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What is ratification?

» Retrospective and final calculation of measurement data set
« Establishes and uses calibration and service history
« Connects each measurement to a traceable calibration

« Ensures traceability of final measurement dataset to
national metrological standards

Presented by King’s College London m.l(cl.aﬂ.ll k
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What is ratification?

Important point:

* QA/QC procedures do not ensure that the measurement
generated by the analyser is the final and most ‘accurate’
measurement.

 |nstead we

— Ensure best possible functioning of the analyser
— Collection of extensive calibration information

Presented by King’s College London m.l(cl.aﬂ.ll k
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Sources of information

Local Air Quality Management Guidance TG03

Minor reference in the AURN LSO manual

Minor reference in CEN Standards

— Eg EN 14211 is 91 pages and only reference to
measurement processing is

— “Measured drift in the analyser’s response that is less than
the action criteria .... shall be corrected for in data
processing and not by physical adjustment of the analyser.”

Presented by King’s College London m.l(cl.aﬂ.ll k
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How is it done?

Ambient measurement = SF(Analyser measurement — Zero)
Where SF = Traceable calibration gas / (Span response — zero)
lllustrated by fictional case study

* Only show work done on the service and calibration history
» Only focus on the span factor

Presented by King’s College London m.l(cl.aﬂ.ll k
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Audit result doesn't match LSO calibrations
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How is it done?

Recalculate all calibrations with new cylinder
conhcentration
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Cylinder changed here
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How is it done?

1.6 1
1.5 1 Is this a local site operator error?
Auto cals?
141 NO2 response during incidents?
Compare other sites?
13 Compare other pollutants?
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Qutlyer removed
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Instrument fault
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Analyser unstable immediately following repair?

Auto cals?
NO2 response during incidents?
Compare other sites?
Compare other pollutants?
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Span factors removed and loss of
measurements tool
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it done?
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Interpolate between span factors

Need to await futher information to continue
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Ratified span factors

Span Factor

Validated span factors
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How is it done?

Simple example and only part of the process...

« Same process with zero measurements
— Changes each span factor

» Exclude non — ambient data
— Review decisions made at validation
— Exclude further measurements
— Restored measurements excluded during validation

« Apply to the measurements
— (do all this at 15 min mean resolution in practice)

www.kcl.ac.uk
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How is it done?

Examination of final data seft to

— NO2 response during incidents?
— Compare other sites?
— Compare other pollutants?

Presented by King’s College London
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How is it done?

200 -
180 1
160 1
140 -
120 1

100 1

80 1
80 1
40 1
20 1

NOX daily mean ppb
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it done?
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How

— Validated
— Raw
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it done?

IS |

How

— Validated
— Ratified
—Raw
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Some more advanced stuff

« NOX, NO and NOZ2
— NOX and NO done separately then look at NO2

« O3
— Only calibrated at audit, service and repair
— Traceablity of ESU photometers?

« PM10
— Little calibration information
— Filter change artefacts eg noise

More complex cylinder problems eg drift and NO oxidation

Presented by King’s College London m.l(cl.aﬂ.ll k
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Some more advanced stuff
When did a fault occur?

Eqg fault found at 6 monthly audit but should we
delete 6 months measurements?

—Can it be determined from calibration
performance?

—TTraced to service / repair?

Presented by King’s College London m.l(cl.aﬂ.ll k
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Some more advanced stuff
Cumulative Sum (CUSUM)

Page (19564) for industrial process control

Other applications include:
—Epidemiology
—Efficacy of treatments
—Change points in air quality measurements
—Barratt et al 2006
—Carslaw et al 2006

Presented by King’s College London m.l(cl.aﬂ.ll k
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Some more advanced stuff -

CUSUM

It
1 -~
O-I
X 18 the observed value at time 7,
X 18 the desired process mean
o, 18 an estimate of the standard deviation of the observed values.

These are accumulated over time to compute the CUSUM., S, at each time point 7
S =8, +z where S;=0

Separate application to positive and negative deviations, with a “slackness’ factor k
Sui=max[0.(zk)+ Swii]

Spimmin[0.(zitk)+ S ]

www.kcl.ac.uk
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Some more advanced stuff
— a knotty problem at Watford

During 2005 PM,, improved the roadside in Watford

—It got so good that the annual mean fell below
nearby background sites!

