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Common Air Pollutants Monitored

Air pollutants internationally used to assess ambient air
guality include:

- Sulphur Dioxide (SO,)

- Oxides of Nitrogen (NO,)

- Carbon Monoxide (CO)

- Ozone (O,)

- Particulate Matter (PM10 and PM2.5)

Sulphur Dioxide (SO,)

Sources
* Fossil fuel combustion at power plants and industrial boilers

Health Effects

* Impairment of respiratory function and aggravation of
existing respiratory disease

* Narrowing of the airways that can cause difficulty breathing
(Bronchoconstriction)

 Sensitive groups: asthmatics, individuals with chronic
obstructive lung or cardiovascular disease, elderly and
children




Nitrogen Dioxide (NO,)

Properties

* Plays an important role in atmospheric reactions that generate
photochemical oxidants such as Ozone

Sources

* High-temperature combustion processes e.g. vehicles and
power plants

Nitrogen Dioxide (NO,)

Heath Effects

* When inhaled forms acids which irritate and corrode mucous
linings of lungs

* High levels: Temporary increase in airway resistance

* Increased risk of respiratory infection

* Exposure to high levels range from slight irritation, burning and
pain in throat and chest, violent cough and shortness of breath

to pulmonary edema and bronchitis




Carbon Monoxide (CO)

Sources
* By-product of incomplete combustion of fuels by motor

vehicles and industries
» Cigarette smoke, burning of garden refuse etc

Health Effects
Decreases oxygen carrying capacity of blood
Haemoglobin binds to the oxygen molecules more tightly,
making it more difficult for oxygen to be released to the
tissues
Chest pain during exercise
Affects mental function, visual acuity and alertness of healthy

individuals

Ozone (O,)

Sources

* Chemical reaction between Oxides of Nitrogen (NOx) and
Volatile Organic Compounds (VOCSs) in the presence of

sunlight




Ozone (Oy)

Health Effects

e Causes cough, chest pain, eye and throat irritation
* Irritates mucous membranes of the nose, throat and airways
« Aggravation of asthma

* Increased susceptibility to respiratory illnesses such as
pneumonia and bronchitis

Particulate Matter (PM,, and PM, <)

- Complex mixture of extremely small particles and liquid
droplets suspended in the air for long periods of time

- Particles with diameters less than or equal to 10 um are
termed PM10.

- Based on size, PM10 is divided into 2 distinct fractions:
1. Coarse particles between 2.5 and 10 um in diameter

2. Fine patrticles less than or equal to 2.5 pm in diameter




Particulate Matter (PM,, and PM, ;)

L PMys

<2.5 ym in diameter
Human Hair
~70 pm average diameter

T PMy,

<10 pm in diameter

90 ym in diameter
Fine Beach Sand
Image courtesy of EPA, Offite of Research and Development

Particulate Matter (PM,, and PM, <)

Sources

 Coarse particles: earth crustal materials, windblown dust,
fugitive dust from paved and unpaved roads, industries from
crushing and grinding operations, wildfires

* Fine particles: industrial and residential combustion activities,
vehicle exhaust




Particulate Matter (PM,, and PM, ;)

Local or long—
" distance transport

L e
*a® =

Chemical/physical
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indirect gas exchange
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Particulate Matter (PM,, and PM, ;)

Health Effects

- Include premature death, increased hospital admissions and
emergency room visits, increased respiratory symptoms and
disease, decreased lung function, alterations in lung tissure
and respiratory tract defence mechanism

- Sensitive groups: Elderly, children and individuals with
cardiopulmonary diseases like asthma




Objectives

To monitor trends in air quality to enable the government
to make policy decisions to prevent air any pollution
episodes

Methods of Measurement

YV 9

Reference Methods by US EPA




Singapore’s Air Quality Monitoring Network

Telemetric Air Quality Monitoring and Management System
(TAQMMS) consists of

- Remote air monitoring stations
- Central Control System (CCS)

- Linked via public telephone network and wireless modems

Air Monitoring Station




Air Monitoring Station

Central Control System (CCS)

« Comprises two servers (one main and one backup)
and personal computers which are linked to the
servers via internet

