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1. Chemical transport models 

There are currently six global chemical transport models that include algorithms for the 

dry deposition of Hg: GRAHM, Environment Canada’s Global/Regional Atmospheric Heavy 

Metal Model (Dastoor and Laroque, 2004); GEOS-Chem, the United States’ Goddard Earth 

Observing System mercury model (Selin et al., 2007); ECHMERIT, a European global online 

model based on the Atmospheric General Circulation Model (ECHAM5) and a MERcury 

chemistry module, developed in Rende, ITaly, (Jung et al., 2009); GNAQPMS-Hg, the Asian 

Global Nested Air Quality Prediction Modelling System for Hg (Chen et al., 2015), GLEMOS, 

the Russian Global EMEP Multi-media Modelling System (Travnikov and Ilyin, 2009); and 

CTM-Hg, the United States’ global Chemical Transport Model for Hg (Seigneur et al., 2004). A 

number of regional models also include dry deposition algorithms: CMAQ, the Community 

Multi-scale Air Quality model (Bullock and Brehme, 2002); WRF/Chem, the Weather Research 

and Forecasting model coupled with chemistry (Grell et al., 2005); TEAM, the North American 

Trace Elements Analysis Model (Pai et al., 1997); CAMx, the Comprehensive Air Quality Model 

with Extensions (de Foy et al., 2014); DEHM, the Danish Eulerian Hemispheric Model 

(Christensen, 1997; Christensen et al., 2004); REMSAD, the Regional Modeling System for 

Aerosols and Deposition (Bullock et al., 2008; 2009); CAM-Chem/Hg, the Community 

Atmospheric Model with mercury CAM-Chem/Hg (Lei et al., 2014); and ADOM, the Canadian-

German Acid Deposition and Oxidants Model (Petersen et al., 2001). A summary of the 

algorithms for GEM, GOM, and PBM used by the global chemical transport models is provided 

in Table S1.  



Table S1: Summary of the dry deposition schemes of GOM, PBM, and GEM in chemical transport models.  

Model Approach Scheme Reference References 
 GOM PBM GEM   
Global      

GRAHM 
Big-leaf 
  

Size-segregated particle dry 
deposition model 

Big-leaf 
Zhang et al., 2001; 2003; 
2009 

Dastoor and Laroque, 2004; Dastoor et al., 2008; 2015; 
Ryaboshapko et al., 2007a; 2007b; Kos et al., 2013; Zhang et al., 
2012a; 2012b 

GEOS-Chem Resistance Resistance 
Dry deposition only;  
Resistance 

Wesely (1989); Zhang et al., 
2001 

Selin et al., 2008; Holmes et al., 2010; Corbitt et al., 2011; Amos 
et al., 2012; Fisher et al., 2012; Zhang et al., 2012; Kikuchi et 
al., 2013; Chen et al., 2014; Song et al., 2015 

ECHMERIT Big-leaf  
Dry deposition and gravitational 
settling (Slinn and Slinn, 1980; 
CAMx, 2006) 

Big-leaf model 
Vdmax=0.03 cm s-1 

Wesely, 1989; Slinn and 
Slinn, 1980; Kerkweg et al., 
2006 

Jung et al., 2009; De Simone et al., 2014 

GNAQPMS-Hg 
Resistance 
HLC: HNO3 
SR: zero 

Resistance 
VdPBM = Vd(SO4

2-) 

Resistance 
HLC: 0.11 M atm-1 
SR: zero 

 Chen et al., 2015 

GLEMOS Resistance Resistance Resistane  Travnikov and Ilyin, 2009; Travnikov et al., 2010 

CTM-Hg VdGOM=VdHNO3=0.5 cm s-1 
VdPBM = 0.1cm s-1 land 
VdPBM = 0.01 cm s-1 water 

VdGEM=0.01cm s-1 land 
VdGEM=0 cm s-1 water  

 
Shia et al., 1999; Seigneur et al., 2001; 2004; 2006; Lohman et 
al., 2008 

Regional      

CMAQ M3DRY M3DRY MADRID Pleim and Byun, 2004 

Bullock and Brehme, 2002; Lin et al., 2006; 2007; Gbor et al., 
2007; Vijayaraghavan et al., 2007; Pongprueska et al., 2008; 
Bash, 2010; Baker and Bash, 2012; Holloway et al., 2012; Lin et 
al., 2012; Bash et al., 2014 

WRF/Chem-Hg 
Vd(GOM) = Vd(HNO3) 
 

Resistance Not included 
Wesely, 1989; Lin et al., 
2006 

Grell and Dévényi, 2002; Grell et al., 2005; Lin et al., 2006; 
Gencarelli et al., 2014; 2015 

TEAM Resistance Size-segregated Not included Pleim et al., 1984 Pai et al., 1997; 1999; Seigneur et al., 2003; 2004; 2006 

RCTM 
Resistance 
VdGOM = 4 cm s-1 

Resistance 
VdPBM = 0.15 cm s-1 

Resistance 
VdGEM = 0.0155 cm s-1 

Fowler et al., 1991 Lee et al., 2001 

REMSAD Resistance Resistance Not included Wesely, 1989 Bullock et al., 2008 

CAMx Resistance Resistance Not included Wesely, 1989 Baker and Bash, 2012; De Foy et al., 2012; 2014 

DEHM  
Resistance 
SR(GOM) = SR(HNO3)  

Vd(PBM) = Vd(SO4
2-) Not included  Christensen, 1997; Christensen et al., 2004; Skov et al., 2004 

ADOM Resistance Resistance Not included  Petersen et al., 2001 

CAM-Chem/Hg Resistance Resistance Resistance Wesely, 1989 Lamarque et al., 2012; Lei et al., 2013 

 



Table S2: Summary of dry deposition estimation of GOM and PBM. 

