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Dispersion Models

Predictions of

Meteorology concentrations

and source

Emissions | —— | Model(s) " | attributions at a

receptor of
Interest

Chemistry

Examples
-SMOKE (Emissions Model)

-CMAQ (Air Quality Models)
-WRF — Chem , Chemical Transport Models




Receptor Models

Measured Data at
and/or near a
receptor

Multivariate
methods

Models:

CMB, Chemical Mass Balance

PCA, Principal Component Analysis

PMF, Positive Matrix Factorization

EPRI

Qualitative
and/or
Quantitative
Source
Attribution




Chemical Mass Balance Model (CMBS8.2)

* A receptor model source apportionment using
ambient data and source profile data with
appropriate uncertainty estimates.

* Version 8.2 available at EPA Support Center for
Regulatory Air Models -
http://www.epa.gov/tth/scram/receptor cmb.htm



http://www.epa.gov/ttn/scram/receptor_cmb.htm

Principles

* A solution to linear equations that express each receptor
chemical concentration as a linear sum of products of source

profile abundances and source contributions.

* Mass and chemical compositions of source emissions are
conserved from the time of emission to the time the sample is

taken.
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Modeling Procedures

* |dentify the types of contributing sources

* Select chemical species or other properties to be
included in the calculation

* Determine the fraction of each of the chemical species
which is contained in each source type (source profiles)

e Estimate the uncertainty in both ambient
concentrations and source profiles

* Solve the chemical mass balance equations



Chemical Mass Balance

. J
Equation: C. = Z Fij Sj fori=1to N
Input: j=1
« Ambient Concentrations (C,)

uncertainties in ambient concentrations (GCJ-),

Source Profiles(F),
uncertainties in source profiles (o).

Output:

* Source contributions (S;)
and uncertainties (og)).

Measurements:

« Size-classified mass, elements, ions, and carbon
concentrations at ambient and source samples.
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Mininum Square Solution

* The general equation has the objective of minimize
the sum of quadratic deviation:
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* Minimize y* is to determiene Sk that
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In Matricial form the equation is .

FIC=F'FS
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Effective Variance Weighted Linear Least Square
Method

* minimizing y? (difference between measured value, c,
and calculated value, F;S;, weighed by analytical
uncertainty)

2
12:%2 [Ci_iFiij] /Veij
_ =

where the denominator is called effective variance

Ve-- — 0(2; + 82 . Gé Oc. Standard deviation uncertainty of
' ! J J the C; measurement

Standard deviation uncertainty of
Fi the F; measurement



 The solution in matrix form is
1
s=(F"V,'F)'FV,'C

* S;is initially set to 0. An iterative procedure is applied

until S; does not change more than 1% from step to
step (k =2 k+1)

(st —s¥)rsti<0.01
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For the organic carbon (OC) fraction three main source categories were identified

Belis et al., 2016
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Sources Profiles

1.Vehicular Emissions
2.S0il resuspension
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Traffic volume, proportion heavy-duty vehicles (p HDVs) & pollutant concentrations
as function time day (TRA). Emission factors (EFs) NO, vs. p HDVs
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Emission factors (g km1, g/kg of fuel burned) from 2011 in comparison
with values calculated in 2004 study
(mean * standard deviation).

Veh. Local Fuel CO NO, PMi, CO,
measured (kmkg?) (gkm?h  (@km?) (gkm? (g km™)
(gkg!)  (gkgh)  (ugkg™) (g kg™)
LDV  TJQ (2011) 13.7+18.4 C5.843.8> 0.3+0.2  0.178+0.143 <C219+165 >

78.9+25.3 42426  2,441+44 3,001+85

HDV TRA (2011) 224271 3.5%15 9.2+2.7  0.290+0.248 < 1,427+1,17
7.8+4.3 25.5%8.1 692+663 3,177+£90

LDV  TJQ n.d. @ 1603  n.d. n.d.
(2004)[12] n.d. n.d. n.d. n.d.
HDV TMM* n.d. 20.6+4.7  22.339.8 n.d. n.d.
(2004) [12] n.d. n.d. n.d. n.d.

Notes: !Tunnel Maria Maluf, Sdo Paulo (2004).

Perez et al., 2013
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Table 2. Composition of the road dust as a percentage of the total mass of the resuspended

material collected on the Teflon filters in the resuspension chamber.

Compound IAG RA i RA o JQ i JQ o
BCe 1.96£0.39 10.75=4.3 1.52+0.17 399+1.99 1.04£0.19
AbOs 3222+644 1927=7.71 32.57=3.58 13997 32.76£5.9
510, 3341 +£06.68 12.53=5.01 30.68 =3.37 19.52+9.76 29.36£5.29
Fe:0s 454+£091 3.76 1.5 6.18 £ 0.68 9.74+ 487 4,75 £0.85
KO 2.15+£043 1.41=0.56 1.78 0.2 1.55+0.78 1.32£0.24
CaCOs 2.85£0.57 627x251 398044 8.78+£4.39 77714
MgO 234047 1.11=0.44 223+£0.24 1.97+0.98 229x041