« Calls up station at regular intervals for an immediate

update of air quality data collected at the stations

» Customised web-based application software

* Reports and graphs




Location of Air Monitoring Stations
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Singapore Ambient Air Quality Targets

Pollutant Singapore Targets by 2020 Long Term Targets

24-hour mean: 20 pg/m?
(WHO Final)

24-hour mean: 50 pg/ms3
o (WHO Interim Target)
Sulphur Dioxide (SO,)
Annual mean: 15 pg/m3

(Sustainable Singapore Blueprint target)

Annual mean: 12 pg/m? Annual mean: 10 pg/m?3

24-hour mean: 25 pg/m?
(WHO Final)

Particulate Matter (PM, ;) 24-hour mean: 37.5 ug/m3

(WHO Interim Target)

Annual mean: 20 pg/m3
Particulate Matter (PM,,) 24-hour mean: 50 pg/m?3

(WHO Final)

8-hour mean: 100ug/m?3
(WHO Final)

Annual mean: 40pg/m?3
Nitrogen Dioxide (NO,) 1-hour mean: 200ug/m?3

(WHO Final)

8-hour mean: 10mg/ms3
Carbon Monoxide (CO) 1-hour mean: 30mg/m?3

(WHO Final)




Pollutant Standards Index (PSI)

« Developed by US EPA

« Since 1991

« A public information tool

« General health effects associated with different pollution levels
« Precautions to take when air pollution levels rise into the

unhealthy or worse range

Pollutant Standards Index (PSI)

Computation of PSI

« Based on concentrations of 5 air pollutants (SO,, CO, NO,,

PM,, and Ozone) measured over a 24-hour period

» Average concentration of each pollutant is converted into a sub-
index on a scale of 0 to 500
* The highest sub-index of the 5 pollutants for each region is the

PSI for that region (i.e. North, South, East, West and Central)




Pollutant Standards Index (PSI)

0to 50 Good

51 to 100 Moderate
101 to 200 Unhealthy
201 to 300 Very Unhealthy

Above 300 Hazardous

Reporting of Air Quality Data

 During non-haze period, PSI and PM, . concentrations

are released at 3 times (8am, 12 noon and 4pm) daily.

* PSI and PM, . readings are reported in the media and

updated on NEA website (http://www.nea.qov.sq/psi/)

and myENV mobile application.
* During smoke haze episodes, hourly 3-hour PSI

updates and daily 24-hour PSI are released




3-hr PSI

- Not used in any other country

- Introduced during the 1997 smoke haze episode

- In response to public request to have more current air quality
information

- Only an indicative index

- 24-hr PSl is the actual index for measuring air quality and for
assessing health impact

Health Advisories based on PSI

Index
Value

PSI Descriptor

Health Advisories

Up to 50

No special precautions are needed

51to 100

Moderate

No special precautions are needed

Unhealthy

* Persons with existing heart or respiratory ailments
should reduce physical exertion and outdoor activity.

* The general population should reduce vigorous outdoor
activity.

Very unhealthy

* Elderly and persons with existing heart or lung disease
should stay indoors and reduce physical exertion and
outdoor activity.

* The general population should avoid vigorous outdoor
activity.




Health Advisories based on PSI

Index Value | PSI Descriptor Health Advisories

301 to 400

Above 400

Health Advisories based on PM, .

24-hr PM, s concentration
(ug/m?)
Oto 15

Health Advisory

>15to 40

> 40 to 65

>65to 150




Singapore Air Quality

AIR QUALITY IN TERMS OF PSI
(1993 TO 2012)

9388 9%
83 82 8 & |95 91 B o3 foe 93

61 64

4946 4948

% of Days

35 30

39
] 36
32 30
17 B 18
T 122"
] i s R BB E N

93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12

EGood @ Moderate B Unhealthy

(Air quality was affected by transboundary smoke haze from the land and forest
fires in 1994, 1997 and 2006.)

