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PM10, PM2.5 are complex mixtures

Primary Particles ‘ Secondary Particles
(directly emitted) (from precursor gases)

Carbon Organic

Metals

Ammonium
Sulfate
Crustal
(soil,dust)

(sea salt)

Composition of PM tells ° Ammonia
us about

Gas

the sources and
formation processes



What 0s har mf ul par

A It is unlikely that all parts of the
PM mix are equally harmful.

A Clearly if we knew the smoking
gun then we could target our
efforts more effectively for public
health.

A This might not be the same as .
optimising policy to decrease PM
mass concentration or to
decrease all sources in someway.
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A Will actions to control NShelp
the toxic part of PM?




What 0s har mf ul par

A Some studies point to black carbon or metals or organics or
sulphate but the current expert consensus to regulators says:

A/ ha9!t 6H A wMpndufficientevidértsddBssession
the basis ofelative toxicity whether reduction of one

component of particulate matter would improve health more
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A2 1 h 0 H nnetsuifivientedidencéo differentiate those
constituents (or sources) that are more closely related to
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Al 9LY urdérsainding dfkxposure and health effeiss
needed before it can be concluded that regulations targeting

specific sources or components of PM2.5 will protect public
KSIF fiiK Y2NB STTEOHANOGSFa dODdbdé




Time series health studies

A The most common type of air pollution

health study.

A Focus on short-term health effects only.

A Use one or small number of background -
monitoring sites as exposure surrogate  “ [~/ "\
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Figure 1. Daily air pollution and deaths.

Air pollution aspects of the London fog of December 1952

By E. T. WILKINS
D.S.I.R., Fuel Research Station, Greenwich




What 0s har mf ul par

A The common approaches (Dominici et al 2003) :

A Look at one pollutant at a time reflecting regulations and methodological
Issues (or in my view determining regulation!)

A Have difficultly in separating effects from pollutants that occur at the same time
(high correlation) or have effects that increase together.

A Pairs of pollutants are assessed together to test if the result for one pollutant is
confounded by another.

A Effect estimates can depend on how well exposure of a city population is
captured by a single monitoring site (locally varying vs regional pollutants)

( Thereds a very nice review by Oa®¥¥s e
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What 60s har mf ul D al

A One valiant (and much cited)effort :
Urban Ambient Particle Metrics and Health
A Particle number A Time-series Analysis
A Bl k k Richard W. Atkinson,® Gary W. Fuller," H. Ross Anderson,® Roy M. Harrison,© and Ben Armstrong®
adCK SMOKe
A ambien paiae matet s s it v bl s, S ecatod monioring s Thrs s a e o plcton vt
S u I p h a'te alll‘vtitui l::iz:IElllllil\l);::?éi?f:;tz;?igt];o;f illfs?icciii];ilpf: E%ll‘:l;e. (Epidemiology 2010;21: 501-511)
/e investigate: Fissociat;onlso arange o particle metrics with daily
A N I tra te deaths and hospital admissions in London.
A PM10 by TEOM and gravimetric
A PM2.5 by TEOM and gravimetric
A Primary PM10
A Nonprimary PM10, PM2.5
A Non-primary coarse PM
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particular because exposures were based upon data from a single
centrally located monitoring site. There is a need for replication with
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Cardiac mortality

% (95% CI

Respiratory mortality

% (95% CI)
i,
$
===
¢
—y—
——i
="l
==l
="
—6—
——
——
——
——
% (95% CI

Centre for Environment & Health

(2R Imperial College [ \ENEN
search ondo: LONDON




2@

A

4 Particle number @
=

% (95% CI)

} Cardiac mortality

% (95% Cl)

% (95% Cl)

Respiratory mortality

—
% (95% CI)

O e CF ¥ a® BB R Bl B gF D RS s R
%‘3 %E:l o A_r:”é:\#{fﬂ‘ g g {,"E‘ G a0 qq‘ qq‘ qq‘bq‘b o MRC-PHE
ot G G &Qu = & Centre for Environment & Health

Medical Imperial College K})‘/g?
London Do

xxxxx N




Cardiac mortality

Non primary PM10, PM2.5
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..do we need to think differently about this?

A The single pollutant approach assumes that
we are exposed to one pollutant

A (albeit with tests for confounding by
another pollutant).
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lar days

1181

Group (or cluster) s

Clustered data

Original unclustered data
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K- means to cluster similar days according to
their pollution (only days with all metrics)

2) Chloride 157 days

3) Nothing distinct 349 days

1) Secondary 99 days

4) Primary & NO3 82 days




Why not use the health data to help clustering ?

