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Odour pollution

AOdour pollution is the presence of odorants in ambient air at concentrations
sufficient to be perceived and cause annoyance or reduced welbeing.

AUnlike conventional pollutants, it isdefined by human perception rather than
chemical thresholds , making it inherently difficult to measure, regulate, and

manage.
AlIn Europe,odours are the 2nd to local authorities.
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Odour pollution

.. .. .. 1. § f | high i
A Therespect of emission limits or of normal exposure limits do oS s oM oW o THOR conconTraions

not guarantee absence of odours because of the presence of
compounds with very low odour detection threshold.

Exposure level Concentration, ppmv  Symptom

-0 Irvitation of the eyes, nase,
and throat

A Odour complaints often reflect a fear about possiblehealth risks, T e Suscm
even though this is generally not the case. .
Loss of smell { > 100 ppmy)
A The odour threshold (OT) values for many compounds are much 200-500 Changes in respiratory tisue
lower than their exposure limits (expressed as timaveighted- g s

Rapid respiratory distress and
failure {acute exposure at
> 500 ppmw for 1 to 4 hoursp

= 2,000 Coma and death after single

average threshold limit value (TWATLYV)), giving thatmost
dangerous compounds can be smelled at much lower
concentrations than those causing adverse effects on health

; N breath?
For instance, the OT for H 9 -TLVis 1 Kaoun s “knockdoun e
ppm. This is howevemot the case for some compounds (e.g., e e
benzene). oot oy
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Environmental Odour Monitoring

Regulatoryframework

Cina
GB 14554 93 national standard

National standard in force since 1994 specifying emission limits for 8
odour pollutants, compaosite odour concentration limits and site
boundary limits for fugitive sources. Considered outdated given
China's industrial evolution; revision has been under consideration for
years and remains pending.

GB 145543
8 regulated substances
Revision pending

United States
State andlocal level regulation

No federal odour re%ulatlom the EPA does not dwectlg/ reguladeours.
Some states set ambient dilutieto-threshold (D/T) limits measured with
field olfactometers. States without specific rules delegate to local _
governments via nuisance ordinances. The Clean Air Act addresses air
pollutant toxicity, not odour perception.

State D/Tlimits
Nuisanceordinances
Odour Control Plans
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Japan

Offensive Odor Control Law (1972)

One of the earliest dedicated odour laws globally. Regulates 22
specified offensive odour substances by concentration at site
boundary. Local governments may designate regulated areas and set
their own standards. Dual approach: chemical concentration limits and
an odour index tied to human olfactory perception.

22 regulated substances

Odour index system

Local authority powers

Europe

Composite regulatory framework

No single legislative instrument  odour management integrates
technical standards with permlttlnl\% and transparency obligations.
Significant heterogeneity across Member States in emission limits,
receptor- based criteria and setback distances. IED 2024 and HP
2024 redefineauthorisations BAT definitions and EMS obligations.
EN 13725 olfactometry

EN 16841 field inspection

IED 2024 / IER 2024
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Environmental Odour Monitoring
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Odour pollution I1ED 2010/75/EU

TheIndustrial Emissions Directive (IED) 2010/75/EU (2010) made odour nuisance a formal
permit condition in Europe, directly linking it to Best Available Techniques (BAT) obligations.

’ ¢

® ®

1996 2010" 2022 2024+
IPPC Dir. IED 2010/75/EU BAT Conclusions EN 13725:2022 IED recast
96/61/EC Odour enters BAT (sector BREFS) revised odour OMP

IED Scope @ BAT & Odour

~50,000 large EU installations
(energy, waste, chemicals, food, livestock) subject to
integrated environmental permit.

fat

Competent authorities set binding odour limits;
operators must implement site specific Odour
Management Plans (OMPS).

BAT Conclusions explicitly require odour monitoring

via EN 13725 and emission limit values per sector
BREF. https:/eippcb.jrc.ec.europa.eu/reference

Il EN 13725 Link

The IED designates dynamic olfactometry as the
reference measurement method ouE/m?3is the
regulatory unit.

2 crmsans china By 02020 4
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IED 2010/75/EU

Each industrial activity giving rise to pollution referred to in Chapters |l
to VI can operate only if it holds a permit  (Art. 4).

An application for a permit shallinclude a description of:

(a)the installation and its activities;

(b) the raw and auxiliary materials, other substancesand the energy usedin or generated by the installation;
(c) the sources of emissions from the installation;

(d) the conditions of the site of the installation;

(f) the nature and quantities of foreseeable emissions from the installation into each medium aswell asidentification of significant
effects of the emissionson the environment;

(g) the proposed technology and other techniques for preventing or reducing emissions from the installation,

(h) measuresfor the prevention, preparation for re-use, recycling and recovery of waste generated by the installation;
(j) measuresplanned to monitor emissions into the environment;

(k) the main alternatives to the proposed technology , techniguesand measuresstudied by the applicantin outline.