Our Environment

Safeguard ¢ Nurture * Cherish
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Data Management — Taiwan’s Experience

Collection Transmission Manipulation Applications

Station-1 i
PLC on site i intermediary |
T DB i datastores |

Station-2 > . | dissemination
s s (" Internet 5| staging -

" rve .
i s]:;; (VPN) se_ 4 metadata for analysis and
monitoring data data mining

-
) message | data queries_ and
-Statlon-y queues operations | onitoring || reporting

on site & validation | database r

DB | (QA/QC)

visualization

Programmable Logic Controller

Int'l Envirolnfo Conference, Sep. 2007, Warsaw, Poland
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National R&D Framework
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Biomedical Research Council (BMRCQ)
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A*STAR Research Entities

SERC Industry Clusters BMRC Industry Clusters
« Electronics « Chemicals « Pharmaceuticals * Biotech & Biologics

* Infocomm « Engineering « Medical Eng & Tech« Healthcare Svc & Delivery

Institute of High
Performance Computing
(IHPC) 1998 Singapore

Institute of ! National
Materials Research Bioinformatics Eg?}iﬂtgmj{g Metrology
Institute of & Engineering Institute (BII) (SCSC) 2006 Centre (NMC)
(IMRE) 1996 2001 . . 2008
Molecular . ) ) Singapore Singapore
& Data Storage Institute for Bioprocessing Bioimaginglnstitute for Experimental
Cell Biology Institute (DSI) Infocomm Technology Consortium Clinical Therapeutics
MCB 1992 Research (PR) Institute (BTI) 2003 (SBIC) 200Sciences (SICS)  Centre (ETC
%Igg#ore Institute of 2002 . 2006 en;[)eo(g )
Institute of Micro- Genome Institute for Institute of Singapore . _
Manufacturing electronics [nstitute of Chemical & Bioengineering Stem C.eII Ingapore Institute of
i h : Consortium Immunology Medical
(SIT&CThnﬁl)ol%ysg (IME) 1991 (SG'?sg)ang(;S Engineering o chnol (SSCC) 2006 Network (SIgN)  Biology (IMB)
ec . anotechnology
1 1 1 Saenffggz(ICES) (IBN}2003 2006 2007
1987-1989 1990-1999 200 2001-2002  2003-2004 2005-2006 2007-2008
0
Biopolis Biopolis Fusionopolis
A*STAR has more than 2,300 RSEs (>50% are PhFa)se " thfl)se - PhaseE)I
international talent from some 60 countries) (2003) (2006) (2008)

NMC

National Metrology Centre




SERC Research Institutes

Institute of Institute of High Institute for Infocomm National
Microelectronics (IME) Performance Research (I2R) Metrology Centre
Computing (IHPC) (merger of KRDL, (NMC)
CWC & CSP)

Singapore Institute Data Storage Institute of Institute for
of Manufacturing Institute (DSI) Materials Research Chemical and
Technology (from Magnetic and Engineering Engineering
(SIMTech) Technology Centre) (IMRE) Sciences (ICES)

a National
Metrology Centre

A*STAR

National Metrology Centre

To enhance the quality of measurements in Industry through
providing an international recognised national measurement
infrastructure




National Standards & Conformance Framework

Enhance & Assure Quality of Products and Services
Facilitate Trade
|
| |

STANDARDS AND CONFORMANCE FRAMEWORK

STANDARDS MEASUREMENT CONFORMANCE

* Voluntary Standards * Measurement * Accreditation

Standards :
* Regulatory Standards * Quality Assurance *
+ Calibration

* Legal metrology * Certification *

* Measurement

» Testing & Inspection *

SPRING: National Standards Body & National Accreditation Body
A*STAR: National Metrology Authority
* Provided by private sector

Industry Services

Measurement R&D for . . .
& Calibration Measurement As-r::shsnr:\cear: ts '(I':I;alll?;r;g
Services Solutions




NMC Measurement Capabilities

Electrical
Optical
RF & Radiation
Microwave
Length &
Dimension
Time &
Frequency

S

International System of Units




Metre Convention > Diplomatic treaty

General Conference for Weights and - Government of the
Measures (CGPM) member states

Delegates of the member states; Meet once
every four years.

