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12:00 Opening

Welcome & housekeeping, moderator Rene Wyndham

Opening words

Prof. Riitta Kosonen, Director of the Northern Dimension Institute, Finland

Video Greetings from the EU, Norway, Russia, Iceland, UNECE, NDEP

Session 1: The strategies to reduce the environmental impact of black carbon emissions

12:30 Keynote presentation

Dr. Mikael Hildén, Director, Finnish Environment Institute (SYKE), the EU-funded Action on Black Carbon.

The multiple pathways needed to reduce emissions of black carbon affecting the Arctic

12:50 Commentary panel

Mr. Francois Wakenhut, Head of Unit, Clean Air, DG ENV

Dr. Veronika Ginzburg, Senior Scientist, Institute of Global Climate and Ecology

Mr. Vasiliy Zinin, Executive Director, Russian Natural Gas Vehicle Association

Dr. Shardul Agrawala, Head, Environment and Economy Integration Division OECD Environment Directorate

13:30 General Discussion, Q&A

13:50 Break 20 min



14:10 Session 2: Health effects of black carbon emissions and ways of reducing them 

Keynote presentation

Dr. Raimo O. Salonen, Chief Medical Officer, Finnish Institute for Health and Welfare (THL)

Health effects of black carbon in the Northern Dimension area

14:30 Commentary panel

Dr. Kaarle Kupiainen, Senior Specialist. Environmental Protection Department, Ministry of the Environment Finland

Dr. Tatiana Unguryanu, Professor, Northern State Medical University

Dr. Päivi Aakko-Saksa, Principal Scientist, VTT Technical Research Centre of Finland 

Dr. Zbigniew Klimont, Senior Research Scholar, International Institute for Applied Systems Analysis (IIASA)

15:15 General Discussion, Q&A

15:45 Conclusion

Mr. Jari Vilén, Ambassador for Barents and Northern Dimension, Ministry for Foreign Affairs of Finland



Opening words

Prof. Riitta Kosonen, Lead Coordinator of the Northern Dimension Institute, Finland

Video Greetings 

Mr. Rolf Einar Fife, Ambassador of Norway to the EU

Mr. Igor Kapyrin, Deputy Director of Department of European Cooperation, Russia

Mr. Emil Breki Hreggviðsson, Director, Directorate for International and Security 

Affairs, Iceland

Mr. Krzysztof Olendrzynski, Secretariat, Convention on Long-range Transboundary 

Air Pollution, Environment Division, United Nations Economic Commission for 

Europe

Ms. Ewa Manik, Principal Manager, EBRD, Northern Dimension Environmental 

Partnership





Director, Finnish Environment 
Institute (SYKE)

The EU-funded Action on Black 
Carbon 



Prof. Mikael Hildén

Finnish Environment Institute and the
EU funded Action on Black Carbon

The multiple pathways 
needed to reduce 
emissions of black 
carbon affecting the 
Arctic



An initiative sponsored by the European Union to contribute to the 
development of collective responses to reduce black carbon emissions in the 
Arctic:
• AMAP Secretariat
• Carbon Limits
• Environment Agency Austria (UBA)
• Finnish Environment Institute (SYKE)
• International Institute for Applied Systems Analysis (IIASA)
• Norwegian Institute for Air Research (NILU) 
• Swedish Environmental Research Institute Ltd. (IVL)
https://eua-bca.amap.no/
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EU funded Action on Black Carbon in the 
Arctic



Black carbon is emitted from many sources
and has multiple effects
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Credit: American Geophysical Union 2013. Credit D. W. Fahey

Black carbon is an issue for
• Air quality
• Health
• Climate change



The eight members of the Arctic Council and the 
observer countries cause half of the arctic burden 

of black carbon



A roadmap helps in navigating complex environments with many actors and processes 

http://www.northerndimension.info/images/NDI_Future_Forum_2020/summary-of-the-roadmap-19-11-2020.pdf

To deal with the complexity of black carbon
emission reductions international co-
operation is needed
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http://www.northerndimension.info/images/NDI_Future_Forum_2020/summary-of-the-roadmap-19-11-2020.pdf
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Areas for existing and potential cooperation
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Monitoring of emissions

Monitoring of BC in the Arctic



• The emitters: large point sources vs small scale diffuse
operations

• Negotiations and commitments vs nudging of behaviour

• The institutions: International organisations vs primarily
domestic and local authorities

• Standards and protocols vs criteria for design

• Frequency of emissions: Continuos vs accidental
• Change in operations and technology vs emergency response
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The areas of action differ in nature and thus
possible action and co-operation will be different



• Harmonization of regulation and criteria: stimulation of innovation

• Sharing and joint development of information systems: data exchange
and interoperability

• Exchange of good practice and material for awareness raising and 
development of skills, including emergency response

• RDI for low emission technologies and practices

→ Joint policy development at a transnational level

14

Common co-operative actions



• How much BC is emitted where? – correct focus of actions to reduce
emissions: finding the joint cost effective solutions.

• Improved mandatory and voluntary reporting

• What and how much BC reaches the Arctic? → ”Full implementation 
of currently available technologies could reduce global anthropogenic 
BC emissions by 70 % from 2010 levels by 2030” 

• How will this be reflected in the Artic? - tracking the global effectiveness of 
the actions taken

15

Joint monitoring is a base for evaluation and 
learning
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The result of implementing the roadmap is a 
socio-technical change that reduces emissions

Arctic Council

UNFCCC-Paris Agreement

UNECE Air 
Convention

OECD

IPCC

IMO

WMO

EU

Climate and Clean Air Coalition

Em
is

si
o

n
s

2030

The change is based on international collaboration in
• agreed or harmonized policies
• RDI, piloting and demonstration
• monitoring, evaluation
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Thank you!

mikael.hilden@ymparisto.fi
Finnish Environment Institute (SYKE)
bradley.matthews@umweltbundesamt.at
Environment Agency Austria (UBA): 
stefan.astrom@ivl.se
Swedish Environmental Research Institute Ltd. 
(IVL)

Project website
https://eua-bca.amap.no/ 

mailto:mikael.hilden@ymparisto.fi
mailto:bradley.matthews@umweltbundesamt.at
mailto:stefan.astrom@ivl.se




Head of Unit, Clean Air, DG 
ENV 



EU clean air policy -
black carbon emissions

ND Future Forum on Black Carbon and the Environment

24 November 2020



The European Green Deal
zero pollution actions

The
European

Green 
Deal 

The
European

Green 
Deal 

And leave  
No one behind 

Transforming the 
EU’s economy for a 
sustainable future

Mobilising research 
and fostering innovation

The EU as a 
global leader

A European 
Climate Pact

A zero pollution ambition 
for a toxic-free environment

Financing the transition

Supplying clean, affordable 
and secure energy

Increasing the EU’s Climate ambition 
for 2030 and 2050

Accelerating the shift to sustainable 
and smart mobility

Building and renovating in an energy 
and resource efficient way

From ‘Farm to Fork’: a fair, healthy 
and environmentally friendly food 

system 

Leave no one behind 
(Just Transition)

Preserving and restoring ecosystems 
and biodiversity

Mobilising industry 
for a clean and circular economy

• Zero Pollution Action Plan 
for air, water and soil in 2021

• Address industrial pollution
from large installations in 
2021

• Chemicals strategy for 
sustainability in 2020



Zero Pollution Action Plan - scope

Prevent and reduce 

pollution to waters 

and oceans and 

facilitate remediation

Prevent and reduce 

air and noise pollution

Prevent and reduce 

soil pollution and 

facilitate remediation



National Emission 
Ceilings Directive 

National emission totals 
(SO2, NOx, VOC, PM2.5, NH3)

Ambient Air Quality Directives

Maximum concentrations of 
air polluting substances

(PM10, PM2.5, SO2, NO2, CO, O3 + 6 more)

Source-specific 
emission standards

- IED Directive 
- MCP Directive 
- Eco-design Directive
- Energy efficiency
- Euro and fuel standards

REDUCING 
EMISSIONS OF
POLLUTANTS

SETTING OBJECTIVES 
FOR GOOD AIR QUALITY 

-79% -63% -40% -49% -19%

EU-28 reduction targets btw. 
2005 and 2030

Clean air for all - the EU policy framework



PM2.5 emissions 2005-2018 in the EU (-26%)

For comparison: SO2 emissions -73%



Senior Scientist 

Institute of Global Climate 
and Ecology 



Executive Director 

Russian Natural Gas Vehicle 
Association



TRANSFORMATION OF TRANSPORTATION

Natural Gas Vehicles Association of Russia

Vasiliy Zinin



www.ngvrus.ru

Current Trends of Transformation

Technological Operational

1. Dispatching optimization
2. Outsourcing of logistics & 

transportation
3. “Uberization” – rising 

complexity of value 
added chain

4. Sharing economy 
5. New urbanistic 

approaches

1. Alternative fuels
• NGV
• BEV
• FCEV (Hydrogen)

2. Unmanned 
technologies

3. New types of 
transport



www.ngvrus.ru

Sustainable Development Approach

Environmental 
optimization

Social 
optimization

Economical 
optimization

Prioritization of indicators:

• Emissions (not only CO2 but mainly

PM, SOx, NOx, benzopyrene,

aldehydes etc)

• Cost of transportation

• Unemployment

• Taxes & public debt

• Life expectancy



www.ngvrus.ru

Structure of the Transportation Sector 

(incl off-road machinery)

Network covers the area for limited

logistic routes

Pointed covers closed logistic routes

Highway covers the main

transportation routes between

agglomerations

Types of infrastructure:

Type of infrastructure

Segment

Type of fuel

River vessels

Aircraft and 

Space machinery

Sea vessels

Railroad

Road 

trucks

Agricultural 

machinery
Communal 

machinery

Special machinery
Quarry

Buses 

LCV

LNG

CNG

Cars (incl 

taxi &. 

sharing)

Alternative fuels implementation

could be easier if we use complex

approach and include CNG, LNG

and hydrogen in one multi-fuel

station (MFS). This will optimize a

capital expenditures for basic

infrastructure.

There is a call for typical design

solutions of MFS including

harmonization of technical

requirements for such assets.

H2

Implementation of the Hydrogen

as a fuel

BEV
Implementation of the Battery

electric vehicles

H2

H2

H2

H2

H2
H2

H2

BEV

BEV

BEV



www.ngvrus.ru

Saint Petersburg, 

Kirochnaya st., 64

web@ngvrus.ru

www.ngvrus.ru

Thank you for attention!

Natural Gas Vehicles Association

Russian Federation



Head, Environment and 
Economy Integration Division 

OECD Environment Directorate





14:10 Session 2: Health effects of black carbon emissions and ways of reducing them 

Keynote presentation

Dr. Raimo O. Salonen, Chief Medical Officer, Finnish Institute for Health and Welfare (THL)

Health effects of black carbon in the Northern Dimension area

14:30 Commentary panel

Dr. Kaarle Kupiainen, Senior Specialist. Environmental Protection Department, Ministry of the Environment Finland

Dr. Tatiana Unguryanu, Professor, Northern State Medical University

Dr. Päivi Aakko-Saksa, Principal Scientist, VTT Technical Research Centre of Finland 

Dr. Zbigniew Klimont, Senior Research Scholar, International Institute for Applied Systems Analysis (IIASA)

15:15 General Discussion, Q&A

15:45 Conclusion

Mr. Jari Vilén, Ambassador for Barents and Northern Dimension, Ministry for Foreign Affairs of Finland



Chief Medical Officer

Finnish Institute for Health 
and Welfare (THL) 



FINNISH INSTITUTE FOR HEALTH AND WELFARE

ENVIRONMENTAL HEALTH UNIT, KUOPIO, FINLAND

Health effects of black carbon in  
the Northern Dimension area

Raimo O. Salonen
MD, PhD, Chief Medical Officer,  

Adjunct Professor in Environmental Health
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Combustion processes and exposures to ambient air  
PM2.5 tie up together in the large Global Burden of  
Disease (GBD) assessment for 2015 (with WHO)

3
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Comparative risk assessment of the burden of disease (= pre-
mature mortality + loss of healthy life years) attributable to 79
different non-accidental causes of death in 1990-2015 (Cohen
et al., Lancet 2017)

❖ Long-term exposure to ambient air fine particles (PM2.5) estimated
globally as the 5th most powerful risk factor for burden ofdisease
❖ About 4.2 million premature deaths (7.6% of total deaths) in 2015

compared to 3.5 million in 1990

❖ Premature deaths mainly due to cardiovascular causes (coronary  
heart disease, vascular events in the brains) and respiratory causes  
(chronic obstructive pulmonary disease, pneumonia, lung cancer)

❖ Vigorous actions on major combustion sources have reduced PM2.5-
associated mortality in developed countries: coal combustion,  
residential heating with solid fuels, tail-pipe emissions from road  
traffic etc.



Estimated annual average PM2.5 concentrations in  
various regions of the world in 2005

Estimates of PM2.5 exposure in the Global Burden of Disease Study generated for 0.1 x 0.1

( 11 km x 11 km) grid cells by a combination of satellite observations of ground-level

aerosol optical depth and TM5 global atmospheric model. Calibration with prediction model

incorporating surface measurements of PM2.5 (Brauer et al. 2012).

3
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Combustion-derived BC represents mainly impure elemental carbon  
(EC), but occasionally other dark materials in PMx (e.g.minerals).

BC is optically measured dark material in emitted, cooled solid soot  
(common mean PM diameters 0.01 – 0.1 µm = 0.00001 – 0.0001 mm),  
or in local atmospheric PM (common diameters 0.3 – 0.6 µm) after  
incomplete combustion process.

In emissions and the atmosphere, BC indicates an EC-based core of  
an aerosol mixture that always contains adsorbed, poorly water-
soluble organic compounds (e.g. PAHs, other POPs) but also other  
solid (e.g. metals) and liquid constituents (e.g. acids) depending on  
place, daily time, and meteorology at the time of emission release,  
and later the age and trajectory of the aerosol in the atmosphere.

BC is an easy-to-measure universal, nonspecific indicator of  
incomplete combustion processes. As EC has very low toxicity in  
human and animal studies, it is the adsorbed organics and other  
constituents that cause the harmfulness of the aerosol mixture.

3
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What is black carbon (BC) in emissions from
incomplete combustion processes and in the
resulting local atmospheric aerosol?



Hourly PM2.5 (µg/m3) and NO2 (µg/m3) concentrations on  
all workdays in 2019 in different microenvironments in  
the Helsinki Metropolitan Area

Mäk – busy traffic in streetcanyon Pir & Var – residential areas with prevalent wood-fired heating

v

PM2.5 indicates best long-range transported particulate mixtures without any preference to  

emission source. It recognizes relatively well the local busy hours in traffic from 6:00 to  

11:00 in the mornings (see: Mäk- & Pir-stations) but not at all those from 15:00 to 19:00 in  

the afternoons, when compared to NO2. PM2.5, but not NO2, indicates the evening-night  

time local wood burning for residential heating from 18:00 onwards (see: Pir-station).

PM2.5 µg/m3

Daily hours

NO2 µg/m3

Daily hours

PM2.5 µg/m3 NO2 µg/m3

Daily hours Daily hours

Helsinki Region Environmental Services 2020
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Hourly BC (µg/m3) and PNC (counts/cm3; PM mainly <0.1
µm) concentrations on all workdays in 2019 in different  
microenvironments in the Helsinki Metropolitan Area

Mäk – busy traffic in streetcanyon Pir – residential area with prevalent wood-fired heating

BC indicates best out of all commonly measured particulate parameters the impacts  

on local AQ from both main types of low-level combustion sources: (1) nearby tail-pipe  

emissions from cars during the local busy hours in traffic from 6:00 to 11:00 in the mornings  

(see: Mäk- & Pir-stations) and from 15:00 to 19:00 in the afternoons (see: Mäk-station) and

(2) the chimney-top emissions from residential heating with wood during the evening-night  

time from 18:00 onwards (see: Pir-station). PNC does not indicate the latter at all.

. PNC – PM number concentration
BC µg/m3

Helsinki Region Environmental Services 2020
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Monthly thoracic (PM10) and fine particulate matter (PM2.5)  concentrations 
(µg/m3) in 2019 in different micro- environments in the Helsinki Metropolitan
Area

Mäk – busy traffic in streetcanyon Pir & Var – residential areas with prevalent wood-fired heating

The general patterns of variations in monthly average PM10 and PM2.5 concentrations are  

dominated in every AQ monitoring station by the typical 3-month-long resuspended road dust  

periods in springtime and the 2-month-long periods in late autumn-early winter, both caused  

by local traffic. Higher levels of PM2.5 in Jan-March than in July-October likely indicate larger  

contributions by long-range transport and local combustion aerosols.

Months in 2019 Months in 2019

PM10 µg/m3 PM2.5 µg/m3

Helsinki Region Environmental Services 2020
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Monthly BC (µg/m3) and PAH indicator compound benzo-
[a]pyrene BaP (ng/m3) concentrations in 2019 in different
microenvironments in the Helsinki Metropolitan Area

Mäk – busy traffic in streetcanyon Pir-Pal-Var – residential areas with prevalent wood-fired heating

Months in 2019 Months in 2019

The variations in monthly average BC concentrations in Pir-station followed clearly  

the BaP concentrations measured in Pir-Pal-Var stations. The corresponding variations  

between monthly BC and BaP concentrations in Mäk-station did not follow well each  

other. The BaP levels in Mäk-station were generally clearly lower than those in Pir-Pal-Var  

stations despite the higher BC levels. Var-station is close to the sea.

BC µg/m3 BaP ng/m3

Helsinki Region Environmental Services 2020

4

3



Combustion-derived BC corresponds mainly to impure EC, although it  
indicates QUALITATIVELY BUT NOT QUANTITATIVELY the whole combustion  
aerosol. The ratios of the measured EC or optically assessed BC mass to  
particulate organic matter (POM) in local atmospheric PM2.5 vary greatly  
depending on completeness of nearby combustion processes: in  
microenvironments of busy traffic with modern cars EC/BC 1 : POM 1-2 and  
in residential areas with prevalent wood-fired heating EC/BC 1 : POM 3-5.

From incomplete combustion of carbonaceous  
fuels to appearance in PM2.5 size-range mixture

Poor burning of  

firewood or forest  

in nature

9

Convential burning of

oil or pellets without

emission after-treatment

Complete combustion

of e.g. pellets

Kochbach Bølling et al. 2009



The EU-funded PAMCHAR project investigated heterogeneities in  
physicochemical and toxicological characteristics of size-segregated  
(PM0.2, PM0.2-2.5, PM2.5-10) urban air particulate samples collected by  
using a high-volume and other cascade impactors in 7-week sampling  
campaigns in six European cities that were purposefully selected due  
to their contrasting features in emission sources, climate and season.

Salonen 2007
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EC and total particulate organic matter (POM) contents  
and sources in PM2.5 and PM10-2.5 samples collected in  
the PAMCHAR project (Sillanpää et al., ACP 2005)
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Note over 8-fold difference in y-axis scales between EC and POM
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Carbonaceus compounds contributed to 27-60 % of the PM2.5 mass. EC-to-POM  ratio was 1:10 in PM2.5 from a 

suburban residential area in Prague with ample small- scale wood and coal burning for residential heating during 

wintertime. Barcelona  (spring) and Amsterdam (winter) had the lowest EC-to-POM ratios of about 1:3-4  despite 

identified local influences from oil combustion in harbours and busy traffic.



PAH compound concentrations (ng/m3) in PM0.2, PM0.2-2.5 and PM2.5-10

size ranges in six European cities with purposefully selected
contrasting features during 7-week PM sampling campaigns
(emission sources, season) (Saarnio et al., Atmos Environ 2008)

Note up to 10-fold differences in y-axis scales between cities a) to f). Red lines show the  

4- to 6-ring genotoxic and/or potentially carcinogenic PAH compounds adsorbed on EC.
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Map of concentrations of the indicator compound of genotoxic  
and/or potentially carcinogenic PAHs, benzo[a]pyrene (BaP),  
measured in 714 stations in 24 EU member states in 2017 (EEA2019)

The EU target value of 1 ng/m3 was exceeded in 31 % of the reported BaP  

measurement stations in 13 countries. The WHO reference level is 0.12 ng/m3.

48



Benzo[a]pyrene (BaP) concentrations (ng/m3) in the  
EU member states in 2017 (EEA 2019).

The graph shows the annual mean concentration values. For each country, the number of  

stations considered (in brackets), and the lowest, highest and average values (in ng/m3)  

recorded at its stations are given. The rectangles mark the 25th and 75th percentiles. The  

WHO reference level BaP 0.12 ng/m3 refers to an additional lifetime lung cancer risk  

of approximately 1 case in 100 000 population caused by outdoor air PAH mixtures.

BaP (ng/m3)
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Ultrafine solid PM (diameter ≤ 0.1 µm) via the nasal route to the brains and fine solid PM  
(diameter ≤ 2.5 µm) via lung periphery cause tissue damage, inflammation, genotoxic  
changes etc. to sensitive targets of the human lungs, blood and other organs like the heart  
and the brains. Water-soluble constituents are quickly released from their solid carriers, while  
the EC/BC core bound lipid-soluble species are released more slowly after intake of these solid  
PM to lung epithelial cells or phagocytic inflammatory cells.

How do toxic agents adsorbed on elemental  
carbon enter the human body?

Heusinkveld et al. 2016
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Respiratory tract: Impaired defence against viral and bacterial  
infections, asthma, chronic bronchitis

Blood circulation: Low-level inflammation, venous thrombosis,  
arterial thickening, increased blood pressure, vascular events in the  
brains

Heart: Cardiac infarction and arrhytmias

Brains: Increased risk of Alzheimer’s disease, impaired learning of  
cognitive skills in children

Metabolic system: Type 2 diabetes

Cancer: Lung cancer, possibly other cancers from high exposures  

Disabilities in daily life due to chronic diseases

Shortened life expectancy by up to 10 years in susceptible groups

51

Clinical outcomes from acute and chronic  
exposures to atmospheric PM pollution



Special case
Small-scale solid fuel burning (wood, other biomass,  

coal) for residential heating and/or cooking inside living  
rooms may pose considerably increased personal  

exposures and health risks even in developed countries

52

❖ Greatly increased close-neighbourhood concentrations of PM2.5,  
BC and PAHs that are usually not measured by authorities.

❖ Heating and exposing oneself, own family and the neighbours
take place at times, when most people are at home for long times.
❖ Direct release of BC, PNC, PAHs, VOCs into living rooms every time, when  

opening the insulated metal or glass door of a heat-storing masonry heater or oven,  
if not enough supply air is given for burning during wintertime (common error in
well-insulated houses).

❖ Outdoor-to-indoor infiltration of one’s own and others’ poorly diluted close-
neighbourhood emissions

❖ Use of logwood in densely built older residential areas has increased  
substantially along with widespread wrong thinking that “all biomass energy  
is a great climate act” – one should remember poor women’s severe health  
problems in unvented African huts!

❖ About 61000 premature deaths annually in Europe attributable to wood and
coal burning for residential heating (Chafé et al. / WHO 2015).



Weekly indoor-to-outdoor ratios (%) of the continuously  
measured parameters PM2.5 and BC, and of PAHs and  
levoglucosan analysed from collected PM10-samples.

Pulkkinen et al. 2017 (in Finnish)
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The residents’ usual  2-hr heating of oven(s) and sauna stove in  
a renovated, naturally ventilated 1953 single family house in  
wintertime with continuous follow-up measurements.

PM2.5 – house 10, heating test 1

54

BC – house 10, heating test 1

Taimisto et al. 2019 (in Finnish)

Continuous AQ monitoring in bathroom (next to sauna – brown graph), living room (green graph)  

and outside in the yard of the house (violet graph). Personal monitors in resident’s backpack.

PM monitors calibrated with reference equipment, weekly PM10 sampling for PAH analyses.



Current estimates of mortality and morbidity due to long-term  
exposures to close-neighbourhood smoke from small-scale burning  
of wood or coal for residential heating may be underestimated.
❖ High-level direct exposures of the person performing wood-fired heating and the  

family members to toxic smoke constituents (PM2.5, PAHs and other POM, and VOC  
gases) during and for hours after the heating operation in part of the houses (this  
can go unnoticed in relatively good combustion).

❖ About half of combustion-derived BC and 20-25 % of 4- to 6-ring genotoxic and  
potentially carcinogenic PAHs infiltrate from outdoors to indoors in the evenings,  
when the residents are at home for long times.

Continuous PM2.5 and BC measurements and PAH-analyses should be  
made more widely in densely built, older residential areas favouring  
wood-fired heating, in order to recognize areas of high exposures and  
to be able to inform the residents about local air pollutionproblems.
❖ Replacement of old, much polluting wood combustion installations to locally less  

polluting and truly climate-friendly heating systems should be subsized in the same  
manner as old oil-fired systems are currently done.

❖ Influential, correct information to the public should be increased.
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Conclusions and recommendations



WHO / UNECE CLRTAP Task Force on Health

Janssen N, Gerlofs-Nijland ME, Lanki T, Salonen RO, Cassee F, Hoek G, Fischer P, Brunekreef 

B, Krzyzanowski M. Health effects of black carbon. Copenhagen: WHO Regional  Office for 

Europe. Report for the Joint Task Force on Health of the WHO and UNECE  Convention on 

Long-range Transboundary Air Pollution, 2012, vii+86 p.  http://www.euro.who.int/en/what-we-

publish/abstracts/health-effects-of-black-carbon
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Sufficient evidence of an association of short-term  

(daily) variations in BC concentrations with short term  

changes in health (all causes and cardiovascular  

mortality, cardio-pulmonary hospital admissions).

Sufficient evidence of associations of all causes and

cardio-pulmonary mortality with long-term average BC

exposure.

http://www.euro.who.int/en/what-we-publish/abstracts/health-effects-of-black-carbon




Senior Specialist

Environmental Protection 
Department, Ministry of the 
Environment of Finland 



Black carbon from a national 
regulators perspective

Dr. Kaarle Kupiainen, 

Senior Specialist

Ministry of the Environment Finland

Northern Dimension Future Forum - Curbing Black Carbon 

Emissions in the Northern Dimension Area

24 November, 2020
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How do our national policies address black carbon?
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Black carbon emissions have declined

8.12.2020 61

Finland’s 2020 national

submission to the Artic Council



Finland is active in 
key international fora
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Thank you for your attention!
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Black carbon and 
health effects

Tatiana Unguryanu

Northern State Medical University 

Arkhangelsk, Russia



Particulate matters (PM)

Black carbon

Annual average total suspended particulate (TSP) 

concentrations in 229 Russian cities, 2019 

- below MPC

MPC −maximum permissible concentration

- above MPC in 1.1 – 2.0 times - above MPC in 2.1 – 4.0 times

Source: Air pollution in Russian cities, 2019. Yearbook  

Air pollution monitoring in Russia, 2019:

• TSP – 229 cities

• PM10 – 8 cities

• PM2.5 – 6 cities

• Thoracic particles [PM10] < 10 μm 

• Coarse particles [PM10 to 2.5] 10 – 2.5 μm

• Fine particles [PM2.5] < 2.5 μm

• Ultrafine particles [UFPs] < 0.1 μm

Source: Brook RD et al. Air pollution and cardiovascular disease. Circulation. 

2004 Jun 1;109(21):2655-71.

Particulate matter air pollution size distribution

Russia

Mongolia
Kazakhstan

Finland



Access to centralized household facilities, 
floor space dwellings (%)

Area Central heating Hot water supply Gas stoves Electric stoves

Russia urban 93 83 64 30

rural 71 40 74 8

Arkhangelsk 

region

urban 85 78 61 21

rural 20 8 18 4

Source: Federal State of Statistic Service of the Russian Federation, 2019



People at risk and black carbon health effects

Pregnant women

Have heart and 

lung diseases, 

diabetes

Elderly people

Infants & children 

Cardiovascular diseases

Pulmonary diseases

Nerves system effects

Premature death



Black carbon and cardiovascular effects

Mortality

Emergency 

department visits 

and hospital 

admissions

Ventricular
repolarization

0.5–7.3 mm Hg per 1 
μg/m3 increase in
BC/EC

Systolic 
blood 

pressure
0.4–8.9 mm Hg per 1 
μg/m3 increase in 
BC/EC

Diastolic 
blood 

pressure

Hazard ratios for incident stroke due to long-term exposre to BC 

on meta-analyses of four cohorts from Gothenburg, Stockholm, 

and Umeå (Ljungman P. et al., 2019)

Source: Magalhaes S. et al. Impacts of exposure to black carbon, elemental carbon, 

and ultrafine particles from indoor and outdoor sources on blood pressure in adults: A 

review of epidemiological evidence. Environ Res. 2018 Feb;161:345-353.

Arrhythmia

Changes 

in blood 
pressure

Endothelial 
dysfunction

Blood 

markers of 
inflammation

Heart 

rate 
variability

s

e

v

e

r

i

t

y

Source: Brown AC. Health effects of particulates and black carbon, 2013



Thank you for your attention!



Principal Scientist 

VTT Technical Research 
Centre of Finland



Black Carbon emissions 
from shipping

Päivi Aakko-Saksa, VTT
Northern Dimension Future Forum, 24.11.2020

08/12/2020 VTT – beyond the obvious



Ships travel close to coast where dense
population lives

http://www.marinetraffic.com/en/ais/home



Black carbon emission warms the climate

BC emission is a major contributor to 

warming of Arctic climate. Even small 

deposits of BC on snow and ice accelerate 

melting by reducing the reflectivity. 

Opening of Northern sea routes increasingly 

extend ship BC emissions to the Arctic. 

Ships bring BC to most vulnerable Arctic 

regions.

8.6.2016 / Päivi Aakko-Saksa VTT



Ship PM consists of warming and cooling 
species – all harmful to health and environment

08/12/2020 VTT – beyond the obvious

Lowering sulphur content of marine 

fuels leads to dilemma: 

PM cooling species (sulphates etc.) 

reduce more than warming BC.

Ref. Aakko-Saksa et al. J. Aerosol Sci. 126 (2018) 191–204

C
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lin

g
 s
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e
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ie

s
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o
lin

g

C
o
o

l.

Marine diesel engine @ 75% load

Fuel Fuel Fuel
Scaling:

• Diesel engine BC e.g. 5-15 mg/m3 

• LNG engine BC e.g. 1 mg/m3

• Ambient BC e.g. 0.001-0.020 mg/m3 

“Cleaner fuels for ships provide public health 

benefits with climate tradeoffs” 
Sofiev et al. Nature Comm. Nat Commun 9, 406 (2018).



Curbing BC emissions from shipping

77

Technology options e.g.:

 Cleaner fuels 

 Exhaust aftertreatment
(diesel particulate filters, DPF)

 Hydrogen, batteries

Policy options e.g:

 BC emission limit for ships 
(globally or regionally)

 Shore power mandate

 HFO ban

Timeline

Aakko-Saksa. Control measures of black carbon emissions from marine

diesel engines. Research Report VTT-R-06900-18.

BC near-to-zero (&towards non-fossil fuels) BC-free & C-free

Dashed lines = BC reduction potential limited or not evidenced



The IMO work on BC emissions from marine 
engines

08/12/2020 VTT – beyond the obvious

 2015: Definition of BC according 

to Bond et al. (2013), see 1st ICCT BC WS

 2018: BC measurement methods, 

see 4th ICCT BC WS

 2019: BC Control measures, 

see 5th ICCT WS

Sulphur regulation speeds up need for control of 

ship BC emissions IMO’s global 0.5% fuel sulphur 

content regulation in 2020 reduces cooling feature of 

ship exhaust, while warming BC emissions remains. 



Conclusions

08/12/2020 VTT – beyond the obvious

Curbing ship BC emission needs 

to speed up due to its climate 

impact

The IMO’s global 0.5% fuel 

sulphur content regulation in 

2020 reduces cooling feature of 

ship exhaust, while warming BC 

emissions remains.

Curbing ship BC and PM 

emissions needs to speed up 

due to their adverse health and 

environmental impacts

Increasing shipping along with 

opening of Northern sea routes 

threathen the people and 

vulnerable nature in the Arctic. 



Thank you!

https://projects.tuni.fi/bcfootprint/

Päivi Aakko-Saksa

firstname.surname@vtt.fi

http://www.vtt.fi/sites/sea-effects

Black carbon research project examples from Finland –
covering emissions from shipping.   

http://www.vtt.fi/sites/sea-effects


Senior Research Scholar

International Institute for 
Applied Systems Analysis 
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Assessment of regional and global  
potential for black carbon mitigation

Zbigniew Klimont
Senior Research Scholar, Air Quality and Greenhouse Gases (AIR)

Nordic Dimension Future Forum
“Curbing Black Carbon Emissions in the Northern Dimension Area”  

November 24, 2020

This project is funded by the EuropeanUnion
The Action is implemented through the EU Partnership instrument providing

1.5 billion million EUR funding for Action implementing during 2018-2020



Global reduction potential and share of
Arctic Nations emissions of BC (change relative to 2015)
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This project is funded bythe
European Union

The Action is implemented through the EU Partnership  
instrument providing 1.5 billion million EUR funding for  

Action implementing during 2018-2020
Source: GAINS model



Global and Arctic Nations emissions of CO2 and BC
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Policy failure

Mitigation potential  
(ambitious)

Paris Agreement path;  
Incl. clean cooking

This project is funded bythe
European Union

The Action is implemented through the EU Partnership  
instrument providing 1.5 billion million EUR funding for  

Action implementing during 2018-2020
Source: GAINS model

Paris Agreement path;  
Incl. clean cooking



2030 Potential 2030
Stated from with max
policies additional reductions  

measures
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BC emission trends and estimated mitigation potentials  
Arctic Council countries
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This project is funded bythe  
European Union

The Action is implemented through the EU Partnership  
instrument providing 1.5 billion million EUR funding for  

Action implementing during 2018-2020



CICERO / Sand et al., Nature Clim. Change, 2016

1) Residential combustion
2) Energy/industry/waste
3) Transport
4) Agricultural waste burning
5) Forest fires
6) Gas flaring

Arctic temperature impact of unit emissions (by region/sector)



Senior Ambassador for Barents 
and Northern Dimension

Ministry for Foreign Affairs of 
Finland



The Northern Dimension 

Institute 

The EU-funded Action on Black 
Carbon 

 