  Dep Flux  
(ng m-2 hr-1) 

Dep Flux 
(ng m-2 hr-1) 

Conc (pg m-3) 
Vd (cm s-1) 
  

       

Region GOM PBM GOM PBM GOM PBM Surface Year Reference Comments 

North America  

House Creek, Idaho 0.12 
 

2.3 – 8.1 
 

0.4 – 0.76 
 

Short grass and 
forbs 

2005-2006 Abbott et al., 2008 Wesely 1989 model 

South central New 
Mexico 

0.1 0.003 
6.8 (1.6 - 
25.0) 

1.52 (0.57 - 
7.2) 

0.5 0.1 Arid/ Remote 2001-2002 Caldwell et al., 2006 Vds from Seigneur et al., 2004 

Garrett County, 
Maryland 

0.4 (0.14 – 
1.35)  

10.40 
(5.2 - 
32.9) 

 
0.95 (0.54 - 
1.18)  

Forest and 
agriculture 

2009-2010 Castro et al., 2012 Vd from big-leaf. ==10 SS in 
same study, see Table 3. 

Lostwood Refuge, 
North Dakota 

0.19 0.009 2.0 2.2 0.49 – 5.01 0.02 – 0.37 Grassland 2004 Engle et al., 2010 
Vd values are for all sites, individual 
sites values not provided. 

Virginia, USA 0.16 1.23 1.8 4.6 0.49 – 5.01 0.02 – 0.37 
Deciduous 
Forest 

2006 Engle et al., 2010 
 

Milwaukee, 
Wisconsin 

0.61 0.07 10.05 11.78 0.49 – 5.01 0.02 – 0.37 Water/ Urban 2004-2005 Engle et al., 2010 
 

East St.Louis, 
Illinois 

5.91 0.17 37.45 25.4 0.49 – 5.01 0.02 – 0.37 Urban 2004 Engle et al., 2010 
 

South Carolina, 
USA 

0.21 0.003 3.33 2.28 0.49 – 5.01 0.02 – 0.37 
Water/ 
Wetlands 

2006-2007 Engle et al., 2010 
 

Weeks Bay, 
Alabama 

0.25 0.006 3.8 2.83 0.49 – 5.01 0.02 – 0.37 
Water/ Grass/ 
Crops 

2005-2006 Engle et al., 2010 
 

Masachussetts, 
USA 

0.11 0.02 2.65 4.0 0.49 – 5.01 0.02 – 0.37 Water/ Urban 2008-2009 Engle et al., 2010 
 

Puerto Rico 0.06 0.002 1.5 1.2 0.49 – 5.01 0.02 – 0.37 Water 2006 Engle et al., 2010 

Orlando, Florida 0.1 – 1.2 0.1 –0.6 
2.44 – 
6.77 

2.04 – 3.28 
1.7 (0 – 
4.9) 

0.24 (0 – 
0.73) 

Urban 2005 Fulkerson, 2006 Big-leaf 

New Hampshire 0.65 – 1.75 0.07 - 0.18 
    

Urban 
1996, 1999, 
2002 

Han et al., 2008 
Range of annual average fluxes. 
Close to point sources. 

House Creek, Idaho 0.21 
     

Short grass and 
forbs 

2008 Holmes et al., 2011 LUC=Ice in winter; ==10; Rm=0; 
Zhang 2003 model 

House Creek, Idaho 0.19 – 0.22 
     

Short grass and 
forbs 

2008 Holmes et al., 2011 LUC=Ice in winter; ==10; Rm=0; 
Wesely 1989/96 model 

Huntington, NY 0.02 0.007 1.9 
 

0.53 0.10 
Mixed Wood 
Forest 

2009-2010 Huang et al., 2012 Vd Zhang et al. (2009) model. 

Rochester, NY 0.40 0.018 4.2 1.63 0.19 Urban 2009 Huang et al., 2012 Vd Zhang et al. (2009) model. 

Cleveland, Ohio 0.86 0.044 29.5 1.27 0.15 Urban 2009 Huang et al., 2012 Vd Zhang et al. (2009) model. 

Nevada and 
California, USA 

~2.9 (0.1 – 
22.4)    

0.3 – 2.8 
 

Thorn shrubs/ 
High elevation 

2012-2013 Huang and Gustin, 2015 
Scaling factor=3 for GOM conc. in 
flux calculations. ==10 

Lake Michigan 0.97 0.14 
    

Water 1994-1995 Landis and Keeler, 2002 
Fine:Kbs=27cms-1,Km=0.9cms-1; 
Coarse:Kbs=225cms-1,Km=1.2cms-1 

Augusta, Georgia 0.32 (0 – 36.3) 
 

8 – 9 
   

Industrial 2000 Landis et al., 2004 
Mercury Cell Chlor-Alkali plant. 
HY-SPLIT (10 km2 domain) 



Tennessee, USA 0.08 – 0.12 0.11 Forest Lindberg et al., 1994 

WBW, Tennessee 5.7 0.07 70 20 2 0.1 Forest 1992, 1995 
Lindberg and Stratton, 
1998  

Durham, New 
Hampshire 

0.28 
   

2.31 
 

Rural/ 
Agricultural 

2007 Lombard et al., 2011 Vd from nocturnal inversions. 

Durham, New 
Hampshire 

0.17 
   

2.31 
 

Rural/ 
Agricultural 

2008 Lombard et al., 2011 
Vd from nocturnal inversions. 
Higher precipitation this year. 

Detroit, Michigan 0.23 – 3.96 
 

6.41 – 
22.0  

1 - 5 
 

Urban 2000-2001 Lynam and Keeler, 2005 
Vd from Lindberg and Stratton, 
1998 

Winnemuca & 
Wells, Nevada 

0.02 – 0.37  0.24 – 1.24 10.11 10.89 0.3 – 0.78 0.13 Rural 2005-2006 Lyman et al., 2007 No data from rain periods. 

Reno, Nevada 0.02 – 0.93  0.1 – 4.54 24.78 5.78 0.37 0.10  Suburban 2005-2006 Lyman et al., 2007 ==2 No data from rain periods. 

Reno,Nevada 
    

0.2/ 1.1 
 

Evergreen 
broadleaf 
shrubs 

2006-2008 Lyman et al., 2009 
Vd calculated using: Rc measured Vd 
/ Rc=10 s m-1. 

Paradise, Nevada 
    

0.3/ 1.5 
 

Evergreen 
broadleaf 
shrubs 

2008 Lyman et al., 2009 
Vd calculated using: Rc measured Vd 
/ Rc=10 s m-1. 

Pensacola, Florida 
    

0.5/ 0.9 
 

Short grass and 
forbs 

2006-2008 Lyman et al., 2009 
Vd calculated using: Rc measured / 
Rc=10 s m-1. 