International Committee for Weights and International
Measures (CIPM) Organisations

\ 4

18 individuals elected by CGPM; Supervision

of BIPM and matters related to the Metre
Convention; Meet annually at BIPM. |
\ 4

Consultative Committees (CCs) |« > NMis

Advise CIPM on matters referred 4
to them; Each is chaired by a
member of CIPM and consists of
representatives from NMls & other
experts.

f International Bureau of Weights and
Measures (BIPM)

Secretariat for the Metre Convention;
Coordinates international comparisons;
Disseminate SlI.

A

Metre Convention

* Adiplomatic treaty
» First signed in Paris by 17 countries on 20 May 1875
* Currently 51 member states + 20 associates

* Member states to promote and propagate the Sl in
commerce, trade, science and engineering

Worldwide unification of measurements

The Salon de I'Horloge in the
French Foreign Ministry in Paris,
where the Metre Convention was
first signed

Letter signed by Prof S.
Jayakumar, Minster for Foreign
Affair, on 14 Oct 1994




International Metrology Organisations

European Association of National Euro-Asian Cooperation of
National Metrological Institutes

Metrology Institutes (EURAMET) .EU R;?.MWET (COOMET)

o

# TP ) e i

(AL WETROUOSGAL IRETITUTICHS

Asia Pacific
Metrology
Programme

Inter-American
intra-Africa Metrology

Metrology System
(SIM) System (AFRIMETS) ‘ _ ps
AFRIMLTS
G
+ APMP has been operating since its inception as a Commonwealth Science Council initiative

in 1977
» Responsible for developing international recognition of the measurement capabilities of the
region's national and territorial measurement laboratories.

Le Systéeme
international d'unités
The International

System
of Units

electric
current

time

length
second (s

etre (m

mass
kilogram (kg)




SI Base Quantities & Units: Definitions

Wavelength of He-Ne laser stabilised against

i 11
el metre m a spectral line of iodine. 21 10
Mass kilogram kg Pt-Ir prototype kilogram No. 83. 6 ug
. Duration of 9 192 631 770 periods of the
Time second S L : 5.4 ns
radiation of caesium-133 atom.
Based on Ohm'’s law via reproduction of the
. volt and the ohm from Josephson array
2 EUC ampere A voltage standard and quantised Hall o S AR
resistance standard, respectively.
Thermodynamic kelvin K The fraction 1/273.1§ of thg thermodynamic 0.28 mK
temperature temperature of the triple point of water.
Amount of Number of elementary entities of a substance 5 nmol/mol
mole mol equal to the number of atoms in 0.012 kg of (carbon
substance .
carbon 12. monoxide)
Luminous Intensity of a light source (frequency 5.40 x
i Bty candela cd 10'* Hz) that gives a radiant intensity of 1/683  0.58%

watts/steradian in a given direction.

Length - the metre, m

The metre is the length of the path travelled by light in vacuum during a time interval

of 1/299 792 458 of a second.

The metre is most commonly realised by means of the wavelength in vacuum of a plane
electromagnetic wave of frequency f; this wavelength is obtained from the measured
frequency f using the relation A = cy/f and the value of the speed of light in vacuum c, =
299 792 458 m/s. The metre is realised at NMC by wavelength of He-Ne laser stabilised
against a spectral line of iodine with an uncertainty of 2 parts in 10", and the optical
frequency synthesiser with an uncertainty of 5 parts in 1073,

Primary realisation of the metre using Optical frequency
iodine-stabilised He-Ne laser with synthesiser
wavelength of 633 nm




Mass - the kilogram, kg

The kilogram is the unit of mass; it is equal to the mass of the international prototype of

the kilogram.

NMC is the custodian of the primary mass standard, Singapore’s prototype kilogram No.
83, directly traceable to the international prototype of the kilogram maintained by the
International Bureau of Weights and Measures (BIPM) in Paris.

Materials 90% Pt -10% Ir
Size @ 39 mm; Ht 39 mm
Mass value 1 kg + 0.340 mg
Mass uncertainty 0.006 mg (k = 2)

Coeff of cubical expansion  (25.869 + 0.00565 t,;) X 10-¢ °C-1
Density at 0 °C 21554.72 kg m3

Density uncertainty (rel) 1X105(k =2)

Singapore’s prototype
kilogram No. 83

Time - the second, s

The second is the duration of 9 192 631 770 periods of the radiation corresponding to the
transition between the two hyperfine levels of the ground state of the caesium 133 atom.