Wl 9 cngane e Evay 0200 4O
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IED 2.0 4th August 2024

ﬂ Protect health & . . _ . . .
nvironment inimise the i . Q Promote innovation drive ™ Stricter emission limits

ef .Vldo . (Ia di m|n|m|s$ € |mkpac transformation through the most tighten rules with lower emission limit

Siftlnts DR G HIE ST il effective and viable emissions reduction values and more stringent conditions for

emissions on people and nature across
the EU.

techniques. granting derogations.
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IED 2.0 4th August 2024

ﬂ Protect health &

: o . Q Promote innovation drive ™ Stricter emission limits
en_vwonment _ minimise Ui I eter transformation through the most tighten rules with lower emission limit
. mdgstnal Il AL (1t effective and viable emissions reduction values and more stringent conditions for
SIESIONS 0l [£20]ps Bl MEILIE EEiEss techniaues. arantina deroaations.

the EU. A The IEPRreplaces the European Pollutant Releaseand Transfer

Register Regulation (E PRTR)

A 1t provides public access to key environmental data from
industrial facilities in EU Member States, Iceland, Liechtenstein,
Norway, Switzerland, Serbia and the UK through the Industrial
EmissionsPortal.

https://industry.eea.europa.eu/
A All IEDplant permits are PUBLICand can be found online!

Wl T 9 cngane, e Evay 0200 4O
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pollutants
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Regulatoryapproachesin Europe

M Dynamic olfactometry

M rield olfactometry/complaints

M ot defined or no regulation _

M Oynamic olfactometry+ modelling i

I Dynamic olfactometry+modelling / Field inspections

W Dynamic olfactometry+modelling / population sensitivities
M Dynamic olfactometry+modelling / Dynamic olfactometry
I Dynamic olfactometry+modelling / others

[ May 17-20, 2026 _
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Odour measurement
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AlIn order to devise proper strategies to manage and regulate odour pollution,
there is the need for specific methods for odour measurement and for
odour impact assessment

AMeasuring odours is a challenging issue, as it entails the problem of
objectifying a sensation ; different methods can be used with the purpose of
characterizing environmentalodours.

STANDARDIZED MEASUREMENT METHODS

Field inspections
EN 16841 1/2

IOMS
Continuousreal- time monitoring

2 crmsans china By 02020 4
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Definition

Any instrument capable of
continuously monitoring air and
producing an odor- related metric
as output

They include "electronic noses”,
but also monitoring tools based
on different operating logics (e.qg.
chemicalanalysers GCs)
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o o o

Among instrumental approaches |IOMSis the only method capable
to provide a QUALITATIVIEharacterizationof odours

2 crmsans china By 02020 4
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A Variable emissions over time (e.g. foundries, asphalt production, discontinuous or
"countryside" processes, etc.)

A Presence of several plants in the area, so the assessment of the olfactory impact on the
citizen should take into account the different sources, which are not necessarily additive

2 crmsans china By 02020 4
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|IOMS:Where?

Emission Source

2 crmsans china By 02020 4

A. Detection
B. Classification
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|IOMS:Where?

A Emission sources
A Continuous estimation of the odour concentration
A Real
A Process control

A Plant fenceline
A Continuous characterization of ambient air in terms of quality and concentration
A Real time identification of anomalous emissions associated to altered operating conditions
A Validation of odour events signaled at receptors by citizens or another IOMS

A Receptor
A Direct assessment of the odour impact associated

A Fec;tognition of odour provenance, in case of multiple presence of industrial activities on the
erritory

2 crmsans china By 02020 4



I SEN 2026 2 The 21 International Symposium on Olfaction and Electronic Nose

|IOMS:Where?
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IOMS TechnicaRequirements

for reliable field deployment

@JLongterm continuous El Stable and reproducible D58iG50iA2y 2F RAT dz
characterization résponses _ {SyartiAagAride G2 KAIE
Sustained operation over mediuto- Consistent sensor output over time to LI dzY S &> LI NI A®dz | NI
long monitoring periods without ensure comparability across GFAaSR Y2yAG2NRY I ac
performance degradation measurement campaigns