Yorkville, Georgia 
    

0.5/ 0.9 
 

Short grass and 
forbs 

2006-2008 Lyman et al., 2009 
Vd calculated using: Rc measured Vd 
/ Rc=10 s m-1. 

Florida Everglades 
 

0.05 - 0.28 
 

1.9 - 25 0 - 1.6 
0.003 – 
0.12 

Sawgrass and 
cattail 

1999 Malcolm and Keeler, 2002 
 

Florida Everglades 0.14a 
   

0.47 – 1.27 0.01 – 0.13 
Sawgrass (tall 
grass) 

1999 Marsik et al., 2007 
DRGM=0.09 cm2s-1; Rst=109 sm-1; 
==10 

Florida Everglades 0.075a 
   

0.67 – 2.10 0.01 – 0.15 
Sawgrass (tall 
grass) 

2000 Marsik et al., 2007 
DRGM=0.09 cm2s-1; Rst=109 sm-1; 
==10 

Northeastern North 
America 

0.54 – 1.14  0.02 – 0.06 
    

Rural 1997-1998 Miller et al., 2005 
Averaged over 14 sites. Assumed 
RGM was 1%TGM 

Utah, USA 0.3 – 1.0 
 

2 - 14 
 

0.9 – 3.0 
 

Lake surface 2006-2007 Peterson and Gustin, 2008 
Big leaf from Zhang et al. (2003) 
and Lyman et al. (2007). 

Florida 0.02 – 0.06 
   

0.26 – 0.29 
 

Short grass and 
forbs 

2009-2010 Peterson et al., 2012 ==2; LAI=0.5 (3 sites) 

Detroit, Michigan 
 

0.0047 – 
0.125  

12 - 1230 
  

Lake regions 1992-1994 Pirrone et al., 1995 HRD Model.  

Vermont, USA 
 

0.013 – 0.063 
 

3 - 15 
 

0.029 - 
0.176 

Mixed 
Hardwood 

1994 Rea et al., 1996 
 

Pellston, Michigan 2.6 0.023 4 7 1.9 0.092 
Deciduous 
Forest 

1996 Rea et al., 2001 
 

San Francisco Bay, 
California 

0.88 
 

25.2 80.8 0.88 
 

Cement plant 2008 Rothenberg et al., 2010 Assumed GOM=HgCl2 for DA 

San Francisco Bay, 
California 

0.11 
 

2.58 3.17 1.1 
 

Urban 2008 Rothenberg et al., 2010 Assumed GOM=HgCl2 for DA 

San Francisco Bay, 
California 

0.58 
 

14.5 7.99 0.89 
 

Rural 2008 Rothenberg et al., 2010 Assumed GOM=HgCl2 for DA 

Adirondack, NY 0.018 0.034 1.18 3.74 0.38 - 0.82 0.08 - 0.15 Forest 2009-2011 Yu et al., 2013 GOM: ==10 
Lake Superior, 
Lake Michigan, 

0.29 – 0.57 
      

2003-2009 Zhang et al., 2012a (GOM+PBM) CMAQ2005 



Lake Huron 

Lake Superior, 
Lake Michigan, 
Lake Huron 

< 0.29 
      

2003-2009 Zhang et al., 2012a (GOM+PBM) GRAHM2005 

US/Canada Border 
(north) 

0.57 – 1.71 
      

2003-2009 Zhang et al., 2012a (GOM+PBM) CMAQ2005 

US/Canada Border 
(north) 

< 0.57 
      

2003-2009 Zhang et al., 2012a (GOM+PBM) GRAHM2005 

US/Canada Border 
(south) 

1.14 – 4.57 
      

2003-2009 Zhang et al., 2012a (GOM+PBM) CMAQ2005 

US/Canada Border 
(south) 

0.57 – 4.57 
      

2003-2009 Zhang et al., 2012a (GOM+PBM) GRAHM2005 

Toronto, Ontario 0.23 – 3.19 0.05 – 0.44 
14.8 (7.5 
– 25.9) 

21.84 (14.2 
– 39.2) 

0.5 – 2.0 0.08 – 0.22 Urban 2003-2004 Zhang et al., 2012c 
Vd from Zhang et al., 2011; 
Hgp<2.5 

Toronto, Ontario 
 

0.23 – 1.52 
 

70.3 (40.99 
– 97.33)  

0.16 – 0.44 Urban 2003-2004 Zhang et al., 2012c Vd from Zhang et al., 2011; THgp 

Europe  

Central and 
Northern Europe  

0.01 - 2 
  

4 0.2 
 

1988 Petersen et al., 1995 
 

18 Sites across 
Europe 

0.24 – 0.62 
     

Rural 2009 Bieser et al., 2014 GOM+PBM 

Pinet, French 
Pyrenees 

0.05 (0 –0.76) 
   

0.93 0.11 Bog 2010 Enrico et al., 2016 GOM+PBM 

East Asia  

Taichung, Taiwan 20.4a 
 

332 71.1 
  

Suburban/ 
Industrial 

2011 Huang et al., 2012 IXM with KSS 

Changchun, China 
 

4.92 
 

303 (22 - 
1984)  

0.5 Urban 1999-2000 Fang et al., 2001 
Concentration two times higher 
during heating season. Vd assumed 
value 

Changchun, China 
 

2.43 
 

147 (26 - 
569)  

0.5 Suburban Forest 1999-2000 Fang et al., 2001 Contrast site. Vd assumed value 

Hungkuang, 
Taiwan  

29.7 
 

1.6 – 55.7 
 

3.49 Traffic 2009 Fang et al., 2010 Baklanov and Sorensen 2001 model 

Hungkuang, 
Taiwan  

46.26 
 

1.6 – 55.7 
 

3.49 Traffic 2009 Fang et al., 2010 Zhang 2001 models 

Westing Park, 
Taiwan  

1.17 – 2.13 
 

22 
 

1.74 Suburban 2011-2012 Fang et al., 2012a 
Petroff and Zhang model; Ratio 
range 0.93 – 1.69 of measured flux 

Taichung, Taiwan 
 

1.45 – 2.62 
 

27 
 

1.03 Airport 2011-2012 Fang et al., 2012a 
Petroff and Zhang model; Ratio 
range 1.05 – 1.90 of measured flux 

Hungkuang, 
Taiwan  

~7.2 
 

570 
 

0.35 Traffic 2010-2011 Fang et al., 2012b 
Using Vd from Zhang et al. (2012) 
and mass fractions 

Gaomei, Taiwan 
 

~3.4 
 

170 
 

0.55 Wetland 2010-2011 Fang et al., 2012b 
Using Vd from Zhang et al. (2012) 
and mass fractions 

Quanxing, Taiwan 
   

940 
 

0.52 Industrial 2010-2011 Fang et al., 2012b 
Using Vd from Zhang et al. (2012) 
and mass fractions 

Hungkuang, Sha 
Lu, Taiwan  

0.66 – 8.94 
 

24 
  

Traffic –Day 2011-2012 Fang et al., 2016 
Ratio ranges: Baklanov and 
Sorensen 2001 (0.71-6.77) / 
Williams 1982 (0.5-2.15) 