(NH4)2S04 1.68 £0.34 109944 1.51+0.17 6.77+3.39 1.14+£0.21

Na 0.34+0.07 073029 0.27+0.03 0.7+0.35 0.2+0.04
TiO 0.61+0.12 0.23x0.09 0.57+0.06 0.43+022 0.65x0.12
ZnO 0.11+0.02 0.44=0.18 0.2+£0.02 0.73£0.36 0.13£0.02
MnO» 0.07+0.01 0.11x0.05 0.12+0.01 0.16 £0.08 0.06£0.01
P 0.06 £0.01 026=0.11 0.44+0.05 0.14+0.07 0.04+0.01
Cl 0.06+0.01 0.74£0.3 0.19+0.02 0.53+0.27 0.02 £0.004
CuO 0.04+0.01 0.23x0.09 0.06 £0.01 028+0.14 0.05£0.01
V205 0.01+0.002 -- 0.02 £0.002 0.02 £0.011 0.01 £0.002
Cr - - 0.05 = 0.005 0.04+0.018 0.03 £0.005
NiO 0.01 £0.002 0.04=0.016 0.03 £0.004 0.01 =0.006 0.02+0.003
Rb 0.01 £0.002 - 0.01 £0.001 0.004 £ 0.002 0.01 £0.001
Sr 0.02+0.004 0.02 £ 0.007 0.03 £0.004 0.06 £0.032 0.02 £0.004
cd 0.01 £0.001 - 0.01 £0.001 0.02+0.011 0.01 £0.001
Sb 0.01 £0.003 0.08=0.033 0.01 £0.001 0.1 +£0.048 0.02+0.004
Pb 0.03 £0.005 0.07=0.028 0.01 £0.001 0.05+0.026 0.01 £0.002
As 0.001 £0.0002 0.01=0.0041 0.002+0.0003 0.009=+0.0047 0.0004+0.0001
Se 0.002 £0.0005 0.03£0.01 -- 0.01+0.01 0.003 £ 0.001
Br 0.001 £0.0003 0.005=0.0021 0.001=0.0001 0.005=+0.0027 0.002+0.0003

Values are expressed as average + standard deviation. JQ_iand JQ_o. respectively, inside and outside the Janio
Quadros Tunnel (traveled primarily by light-duty and small. diesel-powered utility vehicles): RA 1and RA o.
respectively. inside and outside the Rodoanel Tunnel (traveled by a significant number of heavy-duty vehicles):
and TAG, Institute of Astronomy. Geophysics, and Atmospheric Sciences (local street traveled by a mix of

light- and heavy-duty vehicles).

Sao Paulo School of Aerosols, July 29, 2019 Hetem & Andrade 2016
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Table 4. Profile of resuspended road dust from the three outside-tunnel sites

evaluated in Brazil. together with comparable profiles for cities in Texas

and for the city of Seville. Spain.

Urban resuspended road dust profiles

Brazil United States Spain
Compound/element %o of total PM:: %o of total PM:: % of total PM::

BCe 1.50+£0.16 254028 5321

Si 1037+1.72 19.13+2.10 -k -

Al 861x142 681075 21=06
Fe 5.15+0.82 263+029 25+05
Ca 281+047 30.11 £330 112+£31
Mg 1.38+0.23 0.54+0.06 19+13

K 1.32+022 142016 0702
Ti 061+0.10 031+0.03 1.6+03

g 035x0.06 304033 04=01
Na 0.27+0.04 0.02 +0.002 03+0.1

P 0.18 £0.02 0.28=+003 0.1=00
Zn 014002 022+0.02 13+03
Mn 0.07+0.01 0.05=001 0.37+0.13
Cu 0.04+0.01 0.03 £0.003 0.77+0.27
cl 0.04 =0.005 0.15=002 09=15
Cr 0.03 £ 0.002 0.02 £0.002 0.145 = 0.061
Sr 0.0254 + 0.0040 0.1537+0.0169 -

Pb 0.0158 £ 0.0027 —-* - —z=—

Sb 0.0118 +0.0020 —* - -+

Ni 0.0113 + 0.0016 0.0090 = 0.0010 —z=—

v 0.01=0.001 0.02+0.002 0.0057 = 0.001

Values are expressed as average + standard deviation. Data for the United States (five sites

within the cities of San Antonio and Laredo, Texas) were obtained from the SPECIATE

4.0 enussions profile database of the United States Environmental Protection Agency. Data

for Spain (an urban site in the city of Seville) were obtained from Amato et al. [27].

Sao Paulo School of Aerosols, July 29, 2019

Hetem & Andrade 2016
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Road dust (:a, &, 5c, 51, Ti, Fe, Sm
a2a salt MNa, CI, Wa*, ¢ Br, |, Mg, Mg®
0il burning W, Ni, bn, Fe, Cr As, 5, 50 F
C:oal burning A, 5c, 58 Co, A5, T, Th, §

Irom and st22l industriss

b, o, e 20, WRE

Non<4errous matal industriss

Zn, Cu, Ag 5b, Po, Al

Glass industry 5h, 45 Ph
Cemant industry (3

Refusz incinzration K, Zn, Pb, 5b
Biomass burring K, Cop G B 2N

A0t omobilz ga solins

G Br, 3 Ly, Pt 302, NO,

Automobile disssl

Gy Gy 50,50,

Sacondary agrosols

50,7, N0, NH,!

