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Superior Airways of respiration

Drivers & Legislation

Coarse particles:
Dp <10 pm

Air pollution caused 4.2 million premature deaths
WHO global worldwide in 2019. (WHO, Link)

Aerosol particles can have severe effects on
human health

= Inferior Airways of respiration
Fine particles:

Alvéolos

air quality

Governments globally search for countermeasures

7)) World Health

to reduce the economic burden caused by air
pollution (OECD: 21 billion USD in 2015, LINK) Fig.1: Health effects of aerosol particles (2)
LEVELS ARE LOWER THAN . . . . . . .
15 YEARS AGO Air Quality Guidelines (AQG) include + cont. limit
refinement : SO,, NO,, 03, CoO, PM,q, PM, ¢ TECHNICAL SPECIFICATION CEN/TS 16976
L SPECIFICATIONTECHNIQUE
TECHNISCHE SPEZIFIKATION August 2016
Ultra Fine Particles(UFP) = <100nm) for the 1st time
introduced as “"metric of interest”; recommendation to Exgsh Version
expand container equipment by UFP devices due to Ambient air - Determination of the particle number
. concentration of atmospheric aerosol
Shortcomlngs Of Other meth Ods A::;n;l:a;et]—):)::;:T;isn::iﬁ:;;l:Ic::;::‘mu::uin P AuEenIuﬁ-Befun:‘Tnngder )
CLEAN AIR FOR HEALTH #AirPollution Q_‘? oo This Techni ification (CEN/TS) was approved by CEN on 26 June 2016 for provisional application.
Harmonization of UFP measurement procedure needed: T e e a4
Source: web; 25.04.23; _ : = ;
WHO releases updated Global Air Quality CEN 16976 teChnlcal SpeCIflcatlon
Guidelines (rehva.eu) —
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https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health#:~:text=The%20combined%20effects%20of%20ambient,6.7%20million%20premature%20deaths%20annually.
https://www.oecd.org/env/tools-evaluation/thecostofairpollution.htm
https://www.rehva.eu/news/article/who-releases-updated-global-air-quality-guidelines
https://www.rehva.eu/news/article/who-releases-updated-global-air-quality-guidelines

Why Ultra-Fine Particles?

<+— <100 nm diameter =—»

Ultra-fine Particulates . TypicalUrban Aerosol Distribution
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Occur in massive numbers in urban air Traditional mass-based
(most common source: vehicle measurements may not be fully
exhaust) but essentially have no mass representative
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Consequent step to
link existing Emission
Regulation to Ambient

Air Monitoring
Metric > UFP
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Expertise

... in Particle Number
Counting:

15+ years in the field of
emission testing

Installed Base: 1600+ units
worldwide

Applications: Automotive,
Non-Road Mobile
Machineries and Aviation

Global Customer ’s:
OEM s, Tier 1, Legal
Authorities (e.g.JRQO),
Universities, Institutes

Global available service and
repair centers

AVL UltraFine Particle Monitor

Laminar full flow butanol-based CPC: 100%
AVL Technology (0 ... 100,000 #/cm3)

Fully compliant to the CEN16976
requirements and specifications

ACTRIS Whitelist approved and certified

Automatic re-boot functionality
ensures consistent data flow

Advanced drift detection leads to long
measurement stability

Plug and Play: Bayern-Hessen, TCP/IP & UIDE






AVL UFPM Performance Evaluation ACTRIS Compatibility According
CEN/TS 16976:2023

Instrument Model AVL Ultrafine Particle Monitor LlI'lEEII‘lt}"' ﬂgalnﬁt reference electrometer
Evaluating Unit WCCAP, Leipzig, Germany

CPC

Performance Evaluation Results:

& 50-
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@ Detection efficiency at 40 £ 10 nm > 95% 102 103 101 % :tch
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Ultrafine Particle Measurement Campaign in

the City of Graz
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Internal

» Location: Air quality measuring station Graz-Sud Tiergartenweg

Nov. 22 - April 23

» Setup: 2 x UFP devices measuring in parallel (different suppliers)

Main Findings:
O Re-filling of butanol frequency

Integration of the UFP device

Q

O No UFP “calibration gas” available - long measurement
stability is key

O Diurnal cycle shows “traffic fingerprint

Short-term max. UFP concentrations up to 150.000 #/cm3
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Concentration AVL UFPM/ #/cem

Long Measurement Stability

Correlation AVL UFPM vs. station CPC (30 min averages) Nov 2022

40000 T L T
f -
f -
f
f F
. 7
30000 |- it .
I r
Py
Yy N
'y e P 4
4 ..- - :“f
20000 2 1
£ A,
.
7 Wy
' __'/.
gy
s
10000 P i3
VY data
s guadratic fit
- = i15%
D Il 1 1
0 10000 20000 30000

Concentration station CPC /#/ccm

Fig. 4a Correlation between AVL UFPM and station CPC in

Graz before service of station CPC
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Fig. 4b Correlation between AVL UFPM and station CPC in
Graz after service of station CPC
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Concentration / #/com

Diurnal Cycle Shows “Traffic Fingerprint”

Diurnal cycle Graz-Tiergartenweg (30 min averages)

20000 T T T
The measurements show a clear diurnal
e cycle, with maximum concentrations twice
Jan 2023 per day. These are most likely related to
15000 | —— Fob 2023 . . .
e naro0oa traffic peaks in the morning and late
—— Apr2023 afternoon.
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Fig. 6 diurnal cycle from Nov-22 to Apr-23
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Short-term max. UFP concentrations

Number of days with maximum concentration
30 T T T

« 60 days of the campaign show less than
1.0*¥10°> #/cm3 and therefore are within the

linearity of the measurement device.

Number of days

« 97 days were over 1.0*¥10° #/cm3

« 29 days exceed even 1.5*%10° #/cm3

0 50000 100000 150000 200000
Maximum concentration / #/cm?

Fig. 5 concentration statistics from the measurements in Graz
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Conclusions

 Three different AVL UFPM were calibrated at WCCAP and fulfil the CEN/TS 16976:2023 standard,
therefore fulfilling ACTRIS conformity

« The 6-month ambient measurements prove that the AVL UFPM shows a very stable performance without

an error over a measurement period of 6 months and a 24/7 operation - Device still in operation

« Long-term ambient measurements show that no operator interaction was necessary beside refilling the

operating fluid bottle

 The calibrated maximum concentrations were exceeded during the urban measurements

« The diurnal cycles show two peaks in the morning and late afternoon, which are most likely due to

increased traffic in these time periods
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