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What does the WGE do?

Monitoring and modelling (key parameters and 
indicators)  effects & trends  dose-response 

ex-post / testing scenarios

• ICPs/TFH/JEG study the effects of air pollution (S, N, O3, 
PM, HM &POPs) on materials, health and ecosystem 
receptors (chemistry & biology) 

• Critical loads, levels and dynamic modelling
• Large number of scientists involved (>200 in ICP V alone)
• Long-term collection of deposition, exposure, soil, plant, 

water and materials effects have allowed the analysis of 
ecosystems and buildings interaction with atmospheric 
pollutants

• Effect data needed for effectiveness and sufficiency, for the 
review and revisions of protocols
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Acidification
• Acidification still remains a 

problem in parts of Europe
• Chemical recovery in progress, 

but biological recovery slow and 
not widespread

• Critical loads exceeded 
• There still is a room for further 

emission cuts of acidifying air 
pollutants. Dynamic models are 
capable to provide arguments to 
continue efforts to reduce 
emissions.

Source CCE
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Effects of Airborne Nitrogen

Nitrogen remains a problem; 
acidification, eutrophication, formation 
of tropospheric ozone, particles 

• Contributes to acidification of lakes, growth of 
nuisance plants in freshwaters, algal blooms in 
marine waters

• Changes in species composition /abundance/ 
loss of species diversity in terrestrial 
ecosystems

• Increased susceptibility to other stresses 
(diseases, pests, frost, drought, wind)

• Effects soils and soil microbiological processes
• Adverse effects on human health and materials

Decline species richness in 
acid grassland UK (Stevens et al., 2004)
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Effects of Airborne Nitrogen - Eutrophication
• Reduction of exceedance of critical loads 

will not necessarily mean ecosystem 
recovery

• The historical status of ecosystems would 
not be a feasible target

• Ex-post analyses should be made with all 
available models and data to increase 
certainty in assessmentes

• In spite of current legislation, current N 
emissions and deposition continue 
causing adverse effects on the 
environment and human health. In the 
work to revise the Gothenburg Protocol, 
further N abatement measures are 
required, in particular measures 
reducing NH3 emissions
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Source CCE
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Ozone & vegetation

Production of ozone from NOx and 
NMVOCs results in:  

• Reduction in crop yield/quality,  decline 
in plant/tree growth, changes in species 
composition, and decline C-
sequestration

Flux-based approach recommended for use 
in IAM:

• Generic and crop species (7); yield and 
quality

• forest trees (2); flux-effect relationship 
on biomass

• (semi-)natural vegetation
• Co-benefits: Protection against effects 

on carbon sequestration and food 
security
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AOT40

O3 flux 
to crops

ICP V Expert Panel Meeting Flux-based 
assessment of ozone effects for air pollution 
policy  9-12 November, 2009, JRC-Ispra, Italy
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Fine particulate air pollution and life expectancy in 
the United States (Pope AC et al, NEJM 2009):

• A decrease of 10 µg/m3 of PM2.5  associated 
with increase of life 

• Reduction in air pollution accounts for 15% of 
overall increase in life expectancy  

Effects of biomass combustion
• Emissions PM2.5, VOCs (O3), CO
Smoke from forest fires and agricultural burning:
• increased respiratory hospital admissions & 

emergency room visits
• some evidence on increased incidence of 

respiratory symptoms and medication use 
• subjects with asthma most susceptible
Residential wood combustion:
• exacerbation of respiratory and CV disease
• acute respiratory infections in children and 

COPD in women (especially due to indoor 
exposures)

Health impacts of PM – an update
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Long-range 
transported 
PM2.5 from 
forest fires
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		ID		filter		m_alku		a_alku		a_kerroin_s		m_alku_noste		m_end		a_end		a_kerroin_e		m_end_noste		mass

		140		K140EW		69.419		1.1702059875		1.0013184103		69.5105227212		69.427		1.1815352207		1.0013311932		69.5194207494		8.8980282774

		176		K000EWBL1		67.1375		1.1878361795		1.0013383028		67.2273503047		67.142		1.2005524604		1.0013526514		67.2328197223		5.4694175135

		177		K000EWBL2		64.295		1.1878361795		1.0013383028		64.381046179		64.301		1.2005524604		1.0013526514		64.3879768395		6.9306605338

		178		K000EWBL3		56.0185		1.1878361795		1.0013383028		56.0934697158		56.0245		1.2005524604		1.0013526514		56.10028162		6.8119041672