Ele ez nt= Possible Sources

Al, 5i, Ta, Soils, Dust

Ti, Kn

5 Fozzil fusls, Anthropoganic, and
Biornass burning, Qczans, Soil
Erozion

l CFC's Soil, S2a salt and
Anthropogenic sourcss

K Coal combust ion, Biomass burning,
Biomass fusls

W Fusal oil and Stesl factorizs

r Emizzions from Chemical plant s,
Camant dust and Crostal sources

F= Soilz, Smalting industry

Mi H=zavy fusl oil combustion

u Industrizs and Wastatreatrnent

Zn Combustion of coal and hzavy
fu=l oil

b= Solid minzral fusls, Hzawy fuzl oil,
Wolzanoss, Smalting industry

Sa Hzawy fusl ol and Glass production

Br Gasoling, Transport ation industry

Rb Crustal sources

Phb Paint industry, Leadad fusl uzs

(bannad)
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Tablz 3.3

Partk ke Abumdance in Percent Mass

Dominant
Source Type  Partkle Size =0 1% 01t Tte W% = W%

Paved Road Coarss (2,5 Cr S Phb, Zr SOF M K RS, EC ALK, Ca, Fa O, 5

to 10 pmm Zl, kn, Zn, Ba, Ti
Unpavad Road  Coarss MO HH R S0 Mat, Ko RS, OC, ALK, Ca, Fe S
Dust Zn 5r.Ga Cl, b, Ba, Ti
Construction Coarsgs Crhin, Zn, SriBa S0 KL ST QC, Al K, Ca, Pz S
Agriculturs Coarss WO HH S 502, Nat, K 5, O, Al K, Ca, Fa b1
Soil Zn Sr I, kr, Ba, Ti
Matural Soil Coargs CrLokn, 56 Zn, Ba G Ma EC RS, 00, AL Mg K, Ca, S

I, Ti Fz
Lak=EB=d Coargs kin, 5. Ba kr, Ti 05 Nt O AL S
5, ClL K, Ca, Fe
Matar Fins (0 to Cr M, Y, 3R Ba SLCL AL SLP Ca, L NOB', 5013', OC EC
Wehicl2'83-205 2.5 m) Wn Fz Zn, B Pb MH*, S
Wagst ative Fing Ca, kn, Fe Zn, MOS, SOF MNHY, Tl R LK O, EC
Burning Er, Rb, Pb Ma+, 5
Rasidual Qil Finz B+, O, CL T Cr MH Ma', Zn Fe W OC EC, Mi S sod
Combustion o Ga, 52 S
Incin=rat or Finz Wokin CuoAg Sn KL AL TL Zn Hg, o MO Mat, EC 565 0% NH
-a, Fg, Br, La, Pb o
Coal-Fired Fine CLCL MR, Ga,  NHSLPE.TLW 507 0CEG AL Si
Boilzr &8z, 52 Br, Rb, Zr Wi, Zn, 5, Ba, Pb 3, Ca, Fe
Qil Firad Powser Finz Y. Mi, 5= A5 Br AL SLRK Zn MH,, OC, EC Ma, 5, 307
Plari Ea a, Pb
Smelters Finz W hdm SbeCR TI Cd Zn kg, Ma, Fa Cu, 45 Ph 5
Ca, K, Sa

b arin= Fine and Ti, W, NI 51 21, Al 5L K, Ca, P MO, 508, 00 EC O Nar,

Coarss Fd Ag =n, b cu Zny Ba, La Ma, <l

Pb

Soncs  Chov, 1995,

Sao Paulo School of Aerosols, July 29, 2019
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Examples in Sao Paulo



CMB Receptor Models

CETESB, 2002

RUA: poeira de rua coletada em Cerqueira Ceésar, nas imediacdes da estacdo de
amostragem;

VEIC: emissdo veicular;

SULSEC: sulfatos secundarios:

CARSEC: carbono secundario:

NITSEC: nitratos secundarios;

QUEIMA: fonte de combustdo de residuos;

COMBIO: fonte de combustio de biomassa;

CIMENTO: material particulado proveniente de cimento Portland;
MAR: fonte de aerossol marinho.

Sao Paulo School of Aerosols, July 29, 2019
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COMBID  RUA
2 4%

CUENA
2%

NITSEC
1%

Concentracio media: 68 ug/m

SULSEC

13% VEIC.

41%
CARSEC
32%
QUEIMA
COMBIO 1% RUA
NITSEC e

1%

SULSEC
20%

VEIC
7%

CARSEC
30%

Concentracio media: 40 ug/m

Source of PM2.5 In
Cerqueira Cesar
IN1993

Sources in Cerqueira
César in 1996/97.

(Cetesh, 2002)
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Principal Component Analysis

* Introduced by Pearson (1901) and Hotelling
(1933) to describe the variation of a
multivariate data set in terms of an
uncorrelated set of variables.

* Matrix with n observation in p correlated

X15X0s .- X,

* PCA seeks one transformation of x; in p new
variables y, that are not correlated



PCA objectives

e Extract the true dimension of the data.

* That Is, the dataset of dimension p can be

represented by g<p dimensions without losing
Information.

* Interpretation of the main components (“new”
variables).



Principal Component Analysis

X vector of p original variables x" = (X, . . ., Xp), with
Cov(x) = Z. Consider p linear combinations for X,,..., X

— 1 Tv —

— 1 Ty —

p

=] Tx = + + o+
Yo = lx =Xy + X+ X

So Var(Y) = I Var(x) I; = 1T = I, e Cov(Y;, Y;) = Cov(l;x, 1'x) =
=1, The Principal Components are the linear combinations

Yy, ..., Y, not correlated, with the highest possible variances.