Hungkuang, Sha 0.43 – 5.81 18 Traffic - Night 2011-2012 Fang et al., 2016 Ratio ranges: Baklanov and 



Lu, Taiwan Sorensen 2001 (0.64-6.05) / 
Williams 1982 (0.45-1.92) 

Taichung Airport, 
Taiwan  

0.59 – 7.98 
 

27 
  

Airport 2011-2012 Fang et al., 2016 
Ratio ranges: Baklanov and 
Sorensen 2001 (0.61-5.78) / 
Williams 1982 (0.43-1.84) 

Westing Park, Sha 
Lu, Taiwan  

0.48 – 6.46 
 

22 
  

Urban 2011-2012 Fang et al., 2016 
Ratio ranges: Baklanov and 
Sorensen 2001 (0.54-5.13) / 
Williams 1982 (0.38-1.63) 

Beijing, China 
 

46.46 
 

1.18 (0.18 – 
3.51)  

0.1, 1.3, 2.9 Urban 2003-2004 Wang et al., 2006 Vd from Nho-Kim 2004 

Beijing, China 
 

30.82 
 

0.68 (0.13-
2.4)  

0.1, 1.3, 2.9 Suburban 2003-2004 Wang et al., 2006 Vd from Nho-Kim 2004 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3: Summary of GOM and PBM dry deposition measurements in peer-reviewed literature. 

  Method 
DRY DEP         
(ng m-2 hr-1) 

DRY DEP         
(ng m-2 hr-1) 

CONC    (pg m-3) Vd          (cm s-1)        

Region GOM PBM GOM PBM GOM PBM Surface Year Reference Comments 

Micrometeorological 
Methods  

 
      

 
 

Barrow, Alaska REA 1.44  70 10 1 
 

Snow 2001 Lindberg et al., 2002 
2 hr sampling over 3 months in 
AMDE period. 

Bay St. François, 
Québec, Canada 

MBR 2.6 (0 - 25.6) 0.4 (0 - 8.7) 
3.63 


6.44 (0.5 
– 18) 

7.6 (0.012 – 
73) 

2.1 (0.001 – 
43.1) 

Wetlands 2002 Poissant et al.,  2004 
Tekran system with KCL-coated 
denuder and 1 hr sampling. 

Barrow, Alaska REA 5.11  35.1 
 

4.16 
 

Snow 2001 Skov et al., 2006 
REA coupled to KCl-coated denuder. 
During spring with AMDEs. 

Barrow, Alaska REA 17.71  39.9 
 

12.31 
 

Snow 2002 Skov et al., 2006 
REA coupled to KCl-coated denuder. 
During spring with AMDEs. 

Barrow, Alaska REA 27.83  81.8 
 

9.45 
 

Snow 2003 Skov et al., 2006 
REA coupled to KCl-coated denuder. 
During spring with AMDEs. 

Dynamic Flux Chambers   

Tennessee, USA MC 0.7 
 

49 – 53 
 

0.4 
 

Grass 1993 
Lindberg and Stratton, 
1998 

1 hr sampling. MBR approach using 
MC for fluxes. 

Tennessee, USA MC 21 – 58  98 - 350 
 

5.1 – 5.9 
 

Forest 
1992, 
1995 

Lindberg and Stratton, 
1998 

1 hr sampling. MBR approach using 
MC for fluxes. 

Surrogate Surfaces   

North America   

New Mexico, 
USA 

IXM 4.47  2.33  
    

Arid/ 
Remote 

1998 Caldwell, 2000  
Tekran 1130 with KCL-coated 
denuder. Ion-exchange membrane. 72 
hr intervals. 

New Mexico, 
USA 

IXM 4.0  3.42  
6.8 (1.6 - 
25.0) 

1.52 
(0.57 - 
7.2) 

  
Arid/ 
Remote 

2001-
2002 

Caldwell et al., 2006 
Tekran 1130 with KCL-coated 
denuder. Ion-exchange membrane. 24 
hr intervals. 

Garrett County, 
Maryland 

CEM 
0.37 (0.080 - 
1.512) 

 
10.40 (5.2 - 
32.9)  

0.97 (0.23 - 
1.65)  

Forest & 
agriculture 

2009-
2010 

Castro et al., 2012 
Tekran 1130 with KCL-coated 
denuder. ICE 450. 17 weekly 
sampling periods. 

Florida, USA CEM 0.05 – 0.2  2 – 7 2 – 3 0.78 – 1.8 
 

Grassland 
2009-
2010 

Gustin et al., 2012; 
Peterson et al., 2012 

Tekran system with 1 hr sampling. 
ICE 450 facing downward and 
collected bi-weekly. Adjusted with 
correction factor of Lyman et al., 
2009. 

Florida, USA PS 
0.14 (0.03 - 
0.46) 

 4.8 – 6.6 
2.3 (2 - 
65) 

1.33 (0.57 - 
6.8)  

Grassland 
2009-
2010 

Gustin et al., 2012; 
Peterson et al., 2012 

Tekran system with 1 hr sampling. 
Passive samplers exposed surfaces 
facing downward. 

Huntington, NY, 
USA 

CEM 0.1a  1.9  0.5    
Rural 
Forest 

2009-
2010 

Huang et al., 2012 
Tekran 1130 and 1135. KSS with ICE 
450 upward facing. 2 hr intervals. 

