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Presentation outline: 
 

• Background and scenario of HM emissions in Europe 

• Flashback at 24th Annual Report (2015) and  26th Annual Report (2017)  

• Temporal trends in HM fluxes at ICP IM sites: Swedish example 

• Land-atmosphere exchange: Important for the mass balance for mercury  

• ICP Waters report report 132/2017: Spatial and temporal trends of mercury in 

freshwater fish in Fennoscandia (1965-2017) 

• Summary 



Background 
• Forested catchments are important for heavy metal (HM) retention and exposure 

pathways to aquatic ecosystems 
• Do fluxes of HM in deposition and runoff respond to changes in emission 

reductions in Europe? 
• Can temporal trend analysis of HM fluxes provide detailed understanding of 

responses in HM mass balances to emission reductions and recovery times from 
atmospherically deposited HM? 

 
Special attention for Hg 
• ICP IM programmes relevant for effectiveness evaluation of the Minamata 

Convention on Mercury  
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Figure 51: Deposition fluxes of lead (left), cadmium (middle) and mercury (right) and their main component of trends in the EMEP in 
1990-2012  
 

de Wit, H. A.; Hettelingh, J.-P.; Harmens, H. Trends in ecosystem and health responses to long-range transported atmospheric pollutants; 2015; p 94. 



24th Annual Report (2015). Åkerblom & Lundin. Progress report on heavy metal trends at ICP IM sites. 

 

Aneboda (solid line), Gammtratten (dotted line), Gårdsjön (dashed line), Kindla (dotdashed line)  

Conlcusion: 

• Cd and Pb respond according 

to decreased rates of 

deposition while Hg did not 

• Translocation of metals to 

deeper mineral soil horizons 

• Changes in runoff 

concentrations of HM to a 

small extent correspond to 

changes in concentrations of 

HM soil compartments 

Flashback #1: 

SC 

RW 



26th Annual Report (2017). Åkerblom & Lundin. Report on concentrations of heavy metals in important forest ecosystem compartments  

 

Flashback #2: 

Cadmium (Cd) 

Median (n) Temporal coverage 

Subprogramme 

PC TF RW LF SC (soil depth cm) PC TF RW LF SC 

OH-litter 0–10 10–30 30–200 

µg L-1 mg kg-1 between years 

Country 

Austria 0.20 (201) 0.11 (101) 0.15 (16) 0.10 (166) 1993–2012 1993–2010 1995–2006 1993–2009 

Belarus 1.00 (105) 1.00 (96) 0.62 (7) 1998–2005 1995–1998 

Czech Republic 0.09 (706) 0.12 (741) 0.19 (615) 1989–2013 1989–2015 1989–2013 2008–2008 

Estonia 0.07 (181) 0.13 (203) 0.10 (121) 0.18 (1) 2.14 (4) 0.07 (4) 0.12 (12) 1996–2013 1998–2015 1994–2015 1994–2010 

Finland 0.03 (1165) 1.00 (477) 0.02 (929) 0.27 (185) 0.74 (9) 1.46 (16) 1.42 (7) 1993–2012 1992–1999 1988–2013 1904–1997 1988–1989 

Germany 0.03 (68) 0.12 (324) 0.52 (12) 0.08 (15) 0.09 (4) 0.05 (6) 2004–2009 1904–2015 1988–2010 

Italy 0.30 (1) 0.14 (2) 0.28 (22) 0.15 (24) 0.12 (14) 0.09 (22) 2005–2010 1994–1994 1995–2011 

Latvia 0.10 (628) 0.14 (338) 0.03 (157) 0.26 (42) 0.43 (15) 0.03 (13) 0.02 (7) 0.02 (29) 1994–2009 1994–2009 1996–2009 1994–2008 1994–2003 

Lithuania 0.04 (120) 0.16 (127) 0.19 (9) 0.06 (19) 0.11 (8) 0.12 (27) 2003–2012 1999–2015 1993–2005 

Norway 0.02 (476) 1.3 (2) 1992–2013 1986–1989 

Poland 0.25 (58) 0.25 (100) 0.3 (3) 3.12 (9) 0.04 (6) 0.49 (2) 1.29 (8) 1993–1996 1993–1996 1988–1991 