'Igg(; 7\)\ fEI 7\KU ea Sl%/Téa;?il\lé éagsﬁyg;]é “Variable atmospheric conditions PLYyGSNFSNEYyOS 02 YL
R - 5 Robust outdoor installation design to I O A @GS 02 NJ\LB OQUA2Yy 1
2R2dzNJ aAdylkta F3F A inciand fluctuating temperature, ' YR KdzYARAGE STFFSOL
JERES humidity and weather NEaLRyas

Hnha{ I NBr yiuil a3 dzadt Nozy Sy i &

~

WSEAIFOES 2LISNI GA2Y NXI dzA NB a |-TaL|a$CRmON-mS\R2ﬁuS\|ﬂar\yl-)\ =
S f SENYyAY3 (02 O2YLISYalraS F2NJ RNAT I VR y
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Experimentalprotocol
from Industrialprocessanalysedo resultsinterpretation

®

Review of technical documentation and environmental permit = Plant inspection

O

Definition of odour classes Parametric dispersion modelling Selection of monitoring sites

@ Preparation and IOMS analysis
of diluted odour samples

Field performance testing & monitoring

Specific field tests Real time analysis at monitoring sites

Data analysis & reporting

2 crmsans china By 02020 4
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Experlmentaprotocol
from Industrialprocessanalysedo resultsinterpretation

The 21** International Symposium on Olfaction and Electronic Nose

O

Analysis of the industrial process Plant inspection

Definition of monitoring goals and IOMS installation site

Definition of odour classes Parametric dispersion modelling Selection of monitoring sites

O

O Execution of olfactometric campaign at
main emission sources

Field performance testing & monitoring

Specific field tests

Actionable recommendations

2 crmsans china By 02020 4
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IOMS Odour Monitoring under new |IED
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Technical standards on IOMS In Europe
49
uni
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Technical standards on IOMS In Europe
Highlights

A quality protocols for performance testing

A Applicable to instrumental odour monitoring in: ‘i
* *
* *
* *
* 4 *

A ambient air
A ambient air at the fence line of the source installation
A odorous gas emissions, including waste gases upstream of odorant abatement devices

A Not applicable to:
A direct determination of the odour concentration in ougm?3
A direct monitoring of hedonic tone (or pleasantness or unpleasantness) pe
A direct assessment obdour annoyance 'A‘
. . . . . N/ 4
A the monitoring of air quality for purposes of environmental health and safety U n I

A 3 types of measurements:
A Presence/absence measurement (Type A)

A Odour class measurement (Type B)
A Odour quantity measurement (Type C)
A No acceptability criteria are fixed (yet) !

2 crmsans china By 02020 4
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A The P2520.1 standard defineperformance
benchmarks based on three functional
capabilities:differentiation, identification,
and quantification .

A For each, the system isested against defined
chemical mixtures under varying
environmental conditions , including changes
in temperature and humidity, over extended

time periods.
<& IEEE

2 crmsans china By 02020 4
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Case Study:
Monitoring of odour emissions
from a wastetreatment plant
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1. Contexuallzatlomf the odour problem
Authorized emissionan the environmentalpermit

ABATEMENT
EMISSIONS SOURCE SYSTEM POLLUTANTS
Emergency flare
EO2- EO4 for biogas
combustion
Buldings ar acids, meroaptans
EO3 extraction Biofilter ’ P )
4 scrubbers NHj;, H,S, odour
and TVOC
: NO,, CO,HC],
EO05 Boiler 991 kW TOC. dust, SO

Only emission EO3 biofilter has been included as odour emissionto be
considered

2 crmsans china By 02020 4
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1. Contexualizatiornof the odour problem
Plantinspection

A
A
A
A
A

Inspection report with
description of
emission sources and
definition of sampling
strategy

P
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S — ] — 2 Chonggqing, China @01 May 17-20, 2026
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AFuggitive leaks from:

A Organic waste storage and
pre-treatments sheds;

A Plastic storage and Compost
maturation shed,;

A De- Sandblasting section;

A Biogas upgrading section; FibrousMaterials

& Plastics

2 crmsans china By 02020 4
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Peculiarities
ADevelopment of a monitoring  AQuantification of complex
network at the fenceline for: odour emissions
AReal time assessmenbf the AManagement of environmental

odour concentration

e Interferences
AQualification of the detected _ _
odours ADrift compensation

A Definition of an alarm threshold
for the odour concentration

2 crmsans china By 02020 4
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2. Definition of monitoring goals and IOMS
Installation site

A

,.}]l

WIND SPEED
(mis)
' - B >=11.10
ISOUTH ___--~ Il ss0-11.10
i Wl s570-850
Il 360-570
[] 210-360
[ 0s0-2.10

wSOS LI 2 NR

2 crmsans china By 02020 4
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2. Ijltlon of monltorlng goals and IOMS
Installation site