Data Mining Consultant
StatSoft South America Consulting Services 35



Como Obter as Componentes Principais

The 1-ésima Principal Component is the linear combination

|.Tx

That maximize

Var(l.x)

With the characteristics
1,=1 Cov(l"x, 'x) =0,

To any | < I. These restrictions ensure that the sum of the
variances of the original variables is equal to the sum of the
variances of the principal components and that they are
uncorrelated.

Data Mining Consultantchool of Aerosols, July 29, 2019 36
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How to obtain the Principal Components

Be > the covariance matrix associated with the random

variable vector x. Be (A, ay), . . ., (A,, &) eigenvalues and
standard orthogonal eigenvectors associated with 2, sorted
so that Ay 2 A, > ... > A > 0. The I-esima Principal
componente is
Yi= o =0 X+ opXy L apX
1=1,2,...,p. With The magnitude
V=T =) = OfGij
Var(Y)=a'2a=A,i=1,2,...,p PR
Cov(Y, Y)=a'Za,=0,i#] importance of
the jth variable
for the ith
principal
component.

Data Mining Consultant
StatSoft South America Consulting Services



Properties of PC

It is important to note how much of the total variability is explained by
each major component. To find this measure, simply calculate;

" i=1,2,..p:

Principal Components can also be obtained from standard variables,
ie from the correlation matrix:

The principal components derived from the covariance matrix Z are
generally different from the principal components derived from the
correlation matrix p;

If the data follow a Multivariate Normal distribution, the eigenvalues
of 2 are distinct and the principal component analysis is based on the
Maximum Likelihood Estimator of the covariance matrix.

Sao Paulo School of Aerosols, July 29, 2019 Data Mining Consultant
StatSoft South America Consulting Services
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Wintertime and summertime Sao Paulo aerosol source
apportionment study

Andréa D.A. Castanho®, Paulo Artaxo

Atmospheric Environment 35 (2001) 48894902
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Castanho & Artaxo, 2001
Sao Paulo School of Aerosols, July 29, 2019
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Table 1
Descriptive statistics of the fine and coarse mode particulate matter during the wmntertime sampling period, from 10 July to 10
September in 1997 in the Sdo Paulo metropolitan area

PM; 5 aerosol (dy< 2.5 pum) Coarse mode aerosol (2.5<dy < 10 pm)
Specie Mean (ng m~) ng m~?) Number of samples Specie  Mean (ng m™>) af ng m™) Number of samples
PM, " 30.2b 16.1% 181 CPM"  46.1° 1 S
Black carbon® 7.6" 3.7 181 - — — —
Organic carbon® 158 8.3 57 — - — —
Al 437 282 |79 Al 1521 1212 177
S 511 288 |79 S 2269 | 726 177
P [4.3 49 25 P 25 14 | 14
5 [510 [ 166 |79 5 733 580 177
Cl 52 35 T8 Cl 250 279 177
K 407 252 |79 K 486 433 177
Ca | 46 93 |79 Ca [196 864 177
Ti 3l 24 179 Ti 217 |65 177
V 1.7 6.5 |79 W |12 12 177
Cr 9.6 37 9 Cr 24 15 |
Mn 2.6 8.1 179 Mn 32 23 177
Fe 532 273 179 Fe 1981 1426 177
NI 39 2.8 179 NI 38 6.2 177
Cu 19 [l 179 Cu 44 o 177
Zn 126 07 179 Zn |59 234 177
Se 30 2.6 [23 Se 30 4 86
Br 14.3 6.2 65 Br 24 14 27
Rb 4.6 2.5 84 Rb 1.6 49 [ 06
Sr 2.4 1.0 72 Sr 8.5 6.2 177
Zr 4.1 2.1 28 Zr |2 |5 01
Ph 42 M4 179 Ph 38 45 177

* is the standard deviation of the concentration distribution.
b Concentrations in (ng m™). Sao Paulo School of Aerosols, July 29, 2019 Castanho & Artaxo, 2008



Table 3
VARIMAX rotated factor loading matrix for the elemental, PM5 5 and black carbon concentrations of the fine particulate matter
sampled in wintertime from 10 July to 10 September 1997 in Sdo Paulo city”

Elkement Factor | Factor 2 Factor 3 Factor 4 Factor 3 Factor 6 Communalities
Soll dust | Motor vehicles Sulfates Ol combustion Industry Soil dust 2

Al 0.94 0.11 0.12 — — — 092
Si 0.89 0.20 — — — 0.21 (.88
Ti 0.76 — 0.19 — 0.51 0.89
Cu 0.22 0).88 — 0.15 0.20 0.23 0.94
Bc 0.23 0.80 0.31 0.27 0.22 — 091
5 — — 0.75 (.33 .43 022 091
PM: 5 0.24 0.47 0.70 (.28 0.29 0.21 097
K 0.43 0.29 (.68 0.33 — 0.15 087
W — 0.29 0.29 .86 0.16 — 0.94
Ni — 0.18 0.25 0.81 0.43 — 093
n — 0.35 022 0.33 0.80 — 092
Ph — 0.56 0.36 (.35 0.60 — 093
Ca .58 0.12 0.17 — — 0.67 0.83
Mn 0.23 0.17 0.33 0.27 .55 (.58 0.90
Fe 0.52 0.45 0.23 0.21 0.16 (.56 091
Variance (%) 21.8 17.2 14.6 4.2 [2.8 10.6 91.1

*Only factor loadings larger than (.1 are shown.