Portugal 0.43 (24) 21 (2) 1994–2001 1999–1999 

Russia 0.39 (123) 0.20 (23) 1992–1997 1993–1997 1989–1993 

Spain 0.08 (50) 0.08 (56) 0.08 (55) 0.07 (14) 0.08 (4) 0.03 (2) 0.02 (4) 2007–2012 2007–2015 2007–2012 2008–2015 2010–2010 

Sweden 0.04 (264) 0.04 (186) 0.03 (517) 0.22 (152) 0.55 (8) 0.07 (1) 0.10 (3) 0.05 (2) 1995–2012 1995–2012 1996–2013 1995–2015 1984–1997 

Switzerland 

The Netherlands 0.11 (228) 0.06 (75) 0.36 (6) 0.18 (2) 1984–1999 1993–1999 1993–1998 1993–1997 

United Kingdom 0.13 (114) 0.10 (38) 1988–1997 1988–1991 

Lead (Pb) 

Median (n) Temporal coverage 

Subprogramme 

PC TF RW LF SC (soil depth cm) PC TF RW LF SC 

OH-litter 0–10 10–30 30–200 

µg L-1 mg kg-1 between years 

Country 

Austria 1.4 (224) 0.9 (230) 1.1 (14) 4.6 (165) 1993–2012 1993–2010 1995–2006 1993–2009 

Belarus 13 (7) 1998–2005 1995–1998 

Czech Republic 1.9 (686) 2.2 (747) 1.3 (546) 1.9 (2) 1989–2013 1989–2015 1989–2013 2008–2008 

Estonia 1.2 (108) 1.7 (126) 0.7 (121) 12 (1) 9 (17) 4 (8) 3 (16) 1996–2013 1998–2015 – 1994–2015 1994–2010 

Finland 0.6 (1208) 12 (477) 0.3 (925) 4 (187) 18 (20) 13 (35) 6 (13) 1993–2012 1992–1999 1988–2013 1994–1997 1988–1989 

Germany 0.9 (68) 1.2 (248) 28 (15) 26 (21) 15 (10) 4 (12) 2004–2009 2004–2015 1988–2010 

Italy 0.9 (24) 4.7 (2) 55 (23) 56 (25) 46 (15) 23 (24) 2005–2010 1994–1994 1995–2011 

Latvia 1.6 (659) 1.5 (382) 0.4 (161) 3.1 (42) 46 (15) 7 (19) 6 (11) 5 (41) 1994–2009 1994–2009 1996–2009 1994–2008 1994–2003 

Lithuania 0.5 (88) 2.7 (128) 17 (8) 13 (17) 13 (7) 4 (18) 2003–2012 1999–2015 1993–2005 

Norway 0.4 (576) 83 (2) 1992–2013 1986–1989 

Poland 2.2 (58) 3.3 (99) 65 (9) 9 (9) 3 (8) 4 (14) 1993–1996 1993–1996 1988–1991 

Portugal 0.7 (33) 0.6 (2) 1994–2001 1999–1999 

Russia 4 (123) 1 (23) 10 (4) 10 (6) 10 (8) 10 (14) 1992–1997 1993–1997 1989–1993 

Spain 0.2 (77) 0.2 (78) 0.2 (75) 0.7 (14) 32 (4) 22 (2) 10 (4) 2007–2012 2007–2015 2007–2012 2008–2015 2010–2010 

Sweden 1 (277) 0.8 (190) 0.4 (517) 2.7 (152) 84 (8) 18 (4) 9 (8) 3 (5) 1995–2012 1995–2012 1996–2013 1995–2015 1984–1997 

Switzerland 66 (4) 47 (5) 1992–1993 1992–1993 

The Netherlands 3.7 (229) 1.7 (75) 2.1 (6) 19 (2) 1984–1999 1993–1999 1993–1998 1993–1997 

United Kingdom 9.7 (114) 3.7 (43) 1988–1997 1988–1991 

Mercury (Hg) 

Median (n) Temporal coverage 

Subprogramme 

PC TF RW LF SC (soil depth cm) PC TF RW LF SC 

OH-litter 0–10 10–30 30–200 

ng L-1 µg kg-1 between years 

Country 

Austria 

Belarus 

Czech Republic 

Estonia 100 (28) 100 (3) 100 (38) 45 (4) 63 (1) 50 (2) 32 (4) 20 (2) 1996–1999 1995–1998 1996–1998 2012–2015 1994–2010 

