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Overview

= What is air quality about?

= Why measure (nano)particles in air?

= How is it done?

= What does this tell us?

= How do we know we can trust the results?
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Leslie Stuart Theobald (1898-1979)

= “ _.everyone was in awe of Theobald...on Fridays he made the students polish
their benches.”

= “_.as having been kind to his demonstrators, and taking them to watch
Wimbledon tennis matches, and to dinner afterwards in Kensington...”

» “Theobald was remembered...as strict and rigorous...duplicates has to agree to 1
part in 500 for volumetric analysis and 1 part in 1000 for gravimetric analysis.”

= “ _.uncompromising in the quest for accuracy. Before one could start...one had
to calibrate the balance weights, the burette, the pipettes and calibrated
flasks. These results would be checked against results obtained by previous
students almost back to the dawn of time.”

Chemistry Department At Imperial College London, The: A History, 1845-2000
www.rsc.org/images/LS-Theobald_tcm18-212168.pdf
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1940s-1950s 1960s-1980s 1980s-2000s Across this period in time:

Sulphur Carbon Nitrogen
dioxide monoxide dioxide

Lead Particulates

Ozone

Ll
T
éoimin
L

Sibi

Fefhh e

Lead in fuel restricted 1998

Clean Air Act 1956

Current focus on ) Greatest health effects &

particles and NO, UK fails to meet EC limits

www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution



LAEI 2008: PM10 Exceedence Days - 2015 GREATERLONDONAUTHORITY

= |n urban
areas traffic
emissions are
clearly seen

= |ndustry
nowadays not
located in
urban centres
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Pollution breached EU limits at nearly pgiytion is killing millions of people a

50 sites in London last year year and the world is reaching 'crisis
Worst area for pollution in London revealed to be Brixton Road in Lambeth pO"'ltl experts warn
L L Deputy Political Editor | Friday 5 January 2018 1137 The Government must act immediately to stop millions of people dying, say researchers
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Delhi has much to worry about

» Delhi’s air quality improved
from an AQI of 389 on
Saturday to 329 on Sunday

» Air quality remains in the
“very poor” category but
has come out of the “severe”

category recorded on Friday — LT DEH"H BR&ATHE

a day after Diwali

Tollson polluted roads and ALL petrol

and diesel vehicles banned from 2040 Ban fl'OlTl 2040 Air Pollution

on diesel and
WAR 0 causes cancer, iy |

DEUOI car Sales f HO » Arise in tem;l).erature_and wm(: spzed_cog\ld be the rﬁason. say
coniirms W experts. Air quality may improve further in the next 24 hours
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DlRTY — T T e il T Ty Oct 19 (Thursday) “¥ Very Poor
X * * et | S, paiouacts S n Oct 18 (Wednesday) Very Poor
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EU urban population exposed to harmful levels
of air pollution (2010-2012)

EU Limits/TargetValues = WHO Gu Idelines

vus iR4AAMAAE w0 448444484+ EU Limit values for many

pollutant gases & also PM,

PM,, (| ﬁuﬁuﬁuﬁuﬁuﬁuﬁ\*ﬁuﬁ\ 61-83 % *ﬁ“ﬁ“ﬁ“ﬁ“ﬁ“ﬁ"ﬁ“ﬁ‘ﬁ“ﬁ‘ and PM 10

e Target values for the
wiss MAAMMARRARE oo« RARRRRRAED maximum composition of
certain PM components

o ue pbRRARRRRR o A44A44A84%  © Metals (Pb, Ni, As, Cd), PAHs
(BaP)
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National air quality objectives and European Directive limit and target values for the protection of human health

Applies Objective Concentration | Date to be European Obligations Date to be
measured as | achieved by (and achieved (by and
b maintained maintained
thereafter) thereafter)
UK 50 pg/m3 not to be 24 hour mean 31 December 2004 | 50 pg/m? not to be 1 January 2005
exceeded more than 35 exceeded more than 35
times a year times a year
UK 40 pg/m?® annual mean 31 December 2004 | 40 pg/m? 1 January 2005