Rochester, NY, 
USA 

CEM 0.5a  4.2  2.0    
Suburban 2009 Huang et al., 2012 

Tekran 1130 and 1135. KSS with ICE 
450 upward facing. 2 hr intervals. 

Cleveland, Ohio, CEM 2.0a  29.5  4.9 Urban/ 2009 Huang et al., 2012 Tekran 1130 and 1135. KSS with ICE 



USA Industrial 450 upward facing. 1 hr intervals. 

Cleveland, Ohio, 
USA 

CEM 1.7a  29.5  4.9    
Urban/ 
Industrial 

2009 Huang et al., 2012 
Tekran 1130 and 1135. KSS with ICE 
450 downward facing. 1 hr intervals. 

California and 
Nevada, USA 

CEM 2.33  
    

High 
elevation 

2012-
2013 

Huang and Gustin, 
2015 

Tekran System and Mustang S 
sampler downward facing. 2 week 
samplings. 

California and 
Nevada, USA 

CEM 0.725  
    

Low 
elevation 

2012-
2013 

Huang and Gustin, 
2015 

Tekran System and Mustang S 
sampler downward facing. 2 week 
samplings. 

New York State, 
USA 

WSS 0.35 – 0.87  2.8 8 5.6 
 

Rural 
grassland  

Lai et al., 2011 Tekran system with 2 hr sampling.  

New York State, 
USA 

KSS 39.27 – 59.33  2.8 8 
  

Rural 
grassland  

Lai et al., 2011 
Tekran system with 2 hr sampling. 
Gold-coated QFF 

Michigan, USA WSS 3.33  
17.7
 

20.8 



  
Urban 2003 Liu et al., 2007 

Tekran system with 1 hr sampling. 
RGM denuder upstream. 

Nevada, USA CEM  
0.71 (0.24-
1.24) 

 10.11 10.89 1.72 
 

Rural 
2005-
2006 

Lyman et al., 2007 

Tekran 1130 & 1135 with KCL-
coated denuder. ICE 45S3R facing 
down and backing side exposed. No 
data from rain periods. 

Nevada, USA CEM  
1.34 (0.1 – 
4.54) 

 24.78 5.78 1.52 
 

Suburban 
2005-
2006 

Lyman et al., 2007 

Tekran 1130 & 1135 with KCL-
coated denuder. ICE 45S3R facing 
down and backing side exposed. No 
data from rain periods. 

Nevada, USA CEM 1.0  17 9 1.4 
 

High 
elevation 

2006-
2008 

Lyman et al., 2009 
Tekran System and ICE 450 facing 
downward. 2 hr sampling. 

Nevada, USA CEM 2.2  
  

2.6 
  

2008 Lyman et al., 2009 
Tekran System and ICE 450 facing 
downward. Rectangular mount. 

Georgia, USA CEM 0.2  7 3 0.9 
  

2006-
2008 

Lyman et al., 2009 
Tekran System and ICE 450 facing 
downward. 1 hr sampling. 

Florida, USA CEM 0.1  4 2 1.1 
  

2006-
2008 

Lyman et al., 2009 
Tekran System and ICE 450 facing 
downward. 1 hr sampling. 

Illinois, USA TSS 
2.22 (0.97 – 
3.06) 

 
     

2011 Lynam et al., 2014 Astro Turf with 72 hr sampling. 

Florida 
Everglades, USA 

WSS 0.54  
    

Mixed 
sawgrass 

1999 Marsik et al., 2007 
Tekran system wth 2 hr sampling. 
WSS covered during rainfall with ~12 
hr sampling. Dry season 

Florida 
Everglades, USA 

WSS 0.25  
    

Mixed 
sawgrass 

2000 Marsik et al., 2007 
Tekran system wth 2 hr sampling. 
WSS covered during rainfall with ~12 
hr sampling. Wet season 

Utah, USA CEM 0.5 - 1.9  2 – 14 
 

2.8 - 7.8 
 

Marina 
2006-
2007 

Peterson and Gustin, 
2008 

Tekran system with KCL-coated 
denuder. CEM facing down. 

Michigan, USA SS 0.19a  10 - 40 
 

0.1 - 0.5 
 

Mixed 
hardwood 

1996 Rea et al., 2000 
Teflon filter packs. 98 hr sampling. 
Assume GOM=1-3% TGM 

Four Corners, 
USA 

CEM 0.4 – 1.0  
  

~0.5 - 6.5 
 

Rural and 
urban 

2009-
2011 

Sather et al., 2013 
Tekran System and ICE 450 facing 
downward. 2 week sampling. 6 sites. 

Oklahoma, USA CEM 0.2  
    

Rural 
2009-
2011 

Sather et al., 2013 
Tekran System and ICE 450 facing 
downward. 2 week sampling. 

Oklahoma, USA CEM 0.2  
    

Rural 
2011-
2012 

Sather et al., 2014 
Tekran System and ICE 450 facing 
downward. 2 week sampling. 



Texas, USA CEM 0.2 (0.1 - 0.3)  
    

Urban and 
rural 

2011-
2012 

Sather et al., 2014 
Tekran System and ICE 450 facing 
downward. 2 week sampling. 4 sites. 

Washington, DC, 
USA 

CEM 0.19 – 6.96 0.01 – 0.14 400 200 0.13 – 4.83 0.02 – 0.20 
Research 
pier 

1998-
1999 

Sheu and Mason, 2001 
0.45 m Teflon filter in front of air 
inlet and one on top of quartz 
chamber. 6-24 hr sampling. 

Georgia, USA CEM  0.22  8 3 
  

Rural 
2007-
2008 

Weiss-Penzias et al., 
2011 

Tekran System and ICE 450 facing 
downward. 1 hr sampling.  

Florida, USA CEM 0.14  4 3 
  

Suburban 
2007-
2008 

Weiss-Penzias et al., 
2011 

Tekran System and ICE 450 facing 
downward. 1 hr sampling. 

California, USA CEM (0.3) 0.1 – 0.7  
    

Salt marsh 
2009-
2011 

Weiss-Penzias et al., 
2012 

Downward facing CEM. Collected 
weekly. 

California to 
Nevada, USA 

SS 0.2 - 2.4  0.5 - 67 4 - 25 
   

2010-
2012 

Wright et al., 2014 
Tekran system with  KCl-coated 
denuder 2 hr sampling. 1 week 
intervals. 

