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UFP and BC Monitoring — a new Regulatory Focus

@} World Health
%~ Organization
WHO global
air quality
guidelines

Latest Release: 2021

WHO AIR QUALITY GUIDELINE
LEVELS ARE LOWER THAN
15 YEARS AGO “

Source: web; 25.04.23;
WHO releases updated Global Air Quality
Guidelines (rehva.eu)

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

WHO: - Air Quality Guidelines (AQG) include and
continuously refine limits of SO,, NO,, O, CO, PMy,
and PM, ..

Ultra Fine Particles (UFP) are particles <100nm;
for the 1st time introduced as “metric of interest”

Ambient Air Quality Directive EU-2024 /2881 -
Mandate of UFP and BC monitoring

Harmonization of
«  UFP measurement with EN 16976

- BC measurement in draft phase.

iy 4 Superior Airways of respiration
= » '... .
: “1 "- - ,~‘=‘-
» 3*_?.'\’
Inferior Airways of respiration

Health effects of aerosol particles [1]

[1] Nani Guarieiro LL et al. (2013) Vehicle Emissions: What Will Change with
Use of Biofuel? Biofuels - Economy, Environment and Sustainability. InTech.
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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.rehva.eu/news/article/who-releases-updated-global-air-quality-guidelines
https://www.rehva.eu/news/article/who-releases-updated-global-air-quality-guidelines

UFP Monitoring Platform for Comparable Data

AVL Expertise
In Particle
Number Counting

> 60 years of proprietary technology
in aerosol particle measurement

-

3 > 20 years of AVL technology in

v Condensation  Particle  Counting
ACTRIS _} (CPC)

Compliant

. > 1600+ CPGCs installed worldwide
AVL UFP Sampling System

. . . > Global customer base in industry
™
AVL UltraFine Particle Monitor e = mia

» In-house design and production
EN 16976-compliant CPC measurement

10 nm lower detection threshold
Continuous 24/7 operation
Harmonized processing and quality control

> Global sales & service network

ANNEA NN

AVL Butanol Remover
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Recent Transatlantic Study spans Urban to Rural Conditions

Graz AVL UFP monitoring site

|Das Land
Steiermark

Graz, Austria

- Graz-Sud station: in urban and
commercial-industrial zone, near
major road (~30k vehicles/day)

Analysis period:
April 2022-July 2026

Sacramento County AVL UFP/l/nonltorlng sites S A C M E -|- R U

AIR DISTRICT

Sacramento, CA

— Bercut station: in urban area near
Interstate-5 (CA-MX), 197k vehicles/day

— Folsom station: east of city center,
suburban

— Sloughhouse station: southeast of city
center, rural location

Analysis period:
April 2025-July 2026
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NOX links UFP to Local Combustion at Urban Sites

SAC METRO
|Das Land - Sacramento, CA
% : Graz, Austria = 4
Steiermark AIR DISTRICT
i ; T g g Bercut: p = 0.64
—~ 50000 UFP-NOx density _ Wind-speed stratification Bivariate associations __ 100000
Tg ?5 T Bias TE 80000
G 40000 G 20000 RH o
%3) 30000 %’ 502 _§ 60000
£ 20000 . £ 10000 EI TEMP £ 40000
= 10000 . = £ < 4
2 e 1 %} Ws - 20000
= o = ) 0 ) o
0] 100 200 5 N g 2 2% -0.5 0.0 0.5
NOX (ug m-3) i A Spearman p 100

Wind speed (m s—?)

— Bercut has a strong UFP-NOx association

— UFP rise systematically with NOx (p = 0.69), consistent with local (p = 0.63).

combustion influence. _ _ _ _
— Consistent with primary combustion

— Wind speed and ozone are the strongest inverse correlates. influence.
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Diurnal Cycles in Graz and Sacramento

Graz Bercut
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Weekday Effects on UFP Concentrations

Graz Bercut
Mon -257
Tue E
Wed 203
25
™ Thu o
15%
Fri =
-
'
Sun b
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 B 10 12 14 16 18 20 22
Hour Hour
Strong weekday-weekend Similar timing, lower
contrast weekend levels
Graz (AT) shows morning and evening Bercut (US) shows morning
UFP peaks across weekdays, with UFP peaks, independent of weekday.

stronger working-day mornings.
Weekends show a similar pattern at
Weekends lack morning peaks and show lower UFP concentrations.
longer activity into the night.
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Seasonal UFP Fingerprints

Graz Bercut
Jan -40
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Apr 30 °
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Hour Hour
Cool-season bimodal pattern Warm-season morning pattern
Morning and evening UFP enhancements A pronounced morning-to-midday UFP
dominate during the cooler months, with enhancement emerges from late spring
the strongest evening concentrations in through summer, peaking in June-August.
November and December. _ _ _
Outside this seasonal window,
Summer concentrations are lower and concentrations are lower and the diurnal

show a much weaker bimodal structure. pattern is less distinct.
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Take-Aways UFP Monitoring

Harmonized UFP measurements acc. to EN 16976 provide reliable & comparable data.

Results from GRAZ Results from SACRAMENTO

Multi-year data reveal a All three sites show warm- ATAIET A8 eVt
consistent cool-season season UFP enhancement analyses are needed to.
bimodal pattern & during morning-to-midday, understand atmospheric
show a station-specific indicating a broader Prgcesses, SO:III‘CE ol
UFP fingerprint. regional influence. Influences and spatia

variability.
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Why is Black Carbon of Interest?