A Cluster days with similar air pollution mixture and similar health
effects

A Profile regression\olitor et al. 2010)- a Bayasiamon-
parametric mixture model andirichletprocess.

A Spline functions on time and temperature as before

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locatelenvint

Analysing the health effects of simultaneous exposure to physical and @Cmggm
chemical properties of airborne particles

Monica Pirani **, Nicky Best ®, Marta Blangiardo ®, Silvia Liverani “®¢, Richard W. Atkinson , Gary W. Fuller?®
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Respiratory mortality

A Risks relative to mean:

A Cluster 1:0.98 (95% PI: 0:96; 1:00)

A Cluster 2:1:00 (95% PI: 0.97, 1.03) (Mainly primary)

A Cluster 3:1:02 (95% PI: 1:00; 1:04) (SO4, NO3, NPM1!

Table 3: Summary of cluster profiles (on original scale): distribution means (95% P1) for char-
acteristics of clusters from the representative clustering.

Particle compounds  cluster 1 {1156 days) cluster 2 (63 days) cluster 3 (242 days)
PNC {n/em® /1000) 20.08 (19.54, 20.67) 7.01 (23.63, 30.42 24.56 (22,58, 26.51)
Chloride ['I.L:,g,/ma'] [.38 (1.28, 1.47) l.H (0.95, l..‘J(J'] 0.90 (0.62, 1.21)
Nitrate ['I,ugfmz'] 2,90 (2.73, 3.41) 3.76 (2.19, 7.74) ®.O8 (6.49, 9.90)
Sulphate [',ugf-mg'] 2610 (2.49, 2 ”‘J] 265 (1.73, 4.54) 4.76 (3.94, 5.50)
BS (ug/m?) 5.48 (5.33, m"] 9.80 (7.59, 11.57) 8.83 (7.65, 9.82)
PMig (pg/m3) 2306 (2251, 25.48)  37.24 (26.91, 45.09)  42.52 (37.61, 47.25)
PMg s (pg/m3) 15.65 (15.12, l?,-m'] 9845 (19.10, 35.12)  32.09 (26.84, 35.82)
Coarse ['y,g,/m.g'] T.07 (T.32, T.88) SRT [7.23, 10.57) [0.36 (R.82, 12.00)
PPMio [ﬁgﬁmg] 3.95 (3.82, 4.22) T.61 (5.95, 9.70) T.10 (5,79, 8.06)
NPPMi1o ['p:g;’-m?"] 10.27 (9.97, 10.73) [1.93 (7.68, 15.86) [7.32 (15.21, 19.16)
NPPMy 5 [';tgfm?"] 4.56 (4.34, 5.01) [2.04 (541, 18.76) [0.90 {8.74, 12.27)
NPeoarse (pg/m?) 5.76 (5.61, 5H.91) 5.70 (1.87, 6.63) 6.96 (6.12, 7.86)




Respiratory mortality

A Risks relative to mean:

A Cluster 1:0.98 (95% PI: 0:96; 1:00)

A Cluster 2:1:00 (95% PI: 0.97, 1.03) (Mainly primary)

A Cluster 3:1:02 (95% PI: 1:00; 1:04) (SO4, NO3, NPM1!

Table 3: Summary of cluster profiles (on original scale): distribution means (95% P1) for char-
acteristics of clusters from the representative clustering.

Particle compounds  cluster 1 {1156 days) cluster 2 (63 days) cluster 3 (242 days)

PNC ['-n.,/c-mgfl'[]ﬂ[l] 20.08 (19.54, 20.67) 27.01 (23.63, 30.42) 24.56 (22.58, 26.51)

Chloride { ng/m2) I SRS P e ML W eTaN! 090 {062, 1.21)
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PMg s (pg/m3) 15.65 (15.12, l?,-m'] 28.45 (19.10, 35.12)  32.09 (26.84, 35.82)
Coarse ['y,g,/m.g'] T.07 (T.32, T.88) SRT [7.23, 10.57) [0.36 (R.82, 12.00)
PPMio [ﬁgﬁmg] 3.95 (3.82, 4.22) T.61 (5.95, 9.70) T.10 (5,79, 8.06)
NPPMi1o ['p:gf-m?"] 10.27 (9.97, l(J,?R'] [1.93 (7.68, 15.86) [7.32 (15.21, 19.16)
NPPMy 5 [';tgfmg'] 4.56 (4.34, 5.01) [2.04 (541, 18.76) 10.90 {8.74, 1: )
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Health impact of changing PM concentrations

A Many policy leverbawe been applied to decrease PM
concentrations.