Particles (PMio) Indicative 2010 objectives for PM1o (from the 2000 strategy and Addendum) have been replaced by an exposure reduction approach
for PMzs (except in Scotland — see below)

Scotland 50 pg/m? not to be 24 hour mean 31 December 2010 | 50 pg/m? not to be 1 January 2005
exceeded more than 7 exceeded more than 35
times a year times a year
Scotland 18 pg/m? annual mean 31 December 2010 | 40 pg/m? 1 January 2005
UK (except 25 pg/m? 2020 Target value - 25 pg/m?3 2010
Scotland)
Particles (PMz.) Scotland 10 8 31D ber 2020 | Limit value - 25 pg/m?* 1J 2015
Exposure cotlan pg/m arsusl mean ecember imit value - 25 yg/m anuary
Reduction UK urban Target of 15% reduction Between 2010 and | Target of 20% reduction ~ Between 2010 and
areas in concentrations at urban 2020 in concentrations at urban = 2020
background background.

= Legislative particle metrics are all mass-based!

uk-air.defra.gov.uk/assets/documents/Air_Quality _Objectives_Update.pdf



PM,, and PM, . sampled onto filters

Collecting particles

= Particles that are <10 um or <2.5 um in diameter
= Collected PM either weighed or chemically analysed
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Scanning Electron Microscope Image of PM,,

Salt Crystals

Minerals

Metals

Soot
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What’s in Particulate Matter? " PM,g.25
@ ron rich dust
@ Calcium sulphate
€ PM 25 3% @ Sodium chloride
Combustion partiéles. organic | Sodiumnitrate
HUMAN HAIR compounds, metals, etc. aA lum sulphate
50-70pum < 2.5um (microns)in diameter
(microns) in diameter 13% @ Organic compounds
@ Bemental carbon
0 Bound w ater
© PM1g
Dust, pollen, mold, etc.
<10 um (microns) in diameter 10% 9% -
PM2.5
@ ron rich dust
15% | @ Calcium sulphate
@ Sodium chloride
. o @ Sodium nitrate
90 um (microns) in diameter ;
FINE BEACH SAND 8 Anmonlum sulphate

® Organic compounds
® Bemental carbon
0 Bound water

WWW.epa.gov AQEG, 2005




In the womb Baby/toddler Child Older person

Outdoor pollution: vehicle exhaust, industrial emissions Indoor pollution: tobacco smoke, household fumes*

' Harms from ‘ Harms from ' Harms from n Harms from ﬂ Harms from
® high pollution b high pollution 4 high pollution ! high pollution ! high pollution
o Smaller head
@ Lower birth weight
at term

Developmental Slower development

problems of lung function

More wheezing m
Start of
M h
ore coughs @ atherosclerosis

Accelerated decline
in lung function

Accelerated decline
in lung function

Asthma

Asthma Asthma

Type 2 diabetes Type 2 diabetes

57 "
%lgﬂ Poor cognition

Heart attacks

Heart attacks, heart

Start of lung cancer failure and strokes

BOG0OB

0
4
o
"

Lung cancer

L

*Includes exhaust gases from cooking, heating and burning solid fuels, use of household cleaners and other chemicals, VOCs, etc

Costs of air pollution

The annual mortality burden in the UK from exposure to outdoor air pollution is equivalent to around
40,000 deaths. To this can be added further impacts from exposure to indoor air pollutants such as
radon and second-hand smoke.

www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution



EB O signin News Sport Weather iPlayer TV  Radic WWW.bbc_co_uk/news/science_

NEWS

environment-39129270

Home UK  World Business Politics Tech  Science  Health  Family & Education

PM, - and NO,

Science & Environment

Reality Check: Does pollution cut short

40:000 lives a year? Reality Check verdict: The 40,000 figure for the UK stems from extensive
research over decades in the US. It's a statistical construct not a count of actual
deaths. There is no question that air pollution, caused by many factors, is a serious

health problem but it's difficult to assess its precise impact.

@® 6 March 2017

But the authors of this report stressed the uncertainty of their findings. In particular,
COMEAP said when it used the 6% figure that it was 75% confident the actual
figure was between 1% and 12%. That translates as meaning that that the number
of early deaths, for which 29,000 was the central estimate, was probably between
5,000 and 60,000, but ther#f was a one in four chance that it was even outside that

range.

