass 25% chance Biomass 25% chance Biomass 25% chance Biomass 25% chance Biomass
BB, RD only Mn/Na 25% chance Biomass burning 25% chance Biomass burning 50% chance biomass burning 25% chance Biomass burning 25% chance Biomass burning 25% chance Biomass burning
BB, RD only Na/Al Not applicable Not applicable 50% chance Biomass Burning Not applicable Not applicable Not applicable
ALL except Gas (4W) Na/Cr Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
vehicles only Ni/Cr Not applicable 25% chance vehicle 50% chance vehicle 25% chance vehicle 25% chance vehicle 25% chance vehicle
Diesel, Gasoline (4W) only Pb/Mg 25% chance Gasoline vehicles (4W) 25% chance Gasoline vehicles (4W) Not applicable 25% chance Gasoline vehicles (4W) 25% chance Gasoline vehicles (4W) 25% chance Gasoline vehicles (4W)
BB only Pb/Zn 25% chance Biomass 25% chance Biomass 100% chance Biomass Burning 50% chance Biomass Burning 25% chance Biomass 50% chance Biomass Burning

Analysed by: Mylene G. Cayetano RCh, PhD Date: December 28, 2020
Head, Environmental Pollution Studies Laboratory Page 1 of 2

SOURCE APPORTIONMENT OF AIR PARTICULATE MATTER
(EPSL-SAAPM)

EMB-Region 3 
Intercity Station, Wakas, Bocaue, Bulacan 

Air Particulate Matter as Total Suspended Particulates (TSP), sampled in Glass fiber filter
51

Descriptive statistics

Resolved TSP factor sources

12/28/2020-197

page 2 of 2
DIAGNOSTICS
Percentage TSP Biomass Burning Source Road Dust Source Vehicle Emission Sources Biomass Burning Source Road Dust Source Vehicle Emission Sources
Factor 1 0.53 0.2                                                  0.1                                                     0.2                                                33% 28% 39%
Factor 2 2.86 1.0                                                  0.8                                                     1.1                                                33% 28% 39%
Factor 3 4.33 1.6                                                  1.0                                                     1.8                                                36% 23% 41%
Factor 4 6.49 1.7                                                  2.0                                                     2.8                                                26% 30% 43%
Factor 5 1.76 0.7                                                  0.4                                                     0.6                                                42% 21% 37%
Factor 6 6.28 1.8                                                  1.5                                                     3.0                                                29% 24% 48%

Description Highest percentage Mixed with Strong indicator for Diesel vehicles Gasoline vehicles
Factor 1 Biomass Burning RD
Factor 2 Vehicle  Emissions RD Gasoline (4W) vehicles 26%
Factor 3 Vehicle Emissions BB, RD Diesel Vehicles 41% 0
Factor 4 Vehicle Emissions RD Gasoline & Diesel vehicles 14% 10%
Factor 5 Biomass Burning RD
Factor 6 Vehicle Emissions RD Gasoline & Diesel vehicles 38% 10%

Percentage in TSP Sub-percentage
Biomass burning 33%
Road dust 26%
Vehicle emissions 41%

Diesel vehicles 28%
Gasoline vehicles 13%

TSP: Total Suspended Particulates; S/N: Signal to Noise Ratio; SE: Sta dard Error; BB: Biomass Burning; 
RD: Road Dust; 4W: Four-Wheeler vehicles; VES: Vehicle Emission Source

Analysed by: Mylene G. Cayetano RCh, PhD Date: December 28, 2020
Head, Environmental Pollution Studies Laboratory Page 2 of 2

Percentage of TSPContribution to TSP

Fraction of Vehicles Resolved

OVERALL

Biomass 
burning , 

33%

Road dust , 
26%

Vehicle 
emissions , 

41%

Diesel 
vehicles , 

28%

Gasoline 
vehicles , 

13%

12/28/2020-197
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APPENDIX 5: TIME SERIES OF SOURCE CONTRIBUTION 

 
Factor 1: Biomass Burning emissions mixed with Road dust 

 
 
Factor 2:Vehicle Emissions mixed with Road dust 

 
 
Factor 3:Vehicle Emissions (Diesel) mixed with Biomass Burning emissions and Road dust 

 
 
Factor 4:Vehicle Emissions (Diesel and Gasoline) mixed with Road dust 
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Factor 5: Biomass Burning emissions mixed with Road dust 

 
 
Factor 6:Vehicle Emissions (Gasoline and Diesel) mixed with Road dust 
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