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Air Quality, NO, and O; measurements
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NO, and O, at BIPM

A Dynamic gas standard R
gravimetry
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NO + O; > NO, + O, ozone photometers
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UV photometry

NO analyzers under repeatability conditions
Ozone cross-section measurement by gas phase titration
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Ozone SRP, from US to the world

l Surface ozone data traceability
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NIST acting as Central Calibration olem i

Laboratory for WMO/GAW |::> o= : .

Tropospheric Ozone Changes Workshop , NOAA , October 14-16, 2009
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International Bureau of Weights and Measures BIPM has published in the International database new calibration capabilities (CMC)
in the field of chemistry (gas analysis)

-
| 8 July 14, 2016
= r t e : ) : ; . I - . ) .
1 g E International Bureau of Weights and Measures (BIPM) published in International database new calibration capabilities (CMC) in the field of chemistry (gas analysis) of the
II| l‘i 4 - e ] Directorate of Measures and Precious Metals (DMDM), Group for metrology in chemistry. Capabilities of calibration in the field of chemistry (gas analysis) for
e gy 1 ~ . < = measurement of the concentration of ozone in the atmosphere by applying new national standard - the standard photometer for ozone SRP 54 can be found at:
B — - 1 | { =
~ SRP34 installed at DMDM Wt ctipm o/ sppendexC/QM/RS/ QM 5.4t

- (Serbia) in 201
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Operating principal of the NIST Standard Reference Photometer

Ozone, at ambient level... absorbs UV light at 253.64 nm
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BIPM-NIST program to maintain the comparability of the

worldwide network of ozone reference standards

Slope
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Uncertainty budget revised in 2006

Light path cell inside the gas cell

Optical path # cell length

Measurement range [0-1000] nmol mol*

: . lamp | cell: Le=90 ¢cm .
Typical standard uncertainty 1.12% o — ——

Optical path L, > L¢

Dominated by ozone absorption cross-section

«(0,) = — 1 T Bl
a(A=254nm)L Ty P,

Absorption cross-section

Fundamental property of the molecule

Measured separately on known amount fractions
Measured by ~ 15 groups

www.bipm.org Conventional value to be adopted




2007: launch of International Comparison BIPM.QM.K1

http://kcdb.bipm.org/appendixB/

BIPM

Bureau International des Poids et Mesures

_ Key and supplamantary comparisons

Home = Cormpatisons Search = Results of the search = Information

» Information
e pilot / Contact
* Participants

- Results

- Print out

* KCDB Statistics

* KCDB FAgs
* CIPM MRA

* JCRE
* Find rmy HMI
* Metralogia

—

Metrology area, branch
Description

Time of measurement
Status

Reference(s}

Measurand

s}

Comparison type
Consultative Committee
conducted by

BIPM.OM-K1

Armount of Substance, Gases
Ozone at ambient level

2007 -

©ngoing, approved for equivalence, Results svailable
see BIPM.QM-K1 Participants list

Arnount fraction of ozone, in nmol/mol

Measurements mads at the BIPM by comparison with the BIFM
Refersnce Photornster SRE2Z7

Key comparison

CCQM (Consultative Committes for Amount of Substance)
BIPM (Bureau International des Poids st Mesures)

Further information on key comparisan BIPM.GM-K1 may be
found by clicking here.

The comparison is organized according to cycles: the second
cycle started in March 2009 and will last until end 2012,

On-going = series of bilateral comparisons between
BIPM and participants, directly or using transfer

standards

www.bipm.org

Degrees of equivalence at 420 nmol/mol of

ozone in air:
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Ozone in air 420 nmol/mol
Degrees of equivalence D; and U; in noml/mol

—

INRIM (Sep-07)

NPLI (Feb-09)

CENICA (Oct-10)

VSL (Dec-10)

EAA (Sep-11)

FMI (Feb-12)

KRISS (Mar-12)

UBA (Mar-12)

LNE (May-12)

EMPA (Jun-12)

NMISA (Jul-12)

NIST (1) (Feb-13)

MIST (2) (Feb-13)
NMC, A*STAR (May-13)

NPL (May-13)

METAS (Jul-13)

CHMI (Sep-13)