It is not possible to count the number of people who have died early as a

|:>|\/|2.5 only result of pollution because nobody has air pollution written as the cause of

death on their death certificates.




First author, year
Faustini, 2011
Cakmak, 2011
Goldberg, 2000
Katsouyanni, 2009
Wichmann, 2000
Biggeri, 2005
Samoli, 2008
Franklin, 2007
Forastiere, 2008
Samoli, 2011

O Meill, 2008

Aga, 2003

Zeka, 2006

Wong, 2010

Yang, 2012
Revich, 2070
Chen, 2010

O Meill, 2008
Samoli, 2008
Samoli, 2008

O Meill, 2008
Qian, 2010
Katsouyanni, 2009
Garrett, 2011
Katsouyanni, 2009
Ma, 2011
Balakrishnan, 2011
Kan, 2008

Son, 2012
Balakrishnan, 2011
Overall

M

I I | |
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Increase (%) in risk of death per 10 pg/m? PM.

Fig 16. Meta-analysis of the association with age of increased risk of death from exposure to PM,,. Solid
squares represent results from younger populations; open squares represent those for older populations.

The effects of air pollution
are challenging to quantify

Because of all the other
confounding variables

Because of the difficultly of
measuring air quality
accurately — in particular
personal exposure

Defining increased risk of
death

We need better data
(lower uncertainties) or
better metrics

www.rcplondon.ac.uk/projects/outputs/every-

breath-we-take-lifelong-impact-air-pollution



Are there better metrics we can use?
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g Nasal, pharylgngeal, laryngeal
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2 06 .
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Nasal airway % 0.4 .
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Health Perspect. 2005, 113:823—-839.



Better, more effective metrics?

= Particle number concentration may
be a better metric for health
impacts

= More measurements required to
know whether this is the case

= Not as simple or as well
standardised as particle mass
measurement

= Not a current requirement of air
quality legislation

Cardiovascular Mortality (lag 1)

(Graph shows % change between 25%ile
and 75%ile concentration and 95% Cl)

W

R.W. Atkinson, G.W. Fuller, H.R. Anderson,
R.M. Harrison, B. Armstrong, Epidemiology,
21, 501-511 (2010)



UK Particle Number and Size measurements

= Non-regulatory research network
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Sample Particle-free
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Differential Mobility Analyser calibrated using primary current standards



Calibration of a CPC with an electrometer

Ensures instruments Selects narrow Paths equal : ; I
sample ambient pressure mobility and short
. distribution :
—>| Overflow : :
Aerosol _ Y . : Reference
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Why are these outputs useful

= This data supports evidence-based policy development, policy assessment, health
studies and environmental research

= \We are able to draw these conclusions because we have confidence in the data
produced

= We have confidence in the data produced because we have an appropriate system of
checks and controls in place to ensure the quality of the results

= We ensure the quality of results because we apply a rigorous metrological approach

What is metrology?

Metrology is the science of measurement,
embracing both experimental and theoretical determinations
at any level of uncertainty
in any field of science and technology.

www.bipm.org/en/worldwide-metrology/



Traceabijjty,
he three big

2.41 (6.10)
metrological traceability

property of a measurement result whereby the

result can be related to a reference through a 2.1 (2.1)
documented unbroken chain of calibrations, each - '
contributing to the measurement uncertainty measurement

process of experimentally obtaining one or more

2.26 (3.9) quantity values that can reasonably be attributed

to a quantity
measurement uncertainty

uncertainty of measurement
uncertainty NOTE 1 Measurement does not apply to nominal

. . : properties.
non-negative parameter characterizing the disper-
sion of the quantity values being attributed to a NOTE 2

_ _ Measurement  implies  comparison  of
measurand, based on the information used

quantities and includes counting of entities.