Castanho & Artaxo, 2001

Sao Paulo School of Aerosols, July 29, 2019



Castanho & Artaxo, 2001

Table 5

Correlation coefficients between factor scores identified by the
APFA procedure in wintertime and the concentrations of CO,
NO; and SO, and organic carbon obtained by the carbon

monitor in the same period®

Fme particulate sources Gaseous species

Carbon monitor

CO NO, S0y Organic carbon
Soil dust | 0.35 033 058 0.56
Motor vehicle 080 075 043 071
Sulfates — =024 — =017
Ol combustion - — - —
Industry - - - -
Soil dust 2 —_ - 035 —

*Only statistically significant (within 95% confidence inter-

val) correlation coefficients are shown.

Sao Paulo School of Aerosols, July 29, 2019
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Tahle 6

Absolute aerosol source apportionment for the elemental, PM; s and black carbon concentrations of the fine particulate matter
sampled in wintertime from 10 July to 10 September 1997 in Sao Paulo®

Factor | Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Concentration
(ngm™) Soil dust | Vehicle traffic Sulfates Oil combustion Industry Soil dust 2 Model/measured
PM, ;" 39 8.5 7.0 3.6 1.5 1.6 1.0]
Bc" 1.5 34 0.75 |.4 0.27 — 1.03
Al 378 40.7 215 — 3.7 —6.4 0.99
Si 372 69 — 36.0 5.5 25.4 1.0
S — 86 557 520 162 140 1.03
K 139 70 102 87 — 2.2 0.99
Ca 85 15.8 [1.1 — — 30.4 1.03
Ti 24.7 — 2.5 — -0.92 3.5 0.98
v 0.80 2.2 1.2 6.8 0.34 0.23 1.0
Mn 30 1.6 1.7 2.6 1.4 2.3 1.00
Fe 207 131 388 6.8 14.2 13 1.00
Ni —-0.21 (.53 0.42 2.6 0.38 0.08 1.00
Cu 3.8 [1.1 — 20 0.74 [.2 1.02
Zn — 39.8 [4.3 41.3 274 3.5 1.00
Pb =27 19.6 1.1 [3.1 6.5 -0.73 (.98

“PM; s: fine mode particulate matter; BC: black carbon.

b Concentration in (pgm™).

Castanho & Artaxo, 2001

Sao Paulo School of Aerosols, July 29, 2019
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Determination of source contributions of NMHCs in Helsinki
(60°N, 25°E) using chemical mass balance and the Unmix
multivariate receptor models

Heidi Hellen*, Hannele Hakola, Tuomas Laurila

Atmosphenc Environment 37 (2003) 14131424

Sao Paulo School of Aerosols, July 29, 2019 47



Hellen, 2003

Table 1

Average concentrations {pg/m”) in the ambient air during difTerent seasons and the source profiles for NMHC emissions in Helsinki

used in the CMB study

Species Mar Jun Aug MNov LG GVs GVw  GE DE D5 DSw  OG B
Ethane® 422 231 2.40 3.53 000 000 001 002 004 020 024 0.54
Ethene® 214 0.79 1.13 .88 000 000 000 0 D44 004 D 0.00
Propane® 331 L1E 1.58 330 000 003 003 000 002 005 0UIR 027
Propene® 071 0.37 0.49 0.75 000 000 000 004 04 001 0ol 0.0l
2-Methylpropane™ 166 080 [ 1.78 001 008 008 0ar 0ol 004 00 0.7
Ethyne® 228 037 081 137 000 00 000 006 010 003 o 0.00
Butane® 5.45 232 293 4.86 011 044 058 006 002 007 01l 0.07
trans-2-Bulene 0.4 0.10 0.10 013 0oo 0oz 002 000 001 000 0.00 0.00
I-Butena® 0.20 013 015 017 0oo 0ol 0.0l 0ol 003 000 000 0.00
2-Methylpropene 0.55 0.30 083 0.42 0oo 0ol 0.00 0oz 002 002 00l 0.00
cis-2-Butens 014 003 .09 0.11 oo 002 0.0l 0o 0ol 000 0 0.00
2-Methylbutane™ 230 140 1.75 261 oo 014 0l 005 001 003 00 n.nz
Pentane® 1.12 037 0.97 1.55 0o4  00E D03 00z 001 004 D 0.0l
Propyne® 0.03 0.02 0.03 0.04 000 000 000 000 001 000 0.00 0.00