Finland 3 (354) 2003–2013 

Germany 10 (21) 209 (7) 28 (4) 2004–2005 1988–1990 

Italy 147 (14) 143 (20) 132 (10 110 (18) 2000–2011 

Latvia 40 (69) 2007–2009 

Lithuania 5 (2) 5 (1) 5 (7) 1993–1993 

Norway 

Poland 

Portugal 

Russia 291 (55) 1992–1994 

Spain 

Sweden 3.6 (45) 16.5 (76) 3.9 (16) 70 (117) 262 (7) 21 (3) 53 (5) 20 (3) 1996–2012 1997–2012 1997–2011 1999–2014 1984–1997 

Switzerland 370 (1) 1996–1996 

The Netherlands 

United Kingdom 

Copper (Cu) 

Median (n) Temporal coverage 

Subprogramme 

PC TF RW LF SC (soil depth cm) PC TF RW LF SC 

OH-litter 0–10 10–30 30–200 

µg L-1 mg kg-1 between years 

Country 

Austria 4.0 (415) 6.1 (317) 1.9 (92) 5.9 (165) 1993–2012 1993–2010 1998–2012 1993–2009 

Belarus 4.0 (100) 4.0 (117) 2.0 (7) 1998–2005 1995–2014 1995–1998 

Czech Republic 1.5 (29) 1.0 (88) 1990–1999 1991–1999 

Estonia 5.6 (165) 8.5 (200) 3.8 (126) 1.5 (1) 4.0 (17) 4.5 (8) 2.3 (20) 1996–2013 1998–2015 1994–2015 1994–2010 

Finland 1.0 (1205) 2.5 (501) 0.3 (926) 4.4 (233) 5.7 (20) 7.0 (35) 5.1 (13) 1993–2012 1992–1999 1988–2013 1904–1997 1988–1989 

Germany 1.2 (68) 5.7 (384) 10.8 (10) 10.3 (11) 6.1 (8) 8.2 (11) 2004–2009 1904–2015 1990–2010 

Italy 6.0 (9) 12.0 (19) 13 (23) 9.0 (25) 7.0 (15) 8.2 (24) 2005–2010 1994–2000 1995–2011 

Latvia 1.9 (702) 3.6 (408) 0.9 (172) 3.0 (42) 4.3 (15) 1.2 (19) 1.8 (11) 1.7 (41) 1994–2009 1994–2009 1996–2009 1994–2008 1994–2003 

Lithuania 3.2 (120) 2.9 (128) 2.5 (9) 1.5 (19) 1.6 (8) 2.4 (27) 2000–2012 1999–2015 1993–2005 

Norway 0.8 (60) 9.7 (2) 2011–2013 1986–1989 

Poland 2.0 (57) 2.7 (100) 2.3 (5) 9.0 (9) 0.4 (7) 0.4 (7) 5.1 (14) 1993–1996 1993–1996 1996–1996 1988–1991 

Portugal 1.1 (66) 1.9 (16) 1994–2001 1999–2001 

Russia 2.0 (56) 2.1 (23) 10.0 (4) 10.0 (6) 10.0 (6) 10.0 (12) 1992–1997 1993–1997 1989–1993 

Spain 0.5 (77) 1.1 (78) 0.6 (80) 4.7 (14) 19.9 (4) 19.2 (2) 22.7 (4) 2007–2012 2007–2015 2007–2012 2008–2015 2010–2010 

Sweden 0.8 (245) 1.2 (182) 0.3 (474) 3.5 (147) 10.0 (8) 2.1 (4) 3.1 (6) 5.9 (5) 1997–2012 1995–2012 1999–2013 1996–2015 1987–1997 

Switzerland 2.0 (229) 3.4 (75) 2.1 (6) 1.9 (2) 1984–1999 1993–1999 1993–1998 1993–1997 

The Netherlands 1.2 (114) 1988–1997 

United Kingdom 17.4 (27) 23.5 (24) 1991–1993 1991–1993 

Zinc (Zn) 