AParametricmodelling of odour emissions

The 21** International Symposium on Olfaction and Electronic Nose

Most impacted receptors
wSOS LI 2 NR
Bttty
AN /X
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IOMS network

A Al Davis Instrument station
A measuring
A AWind speed and direction
ATemperature, pressure and
A relative humidity

A Solarradiation

2 crmsans china By 02020 4
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3. IOMS training

Samplingat emission
sources

Olfactometric
characterization

DA\
TMEAr
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3. IOMS training

FIELD CAMPAIGNS

Several sampling & testing campaigns conducted in
the field to cover emission variability and seasonality

TRAINING DATASET

Dataset includes more than 100 samples across 4
emission source categories, collected under diverse
operating conditions

P

B adonia D La
O — 1111 —

SAMPLE EREAKDOWN BY SOURCE

1 73 total samples

BIOGAS 64 samples

ORGANIC WASTE 49 samples
D

AIR 37 samples
L

BIOFILTER 23 samples
G

2 crmsans china By 02020 4
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3. IOMS training

from sensorssignalsto monitoring data

The 21** International Symposium on Olfaction and Electronic Nose

Raw sensor array data
multivariate temporal electrical patterns

l

Signal pre-processing
noise removal, drift compensation

l

Feature extraction

[ ] ‘ multivariate mathematical transforms
s J/ N
Esstimateof the odour concentration over FERMIEE B ey
itori ‘ dimensionality reduction .
monitoring - l ,/
: 8 53000 1 )
8 43000 Pattern recognition
33000 L classification and/or quantification )
23000 ' '
13000 M
3000 — <1 . ( b 1 b
§ & § $ $ Classification Quantification
\(Q\” cgs” \S\W \Q\” @& q odour type / source ) L concentration (ou/m?) )
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IOMS 1 L h a

Score Plot 89.06 % of explained variance Score Plot 80.01 % of explained variance
| A
|
2-
5.0
X X
- class N class
o 01 -
o ¢ ARA ~ 251 ® ARIA
D A BIOGAS D A BIOGAS
N I ODORE ORGANICO N B ODORE ORGANICO
O ,. @)
—>
'4' _2.5.
3 0 3 6 9 0 5
PC1 (78.14 %) PC1 (68.84 %)

VN2
bl BL___adiite D L& ; ” .
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Management ofinterferences

Hardware
O A Physicalpre- processing ofgaseoussamples

prior of the analysisto reduce/control its
moisture content

A Need for complex and expensiveadditional
device for sampling

° . ® Software
’ o) o @SN o SN A Development of compensation models based
N/ \ O/ \ O/ on samplesmoisture content
Sensor
Competitive adsorption of water
= vapour and and VOCs

2 crmsans china By 02020 4
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Management ofinterferences

£ 3

S %]

é © 95% 80.5%
(Chey; 80 100%) (Chey, 73 93.5%)
S Compensation Compensation
" applied not applied

1 F =79 75 E w7’
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Classification accuracy

5000

e [Ohm]
4000

N N 4
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Management ofinterferences newapproach

S1 - Resistance vs AH
12500
[ ]
* Mese
] P ® marzo 2024
° © aprile 2024
10000 ® maggio 2024
— % o0 giugno 2024
; %, Sensor responses from
- 08, .
— g’ @° ] agosto 2024
I S e | MArch 2024 to April
o % % o o ottobre 2024
-.-ee S, S - e | 2025 plotted as a
o °oe .O ggi.ﬁ 2 .'.. © dicembre 2024 =
® ::t' .920;:'. ......" o ® gennaio 2025 funCtIOn Of the abSOIUte
5000 °8° %y R e febbraio 2025 I
@ .. ° oo 1 ;AO:[O?% R ® marzo 2025 h u m Id Ity
. ...'- = ) e @ aprile 2025
2500
5 10 15 20
AH [g/m?3]
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Management ofinterferences newapproach

S3 - Resistance vs AH

900

. PROBLEM:
e TIME DRIFT!