Asia   

Korea KSS 
0.62 (0.05 – 
1.64) 

0.06 (0.09 – 
2.21)     

Deciduous 
forest 

2008-
2010 

Han et al., 2016 
Tekran system. Units and conflicting 
values? 

Hung Kuang, Sha 
Lu, Taiwan 

DDP 
 

57.11 (25.28 
– 98.68)  

1.6 – 
55.7  

3.49 Traffic 2009 Fang et al., 2010 PS-1 Sampler’ PM2.5 

Westing Park, 
Taiwan 

DDP 
 

1.26 (0.84 – 
2.16)  

22 (14 – 
39)  

1.74 (0.595 
– 4.07) 

Urban 
2011-
2012 

Fang et al., 2012a Silicone grease coated. 

Hungkuang, Sha 
LuTaiwan 

DDP 
 

1.38 (0.9 – 
2.82)  

27 (15 - 
60)  

1.03 (0.592 
– 2.906) 

Traffic 
 

Fang et al., 2012a Silicone grease coated. 

Hungkuang, Sha 
LuTaiwan 

DDP 
 

6.96 
 

570 (27 – 
3100)  

0.34 Traffic 
2010-
2011 

Fang et al., 2012b 
Daily measurements but 9 month 
averages provided here MOUDI 100-
S4 sampler  

Gaomei, Taiwan DDP 
 

3.65 
 

170 (5 – 
1200)  

0.6  Wetland 
2010-
2011 

Fang et al., 2012b 
Daily measurements but 9 month 
averages provided here MOUDI 100-
S4 sampler 

Quanxing, Taiwan DDP 
 

9.70 
 

940 (45 – 
3100)  

0.29 Industrial 
2010-
2011 

Fang et al., 2012b 
Daily measurements but 9 month 
averages provided here MOUDI 100-
S4 sampler  

Taichung, Taiwan IXM 52.9  332 71.1 
  

Suburban/ 
Industrial 

2011 Huang et al., 2012 IXM with KSS 

Hungkuang, 
Taiwan 

IXM 1.2 – 1.62 1.08 – 1.56 
    

Traffic 
 

Fang et al., 2013 
KSS for GOM and PBM, DDP for 
PBM.(Abstract only) 

Hung Kuang, Sha 
Lu, Taiwan 

DDP 
 

0.96 - 1.32 
 

18 
 

1.483 
(0.823 – 
2.935) 

Traffic 2012 Fang et al., 2014 PS-1 Sampler; Nighttime - Daytime 

Hung Kuang, Sha 
Lu, Taiwan 

DDP 
 

1.32 / 0.96 
 

24 / 18 
 

1.37 / 1.48 Traffic 
2011-
2012 

Fang et al., 2016 
Daytime/ Nighttime; Silicone grease 
filter 

Taichung Airport DDP 
 

1.38 
 

27 
 

1.027 Airport 
2011-
2012 

Fang et al., 2016 Silicone grease filter 

Westing Park, Sha 
Lu, Taiwan 

DDP 
 

1.26 
 

22 
 

1.741 Urban 
2011-
2012 

Fang et al., 2016 Silicone grease filter 

Tokyo, Japan WSS 1.26  
    

Urban/ 
Industrial 

2002-
2003 

Sakata and Marumoto, 
2004 

Tekran 2600.WSS covered during 
rainfall. ~2 week sampling.   

Japan WSS 
0.9 
 

 
    

Urban and 
Remote 

2002-
2003 

Sakata and Marumoto, 
2005 

Tekran 2600.WSS covered during 
rainfall. ~2 week sampling.  9 sites. 



Japan WSS 1.22  
    

Urban and 
Remote 

2003-
2004 

Sakata et al., 2006 
Tekran 2600.WSS covered during 
rainfall. ~2 week sampling.  10 sites. 

Japan WSS 1.2  
 

17.3 
 

0.65 (0.12 - 
5.9) 

Urban and 
Remote 

2004-
2006 

Sakata and Asakura, 
2008 

Tekran 2600.WSS covered during 
rainfall. ~2 week sampling.  10 sites. 
Vd(PBM)=Vd(Cd and Pb) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4: Summary of available measurements of Hg concentrations in leaves and litter (ng g-1) and litterfall Hg (g m-2 yr-1). 

Site Name Country Forest Type Year of Sampling Hg in Leaves 
(ng g-1) 

Hg in Litter 
(ng g-1) 

Litterfall Hg 
(g m-2 yr-1) 

Reference Comments 

Asia         
Mangrove National Parks: Hainan 
Province, Guandong Province, Guangxi 
Autonomous, Fujian Province) 

SE China Mangroves July and August 
2008 

55.3 – 1755.8 
(Juvenile) 
203.7 – 1800.6 
(Mature) 

1180  1260 
(384.7 – 
2131.6) 

 Ding et al., 
2011 

Juvenile, mature, and litter leaves were 
hand sampled during low tide. 

Mt. Leigong, Guizhou Guizhou, SW 
China 

Cinnamomum camphora (L.) 
Presl forest 

May 2008 – May 
2009 

 106 30.4 Fu et al., 2010a Mountain peak. 0.25 m2 LFCs collected 
monthly. 

Mt. Leigong, Guizhou Guizhou, SW 
China 

Rhododendron simsii Planch 
forest 
 

May 2008 – May 
2009 

 57 17.6 Fu et al., 2010a Mountain peak. 0.25 m2 LFCs collected 
monthly. 