Median (n) Temporal coverage 

Subprogramme 

PC TF RW LF SC (soil depth cm) PC TF RW LF SC 

OH-litter 0–10 10–30 30–200 

µg L-1 mg kg-1 between years 

Country 

Austria 11.7 (527) 16.9 (326) 11.5 (146) 58.3 (166) 1993–2012 1993–2010 1994–2012 1993–2009 

Belarus 21.0 (105) 11.0 (134) 19 (7) 1998–2005 1996–2014 1995–1998 

Czech Republic 24.0 (890) 34.0 (737) 19.0 (432) 21.6 (2) 1989–2013 1989–2015 1989–2013 2008–2008 

Estonia 13.0 (141) 23.5 (185) 48.2 (126) 23 (1) 28 (17) 13 (10) 13 (22) 1996–2013 1998–2015 1994–2015 1994–2010 

Finland 2.4 (1206) 13.9 (592) 2.4 (927) 56.8 (234) 30 (20) 13 (35) 10 (13) 1993–2012 1992–2002 1988–2013 1994–1997 1988–1989 

Germany 6.6 (68) 32.1 (382) 55 (10) 53 (14) 36 (8) 42 (12) 2004–2009 2004–2015 1990–2010 

Italy 13.0 (24) 113.8 (19) 85 (23) 58 (25) 66 (15) 65 (24) 2005–2010 1994–2000 1995–2011 

Latvia 18.7 (664) 28.2 (402) 8.0 (158) 50.7 (42) 38 (15) 7 (19) 12 (11) 7 (41) 1994–2009 1994–2009 1996–2009 1994–2008 1994–2003 

Lithuania 12.0 (120) 45.0 (127) 21 (9) 7 (19) 8 (8) 6 (27) 2000–2012 1999–2015 1993–2005 

Norway 2.5 (567) 1992–2013 

Poland 16.1 (58) 35.5 (103) 13.0 (4) 55 (9) 6 (9) 10 (8) 8 (18) 1993–1996 1993–1996 1996–1996 1988–1991 

Portugal 16.3 (68) 10.0 (20) 1994–2001 1999–2001 

Russia 9.5 (60) 17.0 (23) 40 (4) 20 (6) 26 (8) 30 (12) 1992–1997 1993–1997 1989–1993 

Spain 4.9 (62) 5.6 (70) 4.8 (49) 34.1 (14) 102 (4) 93 (2) 106 (4) 2007–2012 2007–2015 2007–2012 2008–2015 2010–2010 

Sweden 5.4 (274) 12.1 (190) 3.6 (474) 81.9 (147) 60 (8) 7 (4) 16 (7) 18 (5) 1995–2012 1995–2012 1999–2013 1996–2015 1984–1997 

Switzerland 9.2 (170) 9.0 (75) 36.9 (6) 9 (2) 1988–1999 1993–1999 1993–1998 1993–1997 

The Netherlands 6.6 (114) 1988–1997 

United Kingdom 67.5 (6) 19.1 (24) 1991–1992 1991–1993 

Conlcusion: 

• Summary of concentrations of 

Cd, Pb, Hg, Cu and Zn in PC, TF, 

RW, LF and SC 



Temporal trends in HM fluxes at ICP IM sites: Swedish example 

• Large exceedences of HM input compared to 
output (Bringmark et al. 2013) 
 

• Differences in relative contribution between 
PC, TF and LF for HM input between sites and 
over time 
 

• How consistent are responses in HM mass 
balances in small forested catchments to 
changes in HM emissions across Europe? 
Include relevant forest compartments in the 
evaluation 
 

• Identify critical characteristics that relates to 
HM retention in catchments 
 

• Invitation for discussion how to proceed and 
contribute with data for evaluation 

 
 



Land-atmosphere exchange: 
Important for the mass balance for mercury  

Traditional view 
 

? 

Fluxes of mercury (g/year) 
in southern Sweden, lake 
area 1 km2, drainage area 
10 km2 : 

• Hg stores accumulating 
• only slowly reversible 

 
Supported by Bringmark et al. 
2013. WASP. 



Introduction 

Hg0 Hg2+  

Net Hg0  

peat-atmosphere 
exchange 

Hg2+/Hgp wet 
bulk deposition ? 