1. 3-Butadiene 018 0.09 013 0.16 000 000 000 0ol 003 000 000 0.00
trans-2-Penteneg 013 008 .09 0.12 0or 0 0.00 000 000 000 00 0.00
cis-2-Pentene 006 003 .06 .06 000 00 000 000 000 000 00 0.00
Cyclohexane® 029 013 0.32 0.42 0or 0 0.00 0ar 000 002 o 0.00
2-Methvlpentane® .66 042 0.58 0.77 0p4 04 D0l 003 000 001 00l 0.00
3-Methylpentane® 041 027 0.39 048 0p4 002 00l 00z 000 001 0ol 0.00
Hexana*® 1.00 1.09 0.46 0.72 003 00z 000 0ol 000 0020 002 0.00
Isoprens™ 014 012 .64 009 000 00 000 000 000 000 00 0oy 034
Heptane™ 0.46 038 031 .63 00z 00 000 0ar 000 000 ol 0.00
Benzene™™ 1.83 068 1.04 1.24 00z 0 0.00 0 003 008 06 0.00
Toluena®* 4.09 217 345 4.16 017 00F 0ol 04 003 006 003 0.00
MTBE** 1.99 1&g 215 215 0oa 000 D03 004 000 004 00l 0.00
TAME** 053 0.34 0.42 0.6l ooa 00l 0.0l 004 000 001 000 0.00
Ethylbenzene™ 082 0.51 .67 [ 003 000 000 04 000 00l o 0.00
pim-Xylene™* 242 149 1.87 2.43 007 0 0.00 0 0ol 002 002 0.00
Styrens 0.06 <DL  0.03 <DL 000 000 000 001 000 001 0.0 0.00
o-Xylene** 098 0.59 0.78 1.01 003 000 000 004 000 001 00l 0.00
a-Pinens®* 0.09 0.19 0.41 0.09 000 000 000 000 000 000 0.00 000 034
Propylbenzens™* 022 011 018 0.20 0or 000 000 0ol 000 000 000 0.00
J-Ethyltoluene® > 0.55 029 .44 .53 00z 00 000 00z 000 000 0 0.00
Camphene <DL <DL 002 003 000 00 000 000 000 000 00 0oy 004
4-Ethyltoluene® ™ 0.26 0.14 0.22 0.24 001 000 000 001 000 000 0,00 0.00

1.3, 5-Trimethylbenzene 0.25 013 0.21 0.27 0or 000 000 0ol 000 000 0.00 0.00
Sahinene n.d. .l 0.0l n.d. 000 000 000 000 000 000 000 000 000
2-Ethyltol uene®* 023 014 021 022 0or 00 000 0ar 000 000 0 0.00
f-Pinensa®* 0.0z 004 .10 003 000 00 000 000 000 000 00 0oy 009
1.2 & Trimethylbenzne® 087 046 075 0592 003 000 000 002 000 ool o 0.00
3-Carene** <DL 005 0.12 0.03 000 000 000 000 000 000 0.00 000 nog
1.2, 3-Trimethylbenzene®* 023 013 0.24 0.25 0or 000 000 0ol 000 000 0.00 0.00
Limonene <DL =DL <DL <DL 000 000 0.00 000 000 000 000 000 004
1. 8-Cineol <DL 002 003 0.0l 000 00 000 000 000 000 00 0oy 005

Note: LG =liquid gasoline, GVs=
exhaust, DSs = distant m&um&ﬁ@;ﬂ&b&l mschaahﬂfmAm&oJ&.,L&u&y 29@2@43 hiogenic sources. Fitling species used in

CMB only are marked with (*) and fitting species in CMB and in Unmix with (**).

gasolineg vapour in summer, GVw = gasoling vapour in wintgr, GE = gasoling exhaust, DE = diesel
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Tahle 2

source contributions + standard deviation (a8 % of measured mass) of NMHCs given by the CMB model using 24-h samples and
messured source profiles

March June August MNovember Year 2001
Liguid gasoline 40+31 13.0+57 16.7+59 160197 124+59
Gasoline vapour 10.4+23 Q.5+56 Bit4l 69+23 BRELILS
Gasoline exhaust 41.54£2.9 JILR3 I3RS 2834123 BIL58
Diesel exhaust 00400 0.0+0.0 1.0+1.9 0.0+£0.0 0.2+0.5
Diistant sources 41.2+£7.0 298+ 104 22472 460+ 11.7 T3+7.46
City gas 0.0+0.0 59+ 1R 33+55 04+09 24+2R
Solvent 26+10 27+14 40+28 16+0.8 27£10
Biogenic 0.4+0.1 1.7+ 0.7 ii+l4 04+0.3 l4+1.4

Hellen, 2003

Sao Paulo School of Aerosols, July 29, 2019 49
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Fig. I. CME calculated contributions (% ol measured mass) of different source catepories of all NMHCs and aromatic compounds in
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ACP Mass Balance: inorganic data

Oyama, et al., (2016)

= Not explained 1.1 ug/m* 0.9 ug/m?

= Soil dust resuspension/ contructions Vehicular emissions of organic

particulate matter in Sao Paulo,
Brazil

Author(s): B.S. Oyama et al.

MS No.: acp-2015-774, submitted

4.1 ug/m3

Vehicular/ Secondary Aerosol
== Vehicular
= Qil Fuel burning 7.6 pg/m?

6.7 ug/m?

Andrade et al. (2012) Andrade et al., 2012. Vehicle
emissions and PM2.5 mass
concentrations in six Brazilian

3.8 ug/m? 3.8 ug/m?

Cities. Air Quality, Atmosphere &
Health. Volume 5, 1, pp 79-88.

== Soil / contructions

= DV

HDV
3.5 ug/m’

== Qil Fuel burning

8.0 ug/m?