A Decreases isecondary precursers ¢glarge combustion)

A Particlenumber concentrations (decreased by ~40% at
London background withltra low S dieselJones et al
2012).

A Euro classes exhaust programme

A Urban primary emissions (vehicle exhausts standards, LE-
[ 2y R2Y al é2NXa LIt AOASaA Si

¢CKSaS R2y QiU FTFFSOG 2yS LIt f dz
measured PM mixture.
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Health impact of changing PM concentrations

2002-2005 2012
Percentiles Percentiles
Air particles "G Range 25th 50th 75th ‘ Wl Range 25th 50th 75th
PNC {n/cmg/lO(}O] 21.19 5.39-52.44 14.63 19.97 2591 12,12 5.34-25.02 9.16 11.49 14.57
Cl— {pg/mg] 1.31 0.01-9.06 0.25 0.88 1.98 1.37 0.20-6.40 0.50 1.10 1.80
NOgz {,u,g/mS_] 3.77 0.03-30.89 1.35 2.44 4.47 3.33 0.10-34.40 0.70 1.60 4.00
S()i_ {;Lg/ms_] 2.93 0.23-20.63 1.51 2.25 3.89 1.67 0.20-13.50 0.80 1.30 2.10
BS {,u,g/mg_] 6.23 1.40-31.33 4.00 5.40 7.60 5.88 1.11-27.78 3.33 4.44 7.41
PMio ( ,u,g/m?’_] 26.63 5.00-119.00 17.00 23.00 32.00 17.70 4.00-76.00 11.00 14.00 20.75
PMa 5 {,u,g/mS_] 18.85 1.00-104.00 11.00 15.00 22.00 11.31 2.00-61.00 6.00 8.00 13.00
Coarse {,ug/ms_] 7.89 0-33.00 5.00 7.00 10.00 6.60 0-31.00 4.00 6.00 8.00
PP Mo {,ug/m?’_] 4.63 0.80-39.10 2.50 3.70 5.60 4.11 1.00-14.40 2.30 3.20 5.30
NPPMig {,u,g/m?’] 11.50 0-61.00 7.00 9.90 14.20 9.49 1.17-29.61 6.12 8.416 11.88
NPPMa 5 {,u,g/’m?’) 5.75 0-32.60 2.40 4.20 7.40 3.42 0-17.54 1.35 2.63 4.33
NI coarse {pg/m‘?) 5.99 0-42.20 4.00 5.60 7.40 6.40 0.24-13.47 4.69 6.21 8.00
\/ U/
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Health impact of changing PM concentrations

A Can be used predicatively:

A Used 20022004 as a training
set to predict 2005
respiratory mortality

A Predicted 2005 according to
the PM that prevailed in
2012.

predicted

A Decrease of 3.5% (95% PI:
0.12%-5.74%) in resp.
mortality; around 270
people as an annual total.
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North Kensingtorg time to change our view?

Unidentified
-7.9%

“ POAM
1.7%

B Mineral
2.5%

M Brake Wear © USOAM
2.1% 6.9%
Ca
2.9% B RSOAM
/ 16.4%
M
0.2% _
.. B CL
3.5%
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North Kensingtorg time to change our view?

-using measurements from NERIearfLoand Traffic

4%

= Winter primary PM
days

m Low PM (mainly
summer)

0% m Sea salt
49%
m Secondary PM (spring
and autumn)

= Moderate primary PM
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Conclusion - new opportunities

A We need new health studies to find the smoking gun in the PM mix but this requires new
statistical approaches.

A A mixture approach is a paradigm shift better reflecting the realities of pollution exposure.

A So far looking at mixtures of PM and health effects suggests that spring secondary
episodes (based on 2000 to 2005) present greatest risk for respiratory deaths - 2%. See
also Smith et al (2015).

A Changes in a multitude of PM sources 2005 i 2012 is estimated to have decreased
Londonbés reparatory deaths by 3.5% (~270 peop

A Note: this result was peer reviewed but is 15t time this approach has been used and we
need consensus before that figure can be confirmed.

A Controlling secondary PM Y decrease in NOX (tra
(traffic and industry again) with cities acting together across a region and NH4 (farming!).

A New detailed composition measurements in London will allow new opportunities so we can
better answer questions like how will combating NO2 help PM2.5 health effects?

Cven\tré fdr Environment & Health
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