JRC (Oct-13)

VNIIM (1) (Jun-14)

VNIIM (2) (Jun-14)

NIM (Jul-14)

ISCIII (1) (Dec-14)

ISCIII (2) (Dec-14)

DMDM (Jul-15)



http://kcdb.bipm.org/appendixB/KCDB_ApB_info.asp?cmp_idy=733&cmp_cod=BIPM.QM-K1&page=1&search=2&cmp_cod_search=bipm.qm-k1&met_idy=&bra_idy=&epo_idy=&cmt_idy=&ett_idy_org=&lab_idy=

Improved comparability and traceability

2002-2013: improved comparability between

institutes taking part in BIPM comparisons
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Laboratory Performance in Ozone Comparisons (2002-2013)

GAW Report No. 209

2013: BIPM.QM-K1 comparison
recognised as the way to

demonstrate metrological
Euramet + Only NMIs and Dls ofa .
comparison traceability in surface ozone
. -BF All partici
e - ccam-p28 participants measurements for WMO
“~a
¢ \ an——
N\ eference Instrument (BIPM-
BIPM.QM-K1
N \, cycle 1 BIPM.QM-K1 ~=  SRP27)
"-l cycle 2 I'/
T i - T WMO7FGAW—" .
relative uncertainty of primary standard World Reglonal
National Calibration networks
. . : iﬂb standard Cent calibration
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Year _ | (EMPA) |
o
Local . WMO/GAW Regional
stations = stations }E_L.e? statlolnos
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Measuring Ozone Cross-Sections at the BIPM

+ IT53 Inn and Tanaka 1953
L 2 H 61 Hearn 1961
| . DR 64 | DeMore and Raper 1964
+ G68 Griggs 1968
—— MHM 85 Mauerbserger et al. 1985
R, S MM 86 Molina and Molina 1986
. MBHM 86 Mauerbserger et al. 1986
—— MHBM 87 Mauerbserger et al. 1987
. A YFEP 88 Yoshino et al. 1988
+ | MBD 89 Malicet et al. 1989
—— YPF 92 Yoshino et al. 1992
] DBCM 92 Daumont et al. 1992
L 3 | BREMEN 14 Gorshelev et al. 2014
A laser ozone photometer measuring at e BIPM 15 Viallon et al. 2015
244,nm, 248 nm, 257 nm 5
GPT-NO
e BIPM 16 . GPT
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o1 (107 cm® molecule™)

Values of the ozone absorption cross-section
at 253.65 nm reported in the literature

Setup for (absolute) cross-section
measurements on pure ozone at low pressure

Viallon, J., Lee, S., Moussay, P., Tworek, K., Petersen, M., and Wielgosz, R. I.
Accurate measurements of ozone absorption cross-sections in the Hartley band,
Atmos. Meas. Tech., 8, 1245-1257, doi:10.5194/amt-8-1245-2015, 2015.

PureMiquid ozone at
T=73K




Impact of Ozone Cross Sections on Monitoring Programs

3 'y GAW Scientific Advisory Group on

S s o 21 Lead to actions for improved air quality*
i 9 B for the World’s Population

Absorption Cross Section of Ozone 2018 |mplementation
committee — recommend new

Sofen, E. D., Evans, M. J., and Lewis, A. C.: Updated ozone absorption cross section

Values for stiagosphertc S f:,ig:,;:ﬁ;"ed will reduce air quality compliance, Atmos. Chem. Phys. Discuss., 15, 19537-19551,
Stakeholder value and doi:10.5194/acpd-15-19537-2015, 2015.
consultation uncertainty North America Europe
Published OXS-TG 2017 e T RS B TR W L Ry
value and 2016 a3 z

uncertainty .

Environmental Protection Agencies
Via NMis and Dis?

Cl.asaslce| 2015 '

c i}.’?#ﬁ Al@® .

a q W -

M \ G | Establish GAWG-OXS-TG ﬁ ?fgx?é'&' Monitoring Networks
= hRmore AQUILA meeting, etc...