Wet bulk 
deposition twice 
the runoff Hg 
So peatlands are 
accumulating Hg 
– 
unless the Hg is 
evading… 

Hg in runoff 

3-4 
µg m-

2 yr-1 

1-2 µg m-2 yr-1 

Atmospheric Hg0 concentration 1.4 - 1.7 ng m-3 

Findings from Degerö stormyr, Northern Sweden 
Osterwalder, S.; Bishop, K.; Alewell, C.; Fritsche, J.; Laudon, H.; Åkerblom, S.; Nilsson, M. B., Mercury evasion from a boreal peatland 
shortens the timeline for recovery from legacy pollution. Scientific Reports 2017, 7, 16022. 

 

Relaxed Eddy 
Accumulation: 
Collecting up and 
down-wind Hg 
over 30 min, f = 20 s-1 
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Hg0 flux and controls 

Diurnal patterns of Hg0 flux  
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Conclusion and Implications 

1.3 

3.9 

1.4 -1.7 ng m-3 

10.2 

 Boreal peatland: net Hg source  
   - emission of legacy Hg 

Take-home message: 

Hg in runoff declines (-25% by 2050) 
    -> downstream ecosystems recover more 
         rapidly from past Hg pollution 

Legacy Hg: 621 µg m-2 

0 cm 

34 cm 

fluxes in µg m-2 yr-1 

 Land-atmosphere exchange is required for 
complete mass-balance calculations on Hg 



research looking on land-atmosphere exchange  
of Hg over forested catchments 2017-2018 

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjDitjv2PHaAhXKVywKHSJQBW8QjRx6BAgBEAU&url=http://www.icos-sweden.se/station_svartberget.html&psig=AOvVaw2fMT0B9Yo2ysQk6mYEtuXT&ust=1525716988545004


Spatial patterns and temporal 
trends of mercury in 
freshwater fish in 
Fennoscandia 

• Braaten, Åkerblom et al., 2017 

• Joint effort ICP Waters – ICP Integrated 
Monitoring 

• www.icp-waters.no 

 

ICP Waters - WGE-EMEP sept 2017  13 



Thanks to many co-authors and to long-term 
funders of mercury monitoring in fish 

• Hans Fredrik Veiteberg Braaten1, 

Staffan Åkerblom2, Heleen A. de 

Wit1, Gunnar Skotte3, Martti Rask4, 

Jussi Vuorenmaa5, Kimmo K. 

Kahilainen6, Tommi Malinen6, 

Sigurd Rognerud1, Espen Lydersen7, 

Per-Arne Amundsen8, Nicholas 

Kashulin9, Tatiana Kashulina9, Petr 

Terentyev9, Guttorm Christensen10 
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Is mercury in fish impacted by reduced air 
pollution? 

• Hg in fish in boreal lakes 
originates in many cases 
from transboundary air 
pollution 

• Do emission reductions of 
Hg help to reduce Hg in 
fish? 

ICP Waters - WGE-EMEP sept 2017  

EMEP/CCC Report 1/2016 

15 



Collation of data from Sweden, 
Finland, Norway, and Russia 

ICP Waters - WGE-EMEP sept 2017  

Sweden Finland 

1965-2015 
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Mercury levels in fish exceed environmental quality 
factors 

ICP Waters - WGE-EMEP sept 2017  17 



ICP Waters - WGE-EMEP sept 2017  

south north 

Hg 

year 

Red: perch 
Green: pike 
Black: standardized 

Only lakes mainly affected by 
atmospheric sources of Hg 

18 



Conclusions  

• Goal to summarize available HM data from ICP IM sites across Europe for 
evaluations of temporal trends:  
• Invitation for participation and discussions (ICP forests!?) for preparation of 

publication 

 

• Land-atmosphere exchange is not included in mass-balance calculations 
for Hg at ICP IM sites: A missing link to understand recovery of Hg? 

 

• Data and evaluations on mercury from ICP IM relevant for effectiveness 
evaluation of the Minamata convention on mercury 
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Conclusions  

• No evidence of declining levels of Hg in fish in lakes impacted by 
atmospheric Hg sources 
• In lakes that are impacted by local pollution sources, there is a decline 

 

• Minamata Convention has entered into force 
• Database is useful baseline for monitoring of impacts of reducing Hg emissions to air 

• Data are also valuable for evaluating impacts of other (local) emission reductions 

 

• We will continue to analyse the database for relations with environmental 
drivers 
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