JCGM 200:2008 International vocabulary of metrology — Basic and general concepts and associated terms (VIM)
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The outputs of
metrology?
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Good Practice Guide No. 17

Counting (nano)particles

The Beginner’s Guide to
Uncertainty of ieasurement

What is not a measuremenis

= Counting is a recognised measurement! 12

. L] L] L] L] L)
The un It for cou ntl ng q Ua ntltles IS Onel There are some processes might seem to be measurements, but are not. For example,
(17 comparing two piece string to see which 1s longer 1s not really a measurement. Counting 1s
symbol ‘1 paring (o p ; oh 1s longe ) :
as a measurement. Often, a test 1s not a measurement: tests normally lead to

not normally yig®

nswer or a ‘pass/fail’ result. (However, measurements may be part of the process

= There is only one unit for counting but an
almost limitless number of quantities

Mg up to a test result.)

®= This means we need a very clear description of the measurand when expressing results
= We should also resist the temptation to mix the quantities and units

\/ » In the air sampled the number concentration of particles with an aerodynamic
diameter of between 10 nm and 1 um was, C = (1.00 + 0.05) x 10° 1/m?3

» C=(1.00+ 0.05) x 10° particles g ,m_1 m)y/M’




Operationally defined measurands

3.7
operationally defined measurand

measurand that is defined by reference to a documented and widely accepted measurement procedure
to which only results obtained by the same procedure can be compared

1ISO 17034:2006

Note 1 to entry: Examples include crude fibre in foods, impact toughness, enzyme activities and extractable lead
in soils.

" |tisimportant to be very clear about what is being measured
» Particles of a given size range, how is the size defined, of what composition?
" And to agree on the method being used to make the measurement (if this matters)

" To some extent all measurands are method defined — just a question of whether
within-laboratory variability or between-laboratory variability dominates

= CEN/TS 16976:2016: Ambient air. Determination of the particle number
concentration of atmospheric aerosol



An example — Particle size distribution

Diameters:

1,2 &3
units

X,=D[1,0] =

_ . M1+4+9
X = D[2,0] =\ /T -216
1+8+27
X_=D[3,0] =A /—3 =229

X,.= DI2,1] =

X, = DI31] =

X_=DI32] =

X, = DI43] =

1+2+3
= 2.00
3 £.UU

1+4+9 _933
1+2+3 —
1+8+27 _
1+2+3_&ﬁ

1+8+27 _
1+4+9 23]

1+16+81_
1+8+27—212

Electron microscopy

Image analysis

Electrozone sensing

* Crucial to define the
measurand & method

« This may depend on the
application

Surface area moment mean

Laser diffraction




Ensuring measurement quality

BS EN ISO/IEC 17025:2017
Incorporating corrigendum March 2018

Measurements should be fit for purpose
2. Use properly validated methods and equipment

BSI Standards Publlcatlon

Staff should be suitably qualified to perform the
m e a S u re m e n tS General requirements for the competence

of testing and calibration laboratories

Regular independent assessment of performance

5. Well defined quality control & quality assurance
procedures

6. Measurements should be stable over time and
comparable across location

bsi.



Ensuring Quality: Comparisons /
P rOfiCie ncy Te Sti ng IMEP- 12: Trace elements in Water

Certified value :42.27-10° £ 0.85:10°mol'L" [U=k-u. (k=2)]

= An excellent way of demonstrating on- .| —
going competence N
= Comparison of methods and “E:_"""J_'jmh el i g
measurands S | Il
" |[mproving performance __ l‘-* vvvvv

Deviation from the certified value in %

= Determining method precision and
accuracy
= Comparing operator capabilities

Results from all participants
including “Trueness % of parametric value” from water directive 98/83/EC

= |nstilling confidence in staff, management and customers

= Satisfying regulators and accreditation bodies



Comparisons at the National Metrology Institute level
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e Special property of Sl units
e Allows use across disciplines

CO h e re nt without scaling

e Requires full measurement
understanding

e Allows comparison across
locations

CO m pa ra b I e e Requires agreement on

methods & measurands
e Requires external comparison

e Essential property of
measurement locally

Allows comparison over time

e Requires validated methods &
ongoing QA/QC

Stable
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AMC Technical Briefs brings reliable and up-to-date technical information about
aspects of analytical science to members of the Analytical Division and the wider
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