. \2/851i2(§ular emissions: more than 60% and more than 50% (Andrade et al.,



Example of project
Receptor Modeling:
Identification of the vehicular emission
contribution to PM, . mass concentration in six
Brazilian Cities

PROJECT:
Funded by the Ministry of
Environment

Coordination: Medical School USP

Sao Paulo School of Aerosols, July 29, 2019 52



Regido Metropolitana

Populagao (milhdes)

Territério (mil km2)

" Recife

| Sdo Paulo 19.9 7.9
| Rio de Janeiro 11.8 5.6
Belo Horizonte 5.0 0.9
Porto Alegre 9.8 4.1

| Curitiba 3.2 15.4
3.8 2.8

i Recife

7z

Belo Horizonte

SOUTH

PACIFIC
OCEAN

Rio de Janeiro

Sao Paulo  Curitiba

@ x

- Porto Alegre

Sao Paulo School of Aerosols, July 29, 2019
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concentration in ug/m3

100

10

o
[

0.01

0.001

0.0001

® Belo Horizonte

m Curitiba

Porto Alegre

m Recife

j Rio de Janeiro

® S3o Paulo

PM2,5
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Mean concentrations and standard deviations for PM2.5 and BC (in ug /
m3) and for other elements in the fine fraction (in ng / m3). The loadings
were obtained by VARIMAX rotation for Sao Paul based on the Maximum
Likelihood Estimator of the covariance matrix.

Mean | Std.Dev. | Factor1 | Factor2 | Factor3 | Factor 4
#Cases
PM; 5 201 28.1 13.3 0.3813 0.4319 0.5924
BC 201 10.2 6.4 0.4483 0.6890
Al 160 55.2 61.5 0.9305
Si 201 | 1283 | 1246 0.8728
P 197 224 15.7 0.9185
S 201 | 936.7 | 5175 0.9464
Cl 191 90.8 153.0 0.6049 0.4313
K 201 | 239.3 | 210.6 0.4525
Ca 201 84.9 88.6 0.8835
Ti 201 9.0 8.8 0.8948
\Y 193 16 12 0.7223
Cr 188 1.6 1.6 0.8202
Mn 200 6.1 4.1 0.4363 0.5870 0.4654
FPj 201 | 181.0 | 1227 0.7088 0.4893 mN.D. m Soil
Ni 139 11 0.9 0.8772
Cu 183 | 96 8.2 05056 | 0.6597 Industrial mlight-fleet
Zn 199 75.1 65.1 0.6925
Br 182 4.1 3.6 0.6736 “ heavy fleet
Pb 162 16.3 13.0 0.8261
Eingenvalue 4.8 2.9 3.6 4.1
Explained variance (%) 26.7 15.9 20.2 22.9 S P I
a0 Faulo

Sao Paulo School of Aerosols, July 29, 2019 55



Mean concentrations and standard deviations for PM2.5 and BC (in ug /
m3) and for other elements in the fine fraction (in ng / m3). The loadings
were obtained by VARIMAX rotation Rio de Janeiro based on the Maximum

Likelihood Estimator of the covariance matrix.

#Cases | Mean | Std.Dev. Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
PMys | 150 | 17.2 | 111 0.8778
BC 150 3.3 2.2 0.7073 0.4984
Al 125 | 49.8 58.8 0.8807
Si 149 | 121.0 | 1285 0.7847
S 150 | 658.1 | 449.3 0.7146 | 0.4726
Cl 137 | 51.9 | 812 0.5925 0.5293
K 149 | 177.7 | 166.5 0.7988
Ca 148 | 41.4 35.8 0.8513
Ti 150 5.6 4.8 0.9069
V 149 43 2.6 0.8750
Cr 147 1.8 0.7 0.8636
Mn 148 42 2.5 0.6416
Fe 150 | 75.3 55.2 0.7552 0.4090
Ni 140 2.8 1.6 0.7801
Cu 146 8.2 5.7 0.7752
Zn 149 24.7 21.5 0.6938
Br 150 6.4 4.2 0.6386 0.4525
Pb 149 | 12.2 10.1 0.8069

Eigenvalue 8.8 1.9 18 13 0.91
Explained Variance (%) 8.8 10.8 9.9 7.5 5.1

Sao Paulo School of Aerosols, July 29, 2019
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Source Profile - Metropolitan Area of Sao Paulo

80
60
X 40
<t il ohe Lok
. | 1 _A0 s Bin of0 Nin
1986 1989 1997 2003 2008 2012 2013 2014
M Soil + construction M Vehicular Emission ® Fuel Oil

Receptor Modeling for SGo Paulo

- Results for 2012-2013-2014 from PMF
- Results from 1986 to 2008 with APCA
- The participation in the PM, < has, in average increased for mobile source
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Which elements can be
sources markers?

The sources tracers have been
changing with time: a Strong
correlation between S and P
indicates the presence of mobile

y = 24.548x + 274.67 sources, mainly diesel.

RE=073 We found the same profile at bus

terminals and trucks garage.
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y =0.4735x + 0.6571
R*=0.8976

y =0.2893x + 1.295
R? = 0.1405

V and Ni,
classical
indicators of fuel
burning are not
presenting high
correlation any
more.




Positive Matrix Factorizaton
(PMF)



Review on recent progress in observations, source identifications and

countermeasures of PM- =
Chun-Sheng Liang *°, Feng-Kui Duan ***, Ke-Bin He **, Yong-Liang Ma*P

Composition (%) Sources (%)
P Organic matter [l Suifate City (year) s Traffic Il Coal burning

I Nitrate B Anmonium | Concentration | [l Biomass burning ™ Oil burning
' i Dust related

Chloride B =c pgm* I Industry
' B SOA Il SA | Others
Others
Halifax (201 1) Paris (2009/201 0)  Brindisi (2012) Belpng (201 0) Jinan (2010) Seoul (2009/201 0)
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Fig 2. Concentrations, composition and sources of Pk s in different continents accordingto the recently reported results. Results were based on FIMF, except in Mew Dol (pragmatic mass
closure). Data taleen from references: Seoul (Choiet al, 2013 ), Bsijing (W et al, 2014b), [inan [ Gu etal, 2014), Zhengzhou (Geng et A 2012), Xi'm (Wang et al, 2015¢), Thengdu [ Tao
etal, 201 4a), Shenzhen (Huang et al, 2014b), MewDelhi [ Pant et al, 201 5), Pags (Bress ot al, 201 3; Bressi etal, 2014), Bondis (Cesan ot a, 201 4), Halifax (Gibson et al, 201 3), Dearborm
[Pancraset al 2013 ),{osta Rica (Murillo et al, 2013b ), North <hik ([orqueraand Barraza, 2013), Redfe (dos Santosetal ,.2014) Nairobi (Gata et al, 201 4), Neveastke [Stelceretal 2014 ).