—No maintenance and service problems

—Sustained perfect audit results

Presented by King’s College London m.l(cl.aﬂ.ll k
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Some more advanced stuff
— a knotty problem at Watford
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Some more advanced stuff
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Some more advanced stuff
— a knotty problem at Watford

CUSUM identified a change at service

Through investigation by new ESU revealed an
accidental entry of 6.196 instead of 3 as the TEOM
offset by previous ESU

—TEOM software was corrected

—Measurements were recalculated to remove the
offset error

Presented by King’s College London m.l(cl.aﬂ.ll k



S

(
College
[LONDON

University of London

¥

m

i

v
-
et
(7p)
o)
)
@)
C
(©
>
o
©
)
S
O
&
)
&
O
)

m
)
X
-
_
©
| .
O
-
=
S
©
&
Qo
O
@)
| .
Q.
>
=
@)
C
'
©
_

i
<
=
S
=
B
n
(5]
y
o
=
5
o
1
-
=
S
S
[
o
I
™
o
&
=
L
o
4
o
<
S
o
=
5
™

2004 to 01

CUSUM chart for WF1 DUST, from 01-jan-

= = Upper and Lower bounds

-we devigtion

— +ve devistion

an

a0

T T T T T T T T
=) =2 =2 = = = = =)
LYp) = o [} — - [}

UESLW J31 WO) USTEIADP SATNEINWND

-E0

— sonzizkaD
— 500271150
- sooziowsn
— S002/60/20
— sonzvenED
— soozriorvo
— sonzvan
L sonzrsneD
[ sonziboreD
— S00Z/E0S0
— 5002/ LV6Z
— b00ziz MoE
— vo0zrLw0E
— pO0ZI0WLE
— PO0ZIE0LE
— po0ziaET
— PO0Z/L0VGT
— PO0ZIAET
W POOZISOOE
— vonzbooe
— pOOTICW L
W POOZIENY L

— FO0Z LV LE

FOOZ L LD




TING'S
College

~ } 1

[LONDON

University of London

Some more advanced stuff
— a knotty problem at Watford — fixed!

Watford (blue) cf Stevenage (red)
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What difference does it make?

Data capture

L weying pue yuwsH
T Moleq

g hauydey

| 158104 LLEULEA),
Padiry moijleay
7 Haomny |

[ C diagwe

[ C¥salog Leyyean
[ ¥ uaig

¢ praug

| UOpuGT Jo AuD
usig

¥ afipugpay

£ MojEunoy

£ Buuarey
UopuoT 153,

F YHOmMSPUEAL

€ YUOmSPUBAS,

£ SJ8|WEH JamD |
7 Sl8|WeH Jamo ]
[ sl8|weH Jamo]
£ Jaouny |
unjfuippa]

i
Hieamyinog
puowllar

puowiyaly

pealsueg pue ajefiay
sfipugpay

afipugpay

afipugpay

afipugpay

€ Aaliea o

 halles ol

py auogajfiepy

¢ WEysmE]

| Weysima

£ yaguie]

| Ylagueq

¥ BAS[aY] pUE SUEY

£ eas|ayd pue suah|

| easjad pue suah|

7 WEYIn] pue Yws,H
€ MOSUATH
7 Ansunaoy
Z uoph

e
=

praug
pralug

e 7 L) (0 D 0 0 5 L
=
c
X
i}

[ | 1oueg
[ | wequabeq g Buppeg
£y

320Ny |

7 eas|alyy pue suay
B Aauyoey

I | 80ejEd [EISAID

e uopAoi

= pEa1SUED pue alefilay

SUILS B,
=

30 1
20 1

50 1
40 1

1
20 -

aimde? ejep abueyn

=30 4

.40

-50 4

-60 -

S
S
3
N
S
~
R

0

s Colle;

sented by King

AY

Pre




University of London

t make?

What difference does

Annual mean NO2
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Summary

« What is ratification?
— Retrospective
— Uses calibration and service history

* How is it done
Fictional case study
A bit of advanced stuff
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