Ambient Air Quality Directive
Cardiovascular and respiratory relevance EU 2024/2881

Black carbon monitoring
at supersites.

Strong light absorption and short-lived Monitoring networks therefore need
climate forcing data that remain comparable across
instruments, sites and time.

A growing requirement for accurate,
intercomparable data
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AVL and Black Carbon: A Brief Retrospective

o
1965

AVL Smokemeter

Filter-based soot
measurement becomes
a reference approach for

o
1990

Global standardization

AVL plays a key role in
standardizing the FSN
method for regulated

o
2004

AVL Micro Soot Sensor

Photoacoustic spectroscopy
(PAS) enables direct, real-time,
filter-free absorption-based

o

(o) >

2010 2020

Cross-industry adoption of PAS

AVL spearheads expansion of
photoacoustic technology across
combustion engine-related

Global BC Harmonization

Research, metrology institutes
and monitoring networks move
towards stronger

engine testing by applying engine emissions soot quantification. industries like automotive, comparability of black
the Filter Smoke Number testing. marine and aviation. carbon mass measurement.
(FSN) method. 1SO 10054 — Filter-type smoke meters

1SO 8178-3 - FSN in exhaust emissions

©)

KA

/<8N

World Health
(?—@ Organization

WHO global

[ P ]
air quality
i_l | ----- — guidelines

o SR
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Harmonization of BC Measurement and Traceability

Photoacoustic Spectroscopy

PAS measures aerosol absorption
directly in situ and can be used as
Primary primary standard method.

standard method
PTI, PAS, EMS

Transfer standard
e

Transfer method or material Harmonization is required

European standardisation work within

Field instruments CEN/TC 264, working group 35.
© e Filter-based photometers

stanBC investigates potential SI-traceable calibration
methods for intercomparable black carbon measurements.
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Photoacoustic Spectroscopy (PAS) Method

Aerosol flow
= : A 7 R : B
NI Ilﬂ ' ® M /., b g# ’6 \' ( / / / Fid % ‘/' (f{ 5 / AN
/\/M T - g ! ‘ [ :\ \ \ LR &‘\ \ =\ -\ % f:l?s?l?:?u;‘ze |
ulti-wavelength E ® L] 9 = : 4 Sl
%gdulated‘ ligght! : \ — b‘ Absorbing L Acoustic . Mlcroohonc—
Aerosol particles pressure wave
0 MODULATED LIGHT Q PARTICLE HEATING e PRESSURE WAVE it
Three wavelengths pass Absorbing particles s : The acoustic signal
. . Periodic heating generates e
through the aerosol convert optical energy into : quantifies aerosol
an acoustic wave. :
sample. heat. absorption.

PAS enables direct, in-situ aerosol absorption measurement.
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AVL Black Carbon Monitor

Aerosol flow
<
ﬁ ;‘
AVAVADRN . & s e
AN TS -
A VAVASS -
|
Multi-wavelength |\ ¢ “
modulated light 4 R e
AVL BLACK CARBON MONITOR AerOSOl

405 nm 532 nm 880 nm
AVL Black Carbon Monitor™

Direct, filter-free aerosol absorption measurement

Simultaneous three-wavelength analysis in a single cell

Spectral absorption supports BC/BrC differentiation and source-oriented analysis.
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Robust Sensor Design

20.0

e BCMUnit2
e BCMUnit3
1754 @ BCM Unit 4
= = Fit: k=0.99, b=-0.00

15.0 1

=

N

Ul
1

k =0.99
b= 0.00

Strong unit-to-unit
comparability across
the tested range

Absorption [1/Mm]
< 5
(O} o

5.0 A1

2.5 1

0-0 T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

BCM unit 1 absorption [1/Mm]

AQDT 2026 Symposium; Petra Kotnik | | 09 September 2026 |



Limit of detection [ng/m3]

Limit of Detection

1000 [~

100 ¢

Allan deviation

10

10

M |
100
Averaging time [s]

P |
1000

P |
10000

1-10 s

Rapid events and high time
resolution

100-2000 s

Improved sensitivity for low
ambient concentrations
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Preliminary Intercomparison at PSI
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Long-wavelength absorption intercomparison at 880 nm

Long wavelength: 880 nm
AE33 880 vs AVL 880
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Aerosol Absorption and optical
properties intercomparison at

Payerne

A. Christodoulou, R.L. Modini, M. Gysel-Beer
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Preliminary result

Strong correlation with
other BC instruments.

Consistent tracking of
ambient variability.

Systematic offsets
remain visible.

Final wavelength harmonization,

calibration and joint QA/QC are

still pending.
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Take-Aways BC Monitoring

Direct multi-wavelength PAS is a promising route towards traceable BC monitoring

NEED TECHNOLOGY
BC monitoring requires PAS provides direct, Ezlpdrzg::lgl:il:‘é:::re
comparable, traceable in-situ, simultaneous romisin p. validation
absorption data. absorption data. P 9

continues.

AQDT 2026 Symposium; Petra Kotnik | | 09 September 2026 |



Conclusion

UFP and BC measurements are essential for a complete picture of air pollution!

AVL UltraFine Particle Monitor

AVL Black Carbon Monitor
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https://twitter.com/AVL_List
https://www.linkedin.com/company/AVL/
https://www.facebook.com/AVL.List
https://www.youtube.com/user/AVLList
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