		179		KEWBL4		70.7005		1.1307665889		1.001273913		70.7905662886		70.7025		1.1613198383		1.0013083841		70.7950060292		4.4397406523

		180		KEWBL5		53.341		1.1307665889		1.001273913		53.4089517952		53.3485		1.1613198383		1.0013083841		53.418300331		9.3485357344

		181		KEWBL6		56.071		1.1307665889		1.001273913		56.1424295778		56.0725		1.1613198383		1.0013083841		56.1458643693		3.4347915279

		182		KEWBL7		58.9895		1.2121871718		1.00136578		59.0700666819		58.994		1.1913737614		1.0013422944		59.0731873188		3.1206368151

		183		KEWBL8		62.23		1.2121871718		1.00136578		62.3149924922		62.238		1.1913737614		1.0013422944		62.321541722		6.5492297749

		184		KEWBL9		53.804		1.2121871718		1.00136578		53.8774844295		53.8105		1.1913737614		1.0013422944		53.8827295355		5.2451059572

		185		KEWBL10		63.251		1.2152866793		1.0013692776		63.3376081772		63.262		1.1815352207		1.0013311932		63.3462139434		8.6057662705

		186		KEWBL11		64.286		1.2152866793		1.0013692776		64.3740253795		64.295		1.1815352207		1.0013311932		64.380589066		6.5636865224

		187		KEWBL12		68.375		1.1713255477		1.0013196735		68.4652326722		68.382		1.1815352207		1.0013311932		68.4730296526		7.7969804097

		188		KEWBL13		63.489		1.1713255477		1.0013196735		63.5727847477		63.4975		1.1815352207		1.0013311932		63.5820274394		9.2426917617

		189		KEWBL14		61.7575		1.1794755725		1.0013288692		61.8395676415		61.763		1.173687128		1.001322338		61.8446715639		5.1039224484

		190		K147EW		67.272		1.1794755725		1.0013288692		67.3613956908		67.279		1.173687128		1.001322338		67.3679655805		6.5698896685

		191		KEWBL16		55.1755		1.1747330384		1.0013235181		55.2485257753		55.1835		1.1997352387		1.0013517293		55.2580931533		9.5673779417

		192		KEWBL17		58.9075		1.1747330384		1.0013235181		58.9854651451		58.914		1.1997352387		1.0013517293		58.9936357794		8.1706343461

		193		KEWBL18		65.69		1.1751238675		1.0013239591		65.7769708747		65.6945		1.2103425166		1.0013636985		65.7840874917		7.1166170516

		194		KEWBL19		62.3165		1.1751238675		1.0013239591		62.3990044986		62.3215		1.2103425166		1.0013636985		62.4064877366		7.4832380749

		195		KEWBL20		63.4175		1.1790529196		1.0013283923		63.5017433213		63.4215		1.2096200135		1.0013628832		63.5079360987		6.1927774274

		196		KEWBL21		61.1205		1.1790529196		1.0013283923		61.2016920041		61.1245		1.2096200135		1.0013628832		61.2078055559		6.1135518575

		197		KEWBL22		74.09		1.1833649044		1.0013332577		74.1887810615		74.098		1.1639776089		1.0013113828		74.1951708453		6.3897837923

		198		KEWBL23		70.6195		1.1833649044		1.0013332577		70.7136539908		70.6325		1.1639776089		1.0013113828		70.7251262481		11.4722573562