Mt. Leigong, Guizhou Guizhou, SW 
China 

Fargessia spathacea Franch 
forest 

May 2008 – May 
2009 

 110 
 

70.6 Fu et al., 2010a  Mountain peak. 0.25 m2 LFCs collected 
monthly. 

Mt. Gongga Area, Hailuogou National 
Forest Park 

Sichuan, SW 
China 

Grossulariaceae Aug 22-24, 2006 36.1  11.2  35.5 (All 
species) 

Fu et al., 2010b Collected from branches with fully 
developed undamaged leaves 

Mt. Gongga Area, Hailuogou National 
Forest Park 

Sichuan, SW 
China 

Maple Aug 22-24, 2006 34.5  34.5   Fu et al., 2010b Collected from branches with fully 
developed undamaged leaves 

Mt. Gongga Area, Hailuogou National 
Forest Park 

Sichuan, SW 
China 

Mountain Ash Aug 22-24, 2006 32.4  6.6   Fu et al., 2010b Collected from branches with fully 
developed undamaged leaves 

Mt. Gongga Area, Hailuogou National 
Forest Park 

Sichuan, SW 
China 

Emei Fir Aug 22-24, 2006 26.6  5.1   Fu et al., 2010b Collected from branches with fully 
developed undamaged leaves 

Mt. Gongga Area, Hailuogou Nationa 
Forest Park 

Sichuan, SW 
China 

Broad leaf Cuculidae Aug 22-24, 2006 24.2  9.6   Fu et al., 2010b Collected from branches with fully 
developed undamaged leaves 

Mt. Gongga Area, Hailuogou Nationa 
Forest Park 

Sichuan, SW 
China 

Woolly foliage Cuculidae Aug 22-24, 2006 12.2  2.9   Fu et al., 2010b Collected from branches with fully 
developed undamaged leaves 

Yadong Tibetan 
Plateau, NE 
China 

Pine and fir August 2008 5.4  2.9   Gong et al., 
2014 

Cut with scissors 2 m above ground, 1 
yr old needles 

Linzhi Tibetan 
Plateau, NE 
China 

Pine and fir August 2008 8.4  3.7 59.2 ± 21.8 
(28.3-101.0) 

4.2 Gong et al., 
2014 

Cut with scissors 2 m above ground, 1 
yr old needles.  Litter conc. was 
assumed to be 1.5 times foliar 
concentration.  

Nujiang River Tibetan 
Plateau, NE 
China 

Pine August 2008 12.2  5.0   Gong et al., 
2014 

Cut with scissors 2 m above ground, 1 
yr old needles 

Sichuan Tibetan 
Plateau, NE 
China 

Pine August 2008 13.6  11.0   Gong et al., 
2014 

Cut with scissors 2 m above ground, 1 
yr old needles 

Mt. Damei, Zhejiang E China  August 2012 – 
July 2013 

 46.6 26.0 Lang et al., 
2014 

MSc. Dissertation (in Chinese). Still 
need. 

TieShanPing SW China Masson pine (Pinus 
massoniana) 

2010 – 2011  31.4  2.8 
(Control) 
30.2  5.5 
(FGDG) 

116.9  19.2 
(Control) 
106.5  15.8 
(FGDG) 

22.3 (Control) 
20.9 (FGDG) 

Luo et al., 2015 1m2 collected monthly. FGDG = Flue 
Gas Desulfurization Gypsum. Needles 
cut from crown top of trees (15-25m). 

TieShanPing SW China Herbaceous plants 2010 – 2011  53.3  12.3   Luo et al., 2015 Leaves sampled early November each 



(Woodwardia japonica, 
Dryopteris fuscipes, Dryopteris 
pedata, Miscanthus sinensis) 

(Control) 
40.95  14.1 
(FGDG) 
(18.5 – 85.7) 

year. FGDG = Flue Gas Desulfurization 
Gypsum 

Mt. Jinyun National Natural Reserve SW China Subtropical evergreen broadleaf 
forest 

September 2012  104.5 ± 23.5 43.5 Ma et al., 2015 0.25 m2 litter traps from 4 locations. 

Mt. Simian National Natural Reserve SW China Subtropical evergreen broadleaf 
forest 

March 2012 – 
February 2013 

 106.7 ± 18.3 42.89 Ma et al., 2016 0.25 m2 litter traps from 4 locations 
collected monthly. 

Suburban mountainous areas, China (22 
sites) 

China Suburban evergreen broadleaf 
forest 

Not provided  50.8 ± 39.4 
(8.3-205.0) 

17.9 Niu et al., 2011  

Suburban mountainous areas, China (22 
sites) 

China Suburban deciduous broadleaf 
forest 

Not provided  25.8 ± 10.1 
(13.3-49.3) 

8.37 Niu et al., 2011  

Beijing N China Urban forests (mainly 
deciduous) 

Not provided  28.1 ± 16.6 
(8.8-119.0) 

 Niu et al., 2011 LUCs include suburban, landfill, 
universities, parks, and streets. 

TieShanPing SW China Masson Pine dominated, 
coniferous-broad leave mixed 
subtropical forest 

March 2005 – 
March 2006 

 104.8 ± 18.6 219.9 Wang et al., 
2009 

1 m2 nylon nets 1 m above forest floor 
were collected monthly. 

LeiGongShan SW China Pinus armandii dominated, 
coniferous-broad leave mixed 
subtropical forest 

March 2005 – 
February 2006 

 135.1 ± 31.7 78.3 Wang et al., 
2009 

1 m2 nylon nets 1 m above forest floor 
were collected monthly. 

Xujiaba region, Mt. Ailao SW China Montane moist evergreen 
broad-leaved primary forest 

June 2011 – May 
2012 

 54 (43-62) 71.2 Zhou et al., 
2013 

1 m2 litterfall collectors collected 
monthly 

Tieshanping National Forest Park SW China Masson pine dominated 
coniferous-broad leave mixed 
subtropical forest 

March 2014  150 ± 21 (110-
180) 

 Zhou et al., 
2015 

Litter (1-4 cm) Altitude 200-400 m 

Tieshanping National Forest Park SW China Masson pine dominated 
coniferous-broad leave mixed 
subtropical forest 

March 2014  157 ± 23 (109-
208) 

 Zhou et al., 
2015 

Altitude 400-500 m 

Tieshanping National Forest Park SW China Masson pine dominated 
coniferous-broad leave mixed 
subtropical forest 

March 2014  160 ± 26 (113-
201) 

 Zhou et al., 
2015 

Altitude 500-600 m 

Amazon         
Negro River Basin (AM) Brazil Tropical rainforest January – 

December 2003 
 48 ± 10 (35.4-

61.5) 
43  15 da Silva et al., 

2009 
1 m2 nylon traps 20 cm above ground 
sampled monthly. Naturally high Hg 
levels 

Atlantic Forest  - PEFI, São Paulo Brazil Urban forest May – September 
2001 

 97 72  48 Fostier et al., 
2003 

6 months sampling, dry season. 