800 maggio 2024

giugno 2024

luglio 2024

agosto 2024

settembre 2024 A
ottobre 2024

novembre 2024

dicembre 2024

gennaio 2025 A
febbraio 2025

marzo 2025

aprile 2025

700

Resistance [Ohm]

600

e © ¢ o @ o o

500

AH [g/m?]
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Management ofinterferences newapproach

Sensor S3 - Resistance vs Humidity

corr orig

Date
® marzo 2024

900 © aprile 2024
maggio 2024
giugno 2024
luglic 2024

800 agosto 2024

settembre 2024

ottobre 2024

novembre 2024
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Management ofinterferences newapproach

Sensor S3 - Resistance vs Humidity

Model fitting
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RAW DATA
DATA
PRETREATMENT
A
4 B
Data processing
pipeline
A |
CLASSIFICATIO
MODEL
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Management ofinterferences newapproach

RAW DATA
DATA 1. Dynamic baseline

PRETREATMENT compensation with polynomial
regression models

CLASSIFICATION 1. Time dr_lft corre_ctlon with OSC
MODEL 2. Dynamic baseline

compensation with
exponential/power-law models
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Management ofinterferences newapproach

Test: Balanced Accuracy
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Balanced Accuracy
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Verification of the IOMS performance rather than hardware
requisites by means ofspecific verification tests in the field
after IOMS training for the specific monitoring

Odour
classificatio
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4. Field performance testing

1 AMPLING AND OLFACTROMETRIC

CHARACTERIZATION OF SAMPULES
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INDEPENDENT FROM THE TRAINING
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TS

4. Field performance testing
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4. Field performance testing

Parameter Value log10 Value real
Bias -0.0356 1.08
LoAupper 0.565 3.60
LoAlower -0.637 0.235
Sigma 0.302
Precision 3.92

EvaluationCriteria(EN13725:2022)
. Al a

t NSOAAA 2y

Differences

Bland & Altman plot
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4. Field performance testing
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Parameter Value log10 Value real
E IOMS estimates of odour concentration
are comparable with results of dynamic
w
olfactometry @
c
Precision 3.92 E
£

EvaluationCriteria(EN13725:2022)
t NEBOA&A 2|y
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4. Monitoring phase

* Real time output visible on plant
management SW:
* Odour class (air, biogas or
organic waste)
* Odour concentration
* Telegram message everytime fixed
odour threshod is exceeded with
attached IOMS outputs of last 24 h

Quantification

Classification

Feature
extraction

Signal Pre-
treatment

B adnmie L L&
A — 1111 1) —

Odori
Casse Torda y,0.
Aria 238
Casse Biofiltro y.0,
Organico 443 0

Comunicazione
PLC Biologie

(arahek: p MICROPOWER Q
 Peguie uives O enorgy & facility
T b | S C

s | danonicn @ QO

0
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5. Interpretationof monitoring results

AEvaluation of frequency ofoccurenceof odour eventsat the plant
fenceline (measurementstypes A and B) over lyear

_ ODOUR ODOUR
1% 11%

Organic: 5.6%
Biogas: 0.44%

Organic: 6%
Biogas: 4.6%
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AEvaluation of frequency ofexceedanceof odour concentration
levels percentiles

Frequent
odour events

L h aM IOMS 2

Odour concentration estimates = 42400U_eq Odour concentration estimates = §8B800U _e
260 410
240 380
220 350
200 320
180 290
"$160 3280
E 140 E. 230
8 o &
100 0
80 110
60 80
40 50
20 20
C S 6 Naizh W& { S LJG SHY/oHSHINJ March 2023 February2022 Septembe2022 March 2023
—o—95° percentile ——98° percentile ——95° percentile  —e—98°percentile
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5. Interpretationof monitoring results

Date & Hour Classification Qu[acl)r&tlaﬁgz]tlon Classification Qu[ir&tlaﬁgatlon
22/06/2023 07:40 Organic 167 Air -
22/06/2023 07:50 Organic 170 Air -
22/06/2023 08:00 Organic 173 Air -
22/06/2023 08:10 Organic 176 Organic 158
22/06/2023 08:20 Organic 160 Organic 170
22/06/2023 08:30 Organic 168 Organic 200
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IOMS for odour monitoring:

E Integration of new compensation algorithms  into new
sensor modules including possibility oftemperature
modulation and impedance readout

E Accuracy of predictions, reliability, stability over time
are still critical aspects, especially in view of use within
environmental permitting for emission monitoring

E High costs associated with training could be addressed
by implementing calibration transfer strategies

E Standardisation and quality protocols are needed for
their use as air quality monitoring tools

E There is still alot of space for improvement ...
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Take homemessages

IOMS are effective tools for continuous odour monitoring,

mh

Regulation is evolving, leading to amattractive market expansion

Be careful with overoptimistic results obtained in the lab: in the field you havancontrollable,
dirty and continuously changing conditions

mh

Work in teams with odour experts to ensurerepresentative training (often expensive!) and
make your technology USEFUL

mh

(1l

E

If you are realistic, you can be successful!

2 crmsans china By 02020 4




ISEN 2026 The 21°* International Symposium on Olfaction and Electronic Nose

Thankyou for your attention!

P
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