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Receptor Modelling

= Use of air quality data to infer the sources responsible for measured
pollution levels (opposite of dispersion modelling!)

= Receptor modelling of airborne particles depends upon an
assumption of mass conservation

C. = <
Zfi,j gj
where C;, = airborne concentration of component, i
fi;j = mass fraction of component i in particles from source, j
9i = mass of particles from source j in an air sample

= Analysis of many air samples for multiple chemical components is
necessary
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Types of Receptor Modelling of Particulate Matter

There are two main types

e Chemical Mass Balance

Requires only one air sample, although better results are obtained
with more

Requires knowledge of chemical composition of particles from each
source ( fij)

Varies 9; for all chemical components to obtain best fit to mass
conservation equation

e Multivariate Statistical

Principal Component Analysis widely used, but Positive Matrix
Factorization (PMF) has advantages and is more frequently utilised

Requires no advance knowledge of source chemical composition

Requires many separate samples, and identifies temporal
correlations of components (e.g. Na and Cl in sea salt) in a
multidimensional space.
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Receptor Modelling with CMB Model

"= Uses organic molecular markers and trace elements
to apportion the carbonaceous component of PM,

= Source apportionment of the entire PM, c is
conducted using the Pragmatic Mass Closure Model

"  Results have been processed for winter air samples
collected at at LNK and HAR
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ClearfLo Measurement Site
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NK Site During ClearfLo (1)
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NK Site During ClearfLo (2)




M_ —.—ﬁhmbo —.—Eh&;»o
2E L0 - 80-q0.1
22 90-901 g .,m LO-9P4

@

28 S0-90 4 A 90-494
M m.n  pO-gPAd m .m s0-q92 4
S ¢ €09 =% P0-q0
.. W0-PA § 2 £0-994
107924 al 0P A
.m_ P Lg-uep 10-994
g g | og-unp gy i
2 oo | |£4 £
-Le
& Bl [2 gz-uep © 3 | 05N
= n 0 s g 2 BT-us[”
k- Lyuep SE .
== LTuep
g 9g-usp .
9-unp
o m sg-uep .
& 8 | sgounp
SO |B pr-uer
5= |2 g 3 pr-ump
=E gz-unp & 5
£ m i un m E Frntl
a7 i - - guep
L B | o bt
Tg-uspe s 3 Tesiinp
] - .
og-uep 0z-uep
6r-uep I-uer
3 gr-usp Qr-uep
o 9
m ‘S.. L1-usp Q = Ll-uep
g2 gr-uep w 2 91-urp
M) ST-uep g m S1-usp
Fl-uep E N Fl-uef
eT-usr gr-unp
cr-uer Z1-uep
2 o o 9 =9 = = o 9 9 <
o o ~ " wi -+ e el - = I
(g- w T ) uvonnqryue) Ho (g- wat ) vonnqryuo) Ho

Daily OC Source Contributions at NK and HAR

g UNIVERSITYOF
BIRMINGHAM




UNIVERSITYOF
<~ BIRMINGHAM

Daily OC Source Contribution Estimates with Secondary
Biogenic Components at NK
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Daily PM, . Source Contribution Estimates with Secondary Biogenic

Components at NK

PM2.5 Contribution ( pg m 3)
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Daily PM, . Source Contribution Estimates at HAR

PM2.5 Contribution ( pg m -8)
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SELECTED MEAN CONTRIBUTION TO PM, . MASS (pg m3)

NORTH KENSINGTON HARWELL
COOKING 0.69 (4%) 0.13 (1%)
WOODSMOKE 0.64 (4%) 0.76 (7%)
TRAFFIC EXHAUST 1.26 (8%) 0.61 (6%)
SULPHATES AND NITRATES 8.0 (51%) 6.2 (56%)
PM,.5s MASS 15.7 11.0
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COMPARISON WITH AEROSOL MASS
SPECTROMETER (AMS)

= AMS operated by University of Manchester.

" [nstrument generates a continuous mass spectrum
of non-refractory atmospheric particles of < 0.8 um
diameter (PM, ;).

" The mass spectral dataset is disaggregated into
source contributions using the PMF program.

» Work in London (Regents Park) as part of the
REPARTEE campaigns attributed ~ 1.25 pg m=3to
cooking, and ~ 1.0 ug m3 to solid fuel burning.
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Median Diurnal Profiles of the Factors from the Three Campaigns
(from J.D. Allan et al., ACP, 10, 647-668, 2010)

b: HOA = REPARTEE 1
4 — == REPARTEE 2
== Nanchester

Q.OI|||1||:|1|I0.0|||||

6 12 18 24 6 12 18 24
Hour of Day (GMT)



UNIVERSITYOF
<~ BIRMINGHAM

(a)

(e)

AMS-SFOA (pgm )

6.0

h
=}

f
=

b
=

)
)

0.0
0.0

0.3

0.6 0.9 12 1.
CMB-WS OM (pgm =)

i

18

AMS-COA { pgm )

= y=124x-033
Ri- 080

0.4 08 12 16
CME - Foud Cooking OM (g m )

AMS (BBOA+COA+HOA) (pgm )

10.0

8.0

6.0

4.0

20

0.0
0.0

CME (WS+Coal+Food Cooking+Traflic) OM { pgm * )

(b)

(d)

AMS-SFOA (pgm 7))

6.0

73
=

.l
=

&
=

e
=

0.0

0.00

1.00
CMB-(WS+Coal) OM ( pgm 3)

AMS-HOA { pgm -3)

4.0

[
=

ra
=

-
=

LX]

Lo 0

CME-Traffic OM (pgm )

a0

REGRESSION OF AMS FACTOR
RESULTS AGAINST CMB DATA




J UNIVERSITYOF
BIRMINGHAM

CONCLUSIONS

" Progress is being made in quantifying the
smaller sources contributing to PM, . mass.

= The different methods correlate well, but do not
agree on absolute mass contributions.

= Based upon current knowledge, the
contribution of food cooking to PM, ; is
relatively small (<5%) but may be greater in
areas with many restaurants.
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