Atlantic Forest  - Cunha, São Paulo Brazil Rural forest May – September 
2001 

 70 60  36 Fostier et al., 
2003 

6 months sampling, dry season. 

Negro River Basin (AM) Brazil Partially flooded tropical 
rainforest 

1999 60 ± 23   Fostier et al., 
2015 

19 samples collected at different tree 
heights. Previously unpublished data. 

Alta Floresta (MT) Brazil Old-growth tropical rainforest 2013  55 ± 10 49  14 Fostier et al., 
2015 

6 different sample sites. 

Candelas de Jamari (RO) Brazil Old-growth tropical rainforest 2013  61 ± 11  Fostier et al., 
2015 

4 different sample sites. 

Candelas de Jamari (RO) Brazil Old-growth tropical rainforest 2014  57  Fostier et al., 
2015 

6 different sample sites. 

Amazonian Forest Brazil Tropical rainforest   48 ± 10 43  14 Magarelli, 2006 6 months sampling 
EMBRAPA farm, Rio Branco, Acre Brazil Ombrophilous Open Forest July 2011 33 ± 18 mean 

(11.59-55) 
 40  ± 5  0.62 g ha-1 Melendez-Perez 

et al., 2014 
Litterfall manually picked up during 
felling prior to burning 



Les Nouragues French Guiana Tropical rainforest (3 Species) 1999 59 ± 28 (32-
114) 

 45  10 Mélières et al., 
2003 

1-3 yr old leaves from upper canopy, 
high forest drained soil.  

Pic Matecho French Guiana Tropical rainforest (5 Species) 2001 70 ± 16 (52.4-
103.0) 

  Mélières et al., 
2003 

Upper canopy leaves from high forest, 
drained soil (64 ng/g average for both 
years) 

Alta Floresta, Mato Grosso Brazil Old-growth tropical rainforest 
(10 tree species) 

2004 46 ± 9 (35.1-
58.1) 

60 ± 10 16.3 Mg ha-1 Michelazzo et 
al., 2010 

Foliage collected at different heights, 
litter from 5 locations after felling. 

Alta Floresta, Mato Grosso Brazil Old-growth tropical rainforest 
(10 tree species) 

2005 33 ± 10 (19.3-
57.9)  

111 ± 23  Michelazzo et 
al., 2010 

Foliage collected at different heights, 
litter from 5 locations after felling. 

Sor River Catchment, Galicia Spain Oak and birch November 1997 
and 2001 

 143.8  26.3   Nóvoa-Muñoz 
et al., 2008 

1 m2 boxes with nylon nets 50 cm above 
ground. 

Sor River Catchment, Galicia Spain Heather November 1997 
and 2001 

 85.7   4.4  Nóvoa-Muñoz 
et al., 2008 

30 cm2 boxes with nylon nets 50 cm 
above ground. 

Sor River Catchment, Galicia Spain Gorse November 1997 
and 2001 

 92.2   0.5  Nóvoa-Muñoz 
et al., 2008 

30 cm2 boxes with nylon nets 50 cm 
above ground. 

Sor River Catchment, Galicia Spain Pine November 1997 
and 2001 

 128.4   0.5  Nóvoa-Muñoz 
et al., 2008 

1 m2 boxes with nylon nets 50 cm above 
ground. 

Maciço da Peda Branca, Rio de Janeiro Brazil Urban rainforest August 2000 – 
July 2001 

 170 ± 70 128 Oliveira et al., 
2005 

 

Tapajós River Valley, Pará state Brazil Rainforest on plateau (6 sites)   73 (58 – 100) 52 Roulet et al., 
1998 

300 m2 circular area. 

French Guiana French Guiana Old-growth tropical rainforest 
(3 sites) 

1992, 1994, 1995 142 ± 52 (51-
291) 

119 ± 26 (60-
197) 

118 Roulet et al., 
1999 

15 cm dia. PVC tube soil core  

Tocantins Brazil Old-growth tropical rainforest 
(1 site) 

1992, 1994, 1995 93 ± 23 (63-
128) 

114 ± 40 (67-
162) 

 Roulet et al., 
1999 

15 cm dia. PVC tube soil core 

Tapajós Basin Brazil Partially/Permanently flooded 
tropical rainforest (13 sites) 

1992, 1994, 1995 73 ± 38 (3-
198) 

82 ± 12 (51-
109) 

 Roulet et al., 
1999 

15 cm dia. PVC tube soil core 

Atlantic Forest  - Ilha Grande, Rio de 
Janeiro 

Brazil Primary forest (134 species 
over 26 plots)  

January-December 
1997 

 131 ± 74 (20-
244) 
99 ± 54 (Dec-
May) 
225 ± 17 (Jun-
Aug) 

122 Silva-Filho et 
al., 2006 

0.25 m2 litter traps collected monthly. 
Higher values in dry season than rainy 
season. 

Camorim Forest, Rio de Janeiro Brazil Secondary tropical forest Nov. 2005 – Oct. 
2006 

 238 ± 52 (167-
334) 

184  98 Teixeira et al., 
2012 

0.25 m2 plastic litter traps (15 days) 

Europe         
Botanical Garden Pisa, Italy Pine needles  55.8  4.4 – 

102.7  17.5 
  Barghigiani et 

al., 1991 
 

Giardino Scotto, public park Pisa, Italy Pine needles  10.5  5.3 – 
22.5  2.8 

  Barghigiani et 
al., 1991 

Mining area. 

Lake Gårdsjön catchment SW Sweden Norway spruce Picea abies (L.) 
Karst (50-70 yr old stand) 

December 1989 45.2  15.0 
(20 – 80) 

125.2  19.7 
(97.4 – 140.6) 

25 Iverfeldt, 1991 Spruce needles were 1-2 yrs old. 
Litterfall collected with nets. 

Junsele N Sweden Norway spruce (>80 yrs old)   17 - 313  Jiskra et al., 
2015 

Litter collected after snowmelt. 

Langtjern, Buskerud SE Norway Nutrient-poor sparse pine 
forests (2 sites) 

April 2004 – 
October 2005 

 28.0  3.7 
32.7  11.7 

1.9 and 3.5 Larssen et al., 
2008 

Collected monthly. Higher Hg 
concentrations in old needles than fresh.  

Langtjern, Buskerud SE Norway Moderately productive spruce