NMC realises the second using weighted average from an ensemble of four caesium and
one hydrogen atomic clocks with an uncertainty of 5.4 ns.

1E-13

1LEFOS 1EHO6 second  LEF07 18

caesium

——TA-TA(SG)
——Maser
—5071A

1E-14

Connections on
Rear Panel

B Ethernet Port
W USB Ports {2«

1
|

\/ /NMC uses dual mixer\

time difference method
Stabilities of different time scales to measure frequency of
precision oscillators with
a relative uncertainty of

AN [
NMC’s atomic clocks are part of the international time network for 5x107, limited by the

ise level and t f
the computation of the international time scale — the Coordinated gzlzsiﬁatssl Endaenr tes);pe °
Universal Time (UTC). \ . j

. LlE-15




Electric Current - the ampere, A

The ampere is that constant current which, if maintained in two straight parallel
conductors of infinite length, of negligible circular cross-section, and placed 1 m apart in

vacuum, would produce between these conductors a force equal to 2 x 107 newton per
metre of length.

The ampere is in practice realised via Ohm's Law from
the volt (unit of electromotive force), and the ohm (unit
of resistance). In NMC, the volt is maintained by a
group of voltage standards traceable to Josephson
array voltage standard which reproduces the volt. The
ohm is maintained by a set of resistance standards

traceable to the quantised Hall resistance standard

Josephson array Voltagelrsference which reproduces the ohm.
voltage primary standards

standard ‘
Voltage (volt)

- = Current (ampere)
Resistance (ohm)

Calibration and Measurement Capabilities

Parameter Range Uncertainty
Voltage (V) 1mV to 1kV 0.1 to 900 VvV

Resistance (R) 0.1 mQto1TQ 0.25to 800 nQ/Q

Quantized Hall Resistance
resistance primary G Current (1) 1pAto 20A 4 to 300 pA/A .
standard standards

Thermodynamic Temperature - the kelvin, K

The kelvin, unit of thermodynamic temperature, is the fraction 1/273.16 of the
thermodynamic temperature of the triple point of water.

NMC realises temperature standards by using primary temperature fixed point standards,
such as triple-point of water with an uncertainty of 0.28 mK.

Triple point of water Fixed points for realisation of Fixed points blackbodies for
ITS-90 from -189.3442 °C to realisation of ITS-90 above

961.78 °C 961.78 °C




Amount of Substance - the mole, mol

The mole is the amount of substance of a system which contains as many elementary

entities as there are atoms in 0.012 kilogram of carbon 12.

NMC realises the mole by gravimetric preparation of gas standards in accordance with
ISO 6142 Standard; ozone (ground level) standard is realised using Standard Reference
Photometer with an uncertainty of 5 nmol/mol.

-

Filling of gas components Weighing of cylinder with Gas‘.s'ta'ndard-;

and matrix in a gas cylinder gas standards
Computation of mole fraction\ Computation of uncertainty \

n

E + |VZ:1 x!,_lq_ AM Bx, )2 N ax, 2 \ N Bx, 32
x, = ()*(x) = E (5aq) =02+ E (Gag) omo) + E (Grs) )
=1 A=1 — i=1

>=_ ]
A=1 be_AM

AN AN

Luminous Intensity - the candela, cd

The candela is the luminous intensity, in a given direction, of a source that emits
monochromatic radiation of frequency 540 x 10'2 hertz and that has a radiant intensity in
that direction of 1/683 watt per steradian.

NMC realises the luminance intensity through three temperature stabilised trap
photometers with an uncertainty of 0.58%.

