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3 million 
people die as a 

result of 
ambient air 

exposure 
(WHO) 

7 million 
people die 

yearly due to 
air pollution 

related  
diseases – 1/9 

deaths

95% of the 
world 

population is 
breathing 

unhealthy air 

4 million people 
die as a result of 

household 
exposure (WHO)





Air pollution

Particulate Matter 

(PM)

Anthropogenic  
(created by man)

Vehicle 
exhaust

Construction
Power 

generation
Other 

Industry

Natural 
sources

Forest fires Pollen
Windblown 

soil and 
sand

Volcanoes

Molecular

(gas or 
vapour)

Air pollution- type, source and significant examples  



The air we breathe

Humans drink 2 kg 
fluids/day

We spend up to 90% of our life 
indoors. This means that indoor 
air quality (IAQ) can substantially 
influence our health.

The indoor environment can 
be up to 50 times more 

polluted than outdoor air.

Humans eat 1 kg 
food/day

Humans breathe 15 kg 
air/day



Air pollution reporting 

▪ Many governments and NGOs publish real-time 
data about PM

▪ Most commonly reported are PM10 and PM2.5 

▪ PM10 all particles =/< 10µm          (1µm = 
0.001mm)

▪ WHO published air quality guidelines (AQG) in 
2005, including PM10 and PM2.5



PM1 FOCUS 
▪ By orders of magnitude, the number of PM1 > number PM2.5  > PM10

▪ Scientific and medical community are increasingly realising the risk of PM1 to human health
▪ Especially particles from combustion processes
▪ A 2016 study linked PM1 polyaromatic hydrocarbons (PAH), mutagenicity  and  removal from city air by filtration

▪ Ultrafine metallic particles linked to Alzheimer’s

▪ 06 September  2016

▪ Researchers at Lancaster, Oxford and Manchester universities.

▪ Report a link between ultrafine (<0.1 µm) metallic particles reaching the brain and onset of Alzheimer’s Disease. 

▪ The metallic particles appear to have been exposed to high temperature (fused).

▪ The suspected source of the particles is diesel engine emissions. 

Prof David Allsop et al, Proceedings of the National Academy of Sciences

▪ WHO are currently consulting on new AQGs – to supplement PM2.5 and PM10 reporting.



PM1 particles are the most dangerous

Ultrafine < 0,1µm & Nano < 0,05µm

Or to be more precise:

The smallest of PM1

particles
are the most dangerous



PM10 Size <10μm 
Coarse particles. 

Upper respiratory tract

PM1 Size <1μm
Inhaleable particles

Alveoli

Size <0.1μm
Ultrafine particles. 

Bloodstream / whole body

PM2.5 Size <2.5μm
Fine particles. 

Lower respiratory tract

Penetration of pm (particulate matter) into the body



PM (particulate matter)

Nitrogen dioxide (NO2)

Ozone (O3)

Sulphur dioxide (SO2)

Probable that future WHO Air Quality Guidelines 
will focus on ultra fine particles (<0.1µm)

Ultrafine particles correlate with nitrogen dioxide 
concentrations 



THRESHOLD IN UAE



ISO 16890
Air Filters for General Ventilation



INTRODUCTION 

USA

ASHRAE 52.2

Europe

EN 779:2012

Middle East 
/ Asia

ASHRAE 52.2, EN779 
and local standards

Global situation

A significant harmonisation for the air filtration industry has been recently adopted.

A new standard for filter testing and classification with global coverage.

ISO16890 “Air Filters for General Ventilation”



Why a new global standard? 
What are the customer benefits?

Recognition 
–

Air filters positively 
influence air quality 
and human health 

More intuitive 
–

Filter efficiency and 
classification aligned 

with real world air 
pollution 

Global applicability
–

Eliminate confusion



ISO 16890: 
Timeline



Filter test method

Discharging method

Filter loading method

Classification system

EN779:2012 ISO16890ASHRAE 52.2

Testing efficiency with 
0,4µm particles

Testing efficiency with 0,3- 10 
µm particles.

Classifications relate to  
results for 

E1, E2 & E3 efficiency classes 
– MERV rating

Testing efficiency with 0,3- 10 
µm particles.

Classifications relate to result 
for

PM1, PM2.5 & PM10 

Discharges filter media only, 
using IPA soak

Tough discharging method

Discharges entire filter
using IPA vapor

Tough discharging method

Discharges entire filter
Using KCL salt

Soft discharging method
(not mandatory – App. J)

Dustloading with ASHRAE 
dust

Coarse & sticky dust

Dustloading with ISO fine dust
Finer & less sticky dust

Dustloading with ASHRAE 
dust

Coarse & sticky  dust

49 classes 
in 

4 Filter Groups
9 Classes 16 Classes 

COMPARISON OF TEST STANDARDS



Part 1: Technical 

specifications, requirements 

and classification system.

Part  4: Conditioning method 

to determine the minimum 

fractional test efficiency.

Part 3: Determination of the 

arrestance and the air flow 

resistance versus the mass of 

test dust.

Part  2: Measurement of 

fractional efficiency. 

1 2 4

Measurement of 
fractional efficiency

Discharging 
method

Gravimetric test 
method (optional)

Classification 
system

3

ISO16890:  How Does it Work?
The standard is written in four parts:



ePM 1 ePM 2.5 ePM 10

0,3 – 1 µm 0,3 – 2,5 µm 0,3 – 10 µm

Corresponding to 
E1

ASHRAE 52.2 

Corresponding to
E2

ASHRAE 52.2

Corresponding to
E3

ASHRAE 52.2

ISO Coarse

ISO Fine Dust
Initial arrestance

Filters with 
ePM10 < 50%

Filter Classification
4 filter groups



ISO16890: CLASSIFICATION SYSTEM

Group 
Designation

Requirement Class 
reporting 

value
ePM1, min ePM2.5, min ePM10

ISO Coarse - - <50%
Initial grav. 
arrestance

ISO ePM10 - - ≥50% ePM10

ISO ePM2,5 - ≥50% - ePM2.5

ISO ePM1 ≥50% - - ePM1

Filter groups 



PM1 classification PM2,5 classification PM10 classification Coarse

ePM1[95%]

ePM1[90%]

ePM1[85%]

ePM1[80%]

ePM1[75%]

ePM1[70%]

ePM1[65%]

ePM1[60%]

ePM1[55%]

ePM1[50%]

ePM2.5[95%]

ePM2.5[90%]

ePM2.5[85%]

ePM2.5[80%]

ePM2.5[75%]

ePM2.5[70%]

ePM2.5[65%]

ePM2.5[60%]

ePM2.5[55%]

ePM2.5[50%]

ePM10[95%]

ePM10[90%]

ePM10[85%]

ePM10[80%]

ePM10[75%]

ePM10[70%]

ePM10[65%]

ePM10[60%]

ePM10[55%]

ePM10[50%]

Arrestance reported 
in 5% increments, 
starting at 5%.

Requirement: 
> 50% initial efficiency
> 50% discharged efficiency

Requirement: 
> 50% initial efficiency
> 50% discharged efficiency

Requirement: 
> 50% initial efficiency

No discharge requirement

No discharge 
requirement

ISO16890:  CLASSIFICATION TABLE



ISO 16890 TEST REPORT



Eurovent 4/23

Selection of ISO 16890 rated Air Filters for General 
Ventilation Applications



Eurovent 4/23

Recommendation for the selection 
of ISO 16890 rated air filters for 
general ventilation applications

Developed in a joint effort by the 
participants of the Eurovent 

Product Group ‘Air Filters

Published on 09 January 2018



Outdoor Air (ODA)
How clean is my 
Outdoor Air?

• 3 Outdoor Air Classes (ODA 
1-3)

• Based on WHO Thresholds:

• Annual mean for PM2.5 < 
10 μg/m3

• Annual mean for PM10 < 
20 μg/m3



Supply Air Classes (SUP)



Examples for Supply Air Classes (SUP)



Recommended Minimum Efficiency



Eurovent 4/21
Energy efficient air filtration 



ENERGY SAVING 
POTENTIAL WITH 

FILTERS 

• Filters are the 2nd largest 
contributor of Pressure 
drop in a HVAC air side 

• Rule of thumb says that 
70% of the energy bill 
comes from HVAC air side 

• Out of 70% - 20% is 
because of the filters 
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THE COST OF ENERGY 

 kWh/year
1000η

tdPq
E




=

q = Air flow (m3/s)

dP = Pressure drop (Pa)

t = Operating time (hours/year)

η = Fan efficiency (0,1 - 0,7)

Without reducing Indoor Air Quality (IAQ)?



Eurovent 4/21:2018 

Filters rated from A+ to E , A+ is 
the least energy consumed filter 
and E the highest 



CASE STUDIES 



Summary 

1/9 death is from air pollution 

Ultrafine particles are more harmful 

ISO16890 is a new global standard for testing and classification of air filters

Selecting ePM1 filters will result in improved air quality and lower health 
risk

Eurovent 4/23 provides hands on and effective advice for HVAC planners 
and manufactures of ventilation equipment to correctly design filtration

By selecting right filters, upto 20% of energy savings can be achieved 