See Table 53 for details.
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PMF
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Elementar Concentration

=6

Source Profile F(pxm)
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PMFE

E=X-Y = X-GF

1,.....,n (™M sample)
=1,.....,m (j'M° element)
1,.....,p (k&'™2 source )

;8x>0ef;>0
s; = uncertainty de x;.




Factor contributions and profiles are denived by the PMF model minimizing the objective
function @ (Equation 1-2):

" I!.'_ig*-'ﬂs-'
0-3 3| —=

=] el !-I!

i

2 is a crtical parameter for PMF and two versions of Q are displayed for the model nuns.

e  (Qtrue) is the goodness-of-fit parameter calculated including all points.

*  (Qrobust) is the goodness-of-it parameter calculated excluding points not fit by the
model, defined as samples for which the uncertainty-scaled residual is greater than 4.

PMF5.0 manual
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Input/Output | Base Model Displacament | | Bootstrap BS-DISP
Specification Execution Execution Execution Execution
Concentration Resldual MSP resuwis BS nesults BE-DISE
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Configuration ObsPred BE-DISP
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Figure 6. Flow chart of operations within EPA PMF — Base Model.

:

Conbributlons

PMF5.0 manual
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Two calculations are performed to determine S/N, where concentrations below uncertainty are
determined to have no signal, and for concentrations above uncertainty, the difference between

concentration (x) and uncertainty (3,) 15 used as the signal (Equation 5-3):

:r—s
| ‘rf:l:

- - <
da. =0 if x, =3,

Sf/M is then calculated using Equation 5-4:

g n
T} =¥ 21 d,

PMF5.0 manual

Sao Paulo School of Aerosols, July 29, 2019
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Figure 3. Example of the Concentration/Uncertainty screen.
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Displacement (DISP) intervals include effects of

rotational ambiguity. They do not include effects Rapdom E rers

of random errors in the data. For modeling Zine DIs?
errors, if the user misspecifies the data
uncertainty, DISP intervals are directly impacted.
Bootstrap (BS) intervals include effects from RandomlErrors +
random errors and partially include effects of Rolational |JAmbigyity
rotational ambiguity. For modeling errors, if the Zinc BS —

user misspecifies the data uncertertainty, BS
results are still generally robust.

BS-DISP intervals include effects of random
errors and rotational ambiguity. For modeling

errors, if the user misspecifies data uncertainty, Rotptional Ambigulty

Zinc B5-DISP

BS-DISP results are more robust than for DISP
since the DISP phase of BS-DISP does not
displace as strongly at DISP by itself.

Concentration ng/m3

Figure 24. Comparison of upper error estimates for zinc source.
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. EPA PMF

ModelData |[Base Model Rotational Tools  Help

| Base Model Runs | Base Model Results | Base Model Bootsirap Resuls  Enor Estimalion Summary
Base Model Runs Base Model Run Summary
Number of Huna: 20 Mumber of Factors: 7 Fun Number Q (Robust) Q (True) Canverged
1 6221.2 67319 Yes
[ Random Start  Seed Number 3 Run 2 82212 £732.0 Yes
3 62211 67320 Yes
Error Estimation 4 62212 67320 Yoe
. 5 g2212 67319 Yes
[t [ e B S 6 62212 67319 Yes
Selected Base Run: 12 & Run 7 62212 67319 Yes
- B f221.1 67319 Yes
9 62212 6731.9 Yes
Base Modl Boatsirap Mathod 10 62212 6731.9 Yes
Selected Bese Run: 12 11 G212 57319 Yes

Block Size: 22 Suggest 13 62212 67318 Yes
[: 14 6221.1 6732.0 Yes

Number of Bootsiraps: 100 13 I 62211 6732.0 Yes
16 B231.1 6732.0 Yes

Min. Comrelation A-Value: 06 |ﬂ Run 17 | g2211 E731.9 Yes
18 62211 67319 Yes

Figure 26. Example of the Base Model Runs screen highlighting the Base Model

Bootstrap Method box.
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Figure 2: Mean annual source contributions to PM,, (PM. s for ML) from the multi-site PMF for
each country. The number in the white box at the center of the pie chart is the measured mass
of PM (in wgim®). TS traffic site; UB: urban background: RB: regional background; CB:
continental background.
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Conclusions

* The analysis of trace-concentration variations with
time can indicate the importance of specific
sources

* The elemental composition of particulate matter
can represent the variation in the role to specific
source to atmospheric concentration

* The combination of different receptor models
(Principal Component Analysis and Positive Matrix
Factorization) is recommended to indirectly include
the correlation analysis in the identification of
sources through the tracers of the sources.
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