Light source d T-controlled  Temperature stabilised
|: =| V(A)- filter trap photometer

CIEA Precision .- ..........

iy % K

source aperture
Silicon trap
I,:luminous intensity (cd or Im.sr?) ~ detector
d distance (m) The CIE relative luminaus sfficiency functions
E,:illuminance (Im/m?2) o

.[V =df .Ev = .//Rv /V:photocurrent (A)

R, :luminous responsivity (A/cd) — v

g, = 2T EASAAR s i
v /(m -f E(A) V(/])dﬂ S(A)spectral responsivity (A/W) EM

K., :maximum luminous efficacy (683 Im/W)
V(A) luminous efficiency function (1) % 0 a0 0 se0 s es0 70 78

Wavelength (nm)

— v |




Dissemination of the SI

Primary Level

Secondary
Level

Working Level

Initiated in 1999 for mutual recognition of

national measurement standards and
calibration & measurement certificates
issued by national metrology institutes
(79 signatories).

To provide technical basis for wider
agreements negotiated for international
trade.

NMC signed the MRA in 1999 under the
Metre Convention framework.

NMC participates in international &
regional comparisons to verify
capabilities.

L=
]

CIPM MRA

Reconnaissance mutuelle
des dlaions nabonaux de mesure

Mutual recognition
of nabonal measurement standards

MRA signed on 14 Oct 1999




Mutual Recognition Arrangement on Measurement

International Recognition of :

« Singapore’ s national measurement infrastructure (¢raceable to the Si
e Quality system conforms to ISO17025 Standard

« Technical capabilities in disseminating the SI

«  Worldwide acceptance of NMC' s calibration & measurement reports

L ¢ a‘- a Natianal
“cipmpne il ricuoory Cone

Mt

Associate

Associate not yet signatory to
the CIPM MRA

- D Received letter of intent

54 Members of the BIL] .
25 Associates of the (]

BIPM Members (50) Associates to the CGPM (34) International Organisations (3
W] Albania | Mauritius
Argentina Hungar Romania —
g = gary l] Russian - Bangladesh  jawmm Macedonia, the @
. ) . Russian =1 FYR of ‘g ~ )
@l Australia m India i Federation Belarus —
= Austria 5 Indonesia E Saudi Arabi [. Malta ..._....I'LE.é P
audi Arabia i "
Bolivia Moldova,
l] Belgium .:. Ireland _ m . Republic of
| | E Serbia Bosnia and . m
Brazil E srae : . hl Herzegovina — Montenegro -’lr
Singapore m
. Italy @
g Bularia il ) B soka ER cwreov @™ Panama g o e
apan
m Canada E ! Chinese Taigei= P
. araguay
- Kazakhstan E South Africa
E Chile - Spai E Costa Rica Peru
Kenya e pain o
China E Cuba m Philippines
- Korea Sweden E
o Croatia Republic of ) Ecuador Z Sevychell
eychelles World Meteorological
= Switzerland — LT
E Czech Republic E ‘ Malaysia E Thailand 5 Estonia Slovenia
Denmark Mexico Turkey Georgia L5, Sri Lanka
— —
= Egypt — Netherlands %er: UK = Ghana Tunisia
i - New Zealand )
E Finland — % USA Hong Kong Ukraine
Norway El e
-I France E Uruguay Vietnam
Pakistan Jamaica )
5 Germany : . Zambia
Poland ; Latvi I
E= Greece H avia P — Zimbabwe
Portugal E  Lithuana
Metre Convention member states not in MRA
Cameroon — Democratic People's Rep N Il Dominican Reput? ‘anBolivarian Republic of Venezuela
i+ T —
APMP members not in MRA: Fiji, Mongolia, Nepal, Papua New Guinea.
ASEAN members not in MRA (& APMP): Myanmar, Laos, Cambodia, Brunei




International Agreements on Measurement

CIPM-WMO Agreement (2002)

The International Committee for Weights and Measures (CIPM) and the
World Meteorological Organization (\WWMO), recognizing the need for
standardized, accurate and reliable data in the fields of meteorology,
hydrology and other related geophysical sciences, have agreed to work
together to ensure that data related in particular to measurements of
state and composition of atmosphere and water resources, coming from
the programmes organized under the auspices of the WMO, are
properly based on units traceable to the Sl through the procedures of
the CIPM MRA and the Technical Regulations of the WMO.

BIPM-IAEA MOU (2012)

To consolidate more than 50 years of mutual cooperation between the
BIPM and the International Atomic Energy Agency (IAEA), on Monday
25 June 2012 a Memorandum of Understanding (MoU) was signed by
the Director of the BIPM, Michael Kiihne, and the Deputy Director
General, Director of Nuclear Sciences and Applications Department of
the IAEA, Daud Mohamad. The ceremony took place at the IAEA
headquarters in Vienna during the 13th International Symposium on
Biological and Environmental Reference Materials at which the BIPM
also participated.

The IAEA use the BIPM to calibrate their secondary standards, and Dr
P.J. Allisy-Roberts, previously Director of the BIPM's lonizing Radiation
Department, is chairman of their standing SSDL Scientific Committee.

The IAEA signed the CIPM MRA in 1999 and were one of the first
laboratories to publish their CMCs in the KCDB.

|
. Unit of mole | Unit of kg
International I
comparisons
|
4 I
GC for automotive gases, ) I Dt
natural gas and green - Primary standard gas | _ rimary
house gases » mixture ® | stgla:is:rd
) f
ISO , |
6143:2001
AR
Primary reference P | v
material - |
k W, ISO
> 6142:2001
\ I
4 )
Certified reference o :
material - |
. y, l
|
< |
4 ) [
Working reference . |
: material -
CRDS for the & |
measurement of H,0 & \S J '
0,




Traceable Gas Standards System

% Relative Difference from KCRV

g

g

Pure gases

g

<:| Purity analysis
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International comparison

<: Stability International Comparison EURO.QM-
Life time S5/1166: Carbon Dioxide Mixtures in
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<:| management
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International ozone (ambient level) network: 26 member states &
2 international organizations
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International Key Comparison on Ozone Standards

1

BIPM.QM-K1

Ozone at nominal mole fraction 420 nmol/mol

Degrees of equivalence [D; and its expanded uncertainty (k =2), U;]
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The BIPM key comparison database, June 2012

International Key Comparison on Ozone Standards
2

BIPM.QM-K1: Ozone (Ambient Level) E.
M B

Coordinator
Dr Joele Viallon

Gas Section

Bureau International des Poids et Mesures
(BIPM)

Participants
NIST (US), NMC (Singapore)

Schedule
29 April -1 May 2013




Ozone Measurements in Singapore

Comparison of NMC Primary Ozone Standard SRP
46 with International SRP 27 at BIPM in France

NMC ozone analyzer calibration facility NEA ozone primary standard

International Comparison on Methane

APMP.QM-S7: 2000 umol/mol Methane
in Nitrogen

Coordinator

Dr Sangil Lee

Center for Gas Analysis

Korea Research Institute of Standards
and Science (KRISS)

Participants
KRISS (Korea), NMC (Singapore), CMS (Chinese

Taipei), UME (Turkey), NMISA (South Africa),
NIMT (Thailand), NPLI (India)

Schedule
September 2013 - Nov 2014




Applications of Gas Measurements

Air Quality
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Applications of Gas Measurements
I T S

Ship Emission
SO, CO CO, N, O, NO, HC PM
H,O

Natural Gas

— CH, C,H; C;Hg

"“ e i-C4Hy n-CHyg i-CsHy,
* , n-C;H;, n-CgHy,

CO, N, He

Indoor Detectors for

Hazardous & Flammable

Gases

O, CO CO, CH, C;H; H, H.S
SO,

) TS




Singapore National Measurement System

International Metre Convention
System General Conference on International
of Units (the SI) Weights and Measures Diplomatic
G Treaty
National Metrology Infrastructure ~CIPMMRA
: A*STAR HSA Other
National (National Metrology Chemical Metrology in healthcare, Nll\latlolnal
Standards Authority) medical science, pharmaceuticals and etfo ogy
Phvsice' = * ')it | health products, food and forensics Institutes
ySice a atrology ‘\Y
National @ @
Measurement SAC-SINGLAS Accredited Labs
Network Weights & Measures Office

Y Y i

Industry, Government, Trade, Defence,

End Users | Science & Engineering, others

Thank youl!

www.a-star.edu.sg
www.nmc.a-star.edu.sg
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