BIPM 03 X-SeCtIOH I@ IS0 13964 (Ozone by UV photometry)

Se=lEs | Next revision 2015
measurements - .
m ean th a_t 93 — Ozone photometers manufacturers

values are 1.8%

higher than *20 % increase in the number of sites

historical |V that are out of compliance with current
reported US, Canadian, and European ozone -+« Newly noncompliant under Viallon et al. [2015] only
_L_ air quality health standards for the Noncompliance under Hearn [1961] and Viallon et al. [2015]
www.bipm.org year 2012 . - . Other sites (compliant/missing data)




® Nitrogen dioxide

Bureau
‘ International des

1 Poids et
4 Mesures

13


http://upload.wikimedia.org/wikipedia/commons/1/1a/Nitrogen-dioxide-3D-vdW.png

Gas Standards for long term monitoring of nitrogen oxides

{Hohenpeissenberg, Germany, 8-9 October 2003)

WMO/TD - No. 1670

http://www.wmo.int/pages/prog/

arep/gaw/documents/Final GAW 1
95 TD No 1570 web.pdf

www.bipm.org

WMO/GAW Expert Workshop on Global
Long-term Measurements of Nitrogen Oxides and
Recommendations for GAW Nitrogen Oxides Network

NPL is WMO/GAW Central Calibration Laboratory for NO

Table 2 - Data Quality Objectives (DQOs) for NO and NOz under differing conditions

Level

1 (basic)

2 (enhanced)

3 (high)

Site characteristics

Continental basic

Continental background

Pristine, marine
background, free
troposphere

Mean mixing ratio NOx

> 1 ppb

0.1—1ppb

< 0.1 ppb

Scope
(corresponding

time resolution)

long term monitoring, trends (1 hour)

source-receptor-relationship, transport processes (hour-minute)

photochemical process studies (minute)

Detection Limit NO: 50 ppt NO: 10 ppt NO: 1 ppt
{1 hour, 3-a) NO-:100 ppt NO-:20 ppt NO2:5 ppt
uncertainty NO: 40 ppt or 3% NO: 8 ppt or 3% NO: 1 ppt or 3%
(1 hour, 2-g)! NO,:80 ppt or 5% NO2:15 ppt or 5% NO2:3 ppt or 5%
uncertainty NO: 2.5% NO: 2.5% NO: 1 ppt or 2.5%
(1 month, 2-g)? NO2: 3% NO2: 3% NO2:3 ppt or 3%
data coverage 66%
suggested method CLD /PLC CLD/PLC CLD /PLC
alternative method CRDS, LIF ; DOAS ; CRDS, LIF ; TDLAS LIF

(backup or QC reasons)

TDLAS

14



http://www.wmo.int/pages/prog/arep/gaw/documents/Final_GAW_195_TD_No_1570_web.pdf
http://www.wmo.int/pages/prog/arep/gaw/documents/Final_GAW_195_TD_No_1570_web.pdf
http://www.wmo.int/pages/prog/arep/gaw/documents/Final_GAW_195_TD_No_1570_web.pdf
http://www.wmo.int/pages/prog/arep/gaw/documents/Final_GAW_195_TD_No_1570_web.pdf

Nitrogen dioxide measurements

N - I I Chemiluminescence detectors (CLD) Most used, recommended method
T indirect method
NQ, GPT TEE e [ Interferences (HNO,, O; etc.)
NO,
Sampling U Non-dispersive ultraviolet analyzers (NUA)
instrument -> Cavity Attenuated Phase Shift (CAPS) UV absorption
Calibration with Differencial Optical Absorption Spectroscopy (DOAS)

Reference Materials

Fourier Transform Infrared Spectroscopy (FTIR) IR absorption
Tunable Infrared Laser Differential Absorption Spectroscopy (TILDAS)

Synthetic calibration

Open path instrument | Database of spectroscopic parameters

. (HITRAN or PNNL or NIST library)
www.bipm.org 7O NDD, S 15
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Dynamic gas standards to underpin international comparisons

Reference = NO, mole fraction
as generated + measured by
BIPM dynamic system

'# ' Permeation/diffusion tubes as sources
e Regular/constant weighing

e Matrix gas flow control

e Purity analysis

7y

' *3
ﬁ' Jaaa |

d pee
=
——
I:4*<‘
-a

www.bipm.org 16



Magnetic Suspension Balance

Magnetic . -
i - Air buoyancy free basic ; ; .
Suspension 5 1 load compensation Magnetic Suspension Balance:
l_
Balance e Massload20g
Electromagnet e Resolution 2 ug
Permanent Magnet e Stability over 3 days ~ 0.5 pg
Nitrogen Flow Measurement of the mass of the permeation
.~ [50-100] m i _—
il oot 0% tube emitting the analyte
Thermometer

_ Deduction of the permeation rate q,,, / (ng min-t)
Permeation tube

girﬁusmn N = mass loss per unit of time dm
dm = E
Mixing chamber
And the amount of X, = qmVm
substance fraction q,My

www.bipm.org 17



CCQM-K74 International comparison of nitrogen dioxide in
nitrogen standards (2010)

D,/ (umol mol™)

-1
Xnoa ! (NMol mol™)

NO,/N,, nominal amount fraction 10 umol mol*?

Set of 17 transfer standards prepared by VSL

Analysis using FTIR & UV absorption

1.5
1.0—-
051
0.0—-
-0.5—-
-1.0—-

-1.5-
500 -

2504

NPL
NIM

SMU

NMIA

NMISA
CERI

METAS

= wn =
ZEsE28823¢%

HNQO, in cylinders measured by FTIR

Absorbance /Abs

0.20- Key issue : HNO; in
0.18+ cylinders & in dynamic
0.16 mixtures
0.14-
0.12] H'\ios
0.10- NO, HNO,
. H,0 o
0.081 N HO
0.06- ' \
0.04-
N.O
0.02] r‘a
0.00
2000 1800 1600 1400 1200 1000
Wavenumber /cm*

Flores E., Viallon J., Moussay P., Idrees F. and Wielgosz R.I.,2012, Analytical Chemistry
Highly Accurate Nitrogen Dioxide (NO,) in Nitrogen Standards Based on Permeation,

18




CCQM-K74 BIPM typical uncertainties

_ Standard Quantity | Value Standard
Quantity| Value . nrce:\:;\i/ﬁty Uncertainty
4 P x(NO,) 8.86 umol mol*  0.03 umol mol*
Jm 8357.30 ng min 5.00x10
Vm  22.40037 L mol™ 1.52x10°
X vm
g 0.452 L mint 1.00x10° oty |/
M_HNO3

Mno2  46.0055 g mol™ 3.04x10° M_NO2
XHNO3 104.00  nmol mol? 2.02x10"
Munos  63.013 g mol™ 1.86x107
St 0 umol mol?  0.866 nmol/mol

HNO, quantification by FTIR referenced to
molecular parameters (HITRAN)

www.bipm.org 19



Preparing for a repeat comparison CCQM-K74.2018

-

Generation of dynamic mixtures of HNOy in nitrogen by permeation

x / (umol mol)

0.8

0.6

0.4

0.2

Generation of HNO;, bath 80°C

17:00

18:12

19:24

2036

Time

21:48

—NO2 by FTIR
—HNOS3 by FTIR
H20 by CRDS

23:00

qm Vm . Mpo2XN02 _ My20XH20

qv Myno3 Mynos Mynos

XHNO3 =

HNO, permeation [200-500] nmol mol*

www.bipm.org

Permeation rate ~ 30 % H,O
H,O accurate quantification is crucial 20



BIPM and VSL agreed to work together again to coordinate

CCQM-K74.2018

Levels of HNO, in recent standards much
lower than in 2010

2010

2 |

oo /
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0mad, oo by o . A A
I UM rtmhan

024 :

o 2 O 1 6

ootad

E::::wwwp (T J LLU\JL(UJ“L

mmmmmmmmmmm

K74.2010 key results

uﬂ M JI‘ ] wmw%d B

u(KCRV)=0.4 %
Consistency between
participants 3 %

21



Conclusions

Standards for air quality are challenging due to the reactivity of target compounds

Maintenance of dynamic standards is a valuable solution, either based on

spectroscopy or continuous weighing of a source material

The BIPM has been maintaining dynamic generation facilities to underpin international

comparisons to demonstrate NMls comparability

Within the last 15 years, important progress have been made in global comparability

of standards at the national level

www.bipm.org 22
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