																						6.6908969179





PM2.5

		year		month		day		trend		EW		pem

		2005		11		15		1		2.2183219048

		2005		11		16		2		1.7179955438

		2005		11		17		3		8.0814086652

		2005		11		18		4		8.6444711252

		2005		11		19		5		1.6448353247

		2005		11		20		6		2.9684896126

		2005		11		21		7		7.1567573758

		2005		11		22		8		13.2820188683

		2005		11		23		9		6.0879889764

		2005		11		24		10		3.7733288171

		2005		11		25		11		6.3070667349

		2005		11		26		12		5.8893069959

		2005		11		27		13		2.9915509063

		2005		11		28		14		8.8860831905

		2005		11		29		15		4.1976254991

		2005		11		30		16		4.5468558099

		2005		12		1		17		7.7114797877

		2005		12		2		18		2.57905979

		2005		12		3		19		7.6293321486

		2005		12		4		20		3.8979241121

		2005		12		5		21		5.712391362

		2005		12		6		22		7.3050244163

		2005		12		7		23		7.6867076821

		2005		12		8		24		8.2791731305

		2005		12		9		25		4.2349137181

		2005		12		10		26

		2005		12		11		27

		2005		12		12		28		5.1195859819

		2005		12		13		29		1.6426825115

		2005		12		14		30		2.0294240606

		2005		12		15		31		3.6398761323

		2005		12		16		32		3.5862491205

		2005		12		17		33		2.8971283411

		2005		12		18		34		3.7448466786

		2005		12		19		35		4.1073825392

		2005		12		20		36		14.6258117096

		2005		12		21		37		9.6605130435

		2005		12		22		38		6.1010326531

		2005		12		23		39

		2005		12		24		40

		2005		12		25		41

		2005		12		26		42

		2005		12		27		43

		2005		12		28		44

		2005		12		29		45

		2005		12		30		46

		2005		12		31		47

		2006		1		1		48

		2006		1		2		49

		2006		1		3		50		9.5575086789

		2006		1		4		51		15.132995643

		2006		1		5		52		13.089451408

		2006		1		6		53		10.7864265582

		2006		1		7		54		6.5522000693

		2006		1		8		55		8.9312669439

		2006		1		9		56		7.1850691373

		2006		1		10		57		6.2079078508

		2006		1		11		58		15.6262507502

		2006		1		12		59		15.7700492225

		2006		1		13		60		2.9837327843

		2006		1		14		61		7.4608171766

		2006		1		15		62		6.8097014184

		2006		1		16		63		6.3268359996

		2006		1		17		64		5.062220943

		2006		1		18		65		4.0523091394

		2006		1		19		66		5.368190836

		2006		1		20		67		7.1399233937

		2006		1		21		68		10.2579454393

		2006		1		22		69		6.3262179891

		2006		1		23		70		10.0420725205

		2006		1		24		71		7.5369624579

		2006		1		25		72		6.7889063448

		2006		1		26		73		7.170588431

		2006		1		27		74		3.4897255022

		2006		1		28		75		2.016689417

		2006		1		29		76		4.1659406345

		2006		1		30		77		2.0982603629

		2006		1		31		78		1.4793237406

		2006		2		1		79		7.0912857143

		2006		2		2		80		20.3523913043

		2006		2		3		81		22.8608577778

		2006		2		4		82		14.968397451

		2006		2		5		83		8.2124533754

		2006		2		6		84		6.1559498669

		2006		2		7		85		9.9841019467

		2006		2		8		86		14.62285

		2006		2		9		87		17.046088

		2006		2		10		88		28.3462909091

		2006		2		11		89		15.3439447298

		2006		2		12		90		6.3212238199

		2006		2		13		91		7.119108475

		2006		2		14		92		6.810618743

		2006		2		15		93		6.4648134001

		2006		2		16		94		15.3855087321

		2006		2		17		95		3.7509237675

		2006		2		18		96		23.9607034599

		2006		2		19		97		16.0221651585

		2006		2		20		98		19.7602824523

		2006		2		21		99		27.5704485818

		2006		2		22		100		14.8601829787

		2006		2		23		101		14.3820344166

		2006		2		24		102		11.9355113837

		2006		2		25		103		6.6907758814

		2006		2		26		104		4.8008872486

		2006		2		27		105		6.6519700111

		2006		2		28		106		10.31295

		2006		3		1		107		15.1589744681

		2006		3		2		108		17.197

		2006		3		3		109		6.9315355014

		2006		3		4		110		9.4532969664

		2006		3		5		111		16.3461619113

		2006		3		6		112		20.9225651834

		2006		3		7		113		16.9707598868

		2006		3		8		114		15.8095391304

		2006		3		9		115		20.135677551

		2006		3		10		116		17.3018

		2006		3		11		117		17.4378714294

		2006		3		12		118		16.5062098849

		2006		3		13		119		3.5659388646

		2006		3		14		120		4.0849747613

		2006		3		15		121		11.1532354461

		2006		3		16		122		16.8940089282

		2006		3		17		123		17.5747659268

		2006		3		18		124		14.2094563641

		2006		3		19		125		2.1943606569

		2006		3		20		126		2.5355746861

		2006		3		21		127		1.3697439038

		2006		3		22		128		2.6656809615

		2006		3		23		129		6.5474116847

		2006		3		24		130		12.8609859644

		2006		3		25		131		5.6958195939

		2006		3		26		132		3.4939296976

		2006		3		27		133		11.4257573252

		2006		3		28		134		9.2223861063

		2006		3		29		135		9.01137937

		2006		3		30		136		7.1134673289

		2006		3		31		137		9.4319825131

		2006		4		1		138		7.3385507967

		2006		4		2		139		5.7213100941

		2006		4		3		140		7.4681800289

		2006		4		4		141		6.022580024

		2006		4		5		1		6.6987943956		5

		2006		4		6		2		6.765138112		6

		2006		4		7		3		7.4194057751		8

		2006		4		8		4		9.5186815777

		2006		4		9		5

		2006		4		10		6		9.7562

		2006		4		11		7		5.1505449159		4

		2006		4		12		8		5.8275273047		4

		2006		4		13		9		8.3278547969		5

		2006		4		14		10		10.1743232398

		2006		4		15		11		18.4685200534

		2006		4		16		12		10.8332879625

		2006		4		17		13		4.7060851314

		2006		4		18		14		8.9224448039

		2006		4		19		15		6.3894425325		5

		2006		4		20		16		5.6607381971		2

		2006		4		21		17		4.929268253		4

		2006		4		22		18		2.8117945717

		2006		4		23		19		10.0179021774

		2006		4		24		20		11.6905109944

		2006		4		25		21		14.6481544136

		2006		4		26		22		35.7905435831		19

		2006		4		27		23		19.4374539968		14

		2006		4		28		24		21.6813567587		16

		2006		4		29		25		25.8735449659

		2006		4		30		26		14.9216120641

		2006		5		1		27		16.0996537749

		2006		5		2		28		28.8403311403

		2006		5		3		29		47.3103091715		27

		2006		5		4		30		57.610901481		39

		2006		5		5		31		36.2952588235		25

		2006		5		6		32		37.8989241104

		2006		5		7		33		23.403897325

		2006		5		8		34		12.9577402751

		2006		5		9		35		8.4986

		2006		5		10		36		9.0780119993		9

		2006		5		11		37		8.6623092935		5
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Hg in lake sediments is higher today 
than in preindustrial times. (ICP W) Hg in reference and top 

sediments in Scandinavian lakes 
(from Munthe et al 2007) 8



Heavy metals (Hg)
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Mercury in pike in Northern Europe 
(from Munthe et al 2007)

Consumption guidlines 
0,3 - 0,5 mg Hg/kg

Recent results from Norway shows that Hg in fish 
has increased with about 60% over the last 20 years
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Long-term strategy (Approved by WGE in 2005: ECE/EB.AIR/WG.1/2005/15/Rev.1) (ECE/EB.AIR/2009/17)

• Describes aims, methods of work, long-term priorities, organization of work
Revision 2009: 
• Has taken into account 2008 draft outline of a future strategy for the Convention and 2009 

draft revised strategy for EMEP
• Has considered new aspects:

air pollution effecst on biodiversity, climate change as confounding factor on air pollution 
effects

Cooperation with EMEP SB
• Implementation of new / revised strategies – division of work & responsibilities
• Adoption by EB 2009 ?

Strategy

EB Dec. 2009 10

Monitoring and modelling reporting guidelines (ECE/EB.AIR/WG.1/2009/16)

All programmes presented their proposals for
• key parameters
• prorities for target-setting
• policy-relevant indicators



• Annex I updates, to WGSR April 2010:
definitions; ozone critical levels – health, PM critical levels – health, ozone 
flux – vegetation , activities in North America (Canada)

• Ex-post analyses?

Revision of Gothenburg Protocol 

EB Dec. 2009 11

WGE request for guidance from EB 
ECE/EB.AIR/2009/1 (Progress in core activities); cf. § 36 (f) and (g) - WGE requests guidance on:
• (f) criteriea of acceptable vegetation change / definition desirable state of

ecosystems ….
• (g) displaying policy relevant and meaningful information on time-dependent

environmental targets ….
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Aspirational targets 

Clean air living ecosystems 
healthy people

• Protect ecosystem structure and function
• No loss of biodiversity
• Full recovery from previous atmospheric 

inputs – forests
• Healthy fish populations in all acid 

sensitve lakes
• Avoid all detecable O3 damage
• Critical loads and levels are not exceeded
• WHO Air Quality Guidelines
• No damage to materials


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