
Solid Emission Measurement 
Devices

Dr. Ákos Bereczky



Why it is important?
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Martyn V. Twigg & Johnson Matthey PLC: Cleaning the Air We Breathe –
Controlling Diesel Particulate Emissions from Passenger Cars, Platinum 
Metals Rev., 2009, 53, (1), 27

Schematic representation of diesel particulate matter (PM) formed 
during combustion of atomised fuel droplets.



Particulate Matter (PM)

• PM10 - size less than or equal to 10 
micrometers

• PM2.5 - size less than or equal to 2.5 
micrometers

• Nanoparticles [particles/cm3]

•Diesel-Engines [g/kWh or g/km], (ECE R49)
•Ambient Aerosol Monitoring [µg/m3]



Solid Emission Types:
• Dust [mg/Nm3]

– Power generation industry,
– Waste incineration equipments,
– Residue burning equipments,
(DIRECTIVE 2001/80/EC OF THE EUROPEAN PARLIAMENT AND OF 

THE COUNCIL)
• Particulate Matter (PM) or Soot

– Diesel-Engines [g/kWh or g/km], (ECE R49)

– Ambient Aerosol Monitoring [µg/m3] 
• Smoke [m-1]

– Diesel-Engines
(ECE R24, ECE R49)



Dust Concentration Monitors

• Transmissiometry
– Dry gases
– Accuracy: +/- 2%

• Scatter-light
– Dry and wet gases
– Accuracy: <+/- 2%

• Gravimetric
– Dry gases
– Accuracy: <+/- 1%



Gravimetric 
ISO 9096 and ISO/CD 12141.2, 

www.bgiusa.com/



Gravimetric measurement
• Conditioning of the filter (24h)
• Weighting of the filter (M0)

• Sampling

• Conditioning of the filter (48h)
• Weighting of the filter (M1)

• Mass of the sample: M1-M0

filters are conditioned  and  weighed at 295 K  (22  °C)  ± 3  K, relative  
humidity  of  45  ± 8 % (DIRECTIVE  97/68/EC )



•Segmented or one-parted velocity (integrated with gas velocity measurement system) probe aspiration (1) with 
exchangeable heads depending on the structure of measuring stub pipes and applied way of dust filtration and 
exchangeable aspiration tips (2) 
•Dust separators used during the internal (2a,2b,2c) and external (2d) filtration (directly in the duct or on external part 
of aspiration line) 
•Three-chamber moisture separator (3) 
•Hygrometer module (4) 
•Control unit of the set (5) 
•Control valve module with the servomotor of the automatic control (6) 
•High-efficiency vacuum pump (8) with the surge vessel (7) 
•Temperature probe (9) emio



Gravimetric

Sick-Maihak



Transmissiometry

• When a light beam shines through a mixture of 
gas and particles, the particles weaken the 
beam by absorption and scattering. The more 
particles in the light beam, the stronger the 
weakening of the beam. 

• The comparison of the intensities of initial light 
and received light supports a precise statement 
of the transmission.

• After conversion of the transmission in extinction 
and a gravimetric comparison measurement, the 
result is displayed in mg/m3.



Transmissiometry

Sick-Maihak



Scatter-light

• A light sender radiates light that is scattered by 
the particles in the gas which is then detected by 
a sensitive detector. The dispersed light 
principle is suited for small dust loads – also 
under 1 mg/m3.

• The correlation between measured value 
indication and dust load is determined by means 
of gravimetric comparison measurements.

• Both backwards and forwards scattering are 
used for scattered light measurement 
applications.



Scatter-light (dry-gases)

Sick-Maihak



Scatter-light (wet-gases)

Sick-Maihak



Particulate Matter (PM)

• PM10 - size less than or equal to 10 
micrometers

• PM2.5 - size less than or equal to 2.5 
micrometers

• Nanoparticles [particles/cm3]

•Heat Engines (ICE) [g/kWh or g/km], (ECE R49)
•Ambient Aerosol Monitoring [µg/m3]



Ambient Aerosol Monitoring 

www.bgiusa.com/



Ambient Aerosol Monitoring 
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http://www.quality-tuning.com/the-particulate-
emissions-in-diesel-engines

Heat Engines [g/kWh or g/km]
•ICE,
•Gasturbines,



Particulate Sampling System (PM measuring)

DIRECTIVE  97/68/EC



Gravimetric 

www.bgiusa.com/



Gravimetric measurement
• Conditioning of the filter (24h)
• Weighting of the filter (M0)

• Sampling

• Conditioning of the filter (48h)
• Weighting of the filter (M1)

• Mass of the sample: M1-M0

filters are conditioned  and  weighed at 295 K  (22  °C)  ± 3  K, relative  
humidity  of  45  ± 8 % (DIRECTIVE  97/68/EC )



Atmospheric dilution and cooling of hot diesel exhaust may trigger the 
nucleation of new particles such as semi-volatile hydrocarbons and sulfuric 
acid. 

Imad A. Khalek:The Particulars of Diesel Particle Emissions



Partial Flow Dilution System

DIRECTIVE  97/68/EC



Partial Flow Dilution System

DIRECTIVE  97/68/EC



Full Flow Dilution System

DIRECTIVE  97/68/EC



Nanoparticles [particles/cm3]

Condensation Particle Counter (CPC)

GRIMM Aerosol Technic 



Photo Acoustic Soot Sensor 
(PASS)

https://www.youtube.com/watch?v=x5kvB4Jm-yI

continuous measurement 
highly-absorbent soot particles is irradiated 

with modulated light

periodic warming and cooling

expansion and contraction

sound wave

detection with microphones



Smoke - Opacimeter



Smoke - Opacimeter

Green LED, wave lenght: 550 - 570 nm

Full-flow system Partial-flow system



Filter Smoke Number

(FSN)

AVL



Components of the reflectometer head 
and measurement principle of the 
Filter Smoke Meter

AVL



Relationship between filter loading 
(FL) and paper blackening (PB).

AVL



AVL



AVL



AVL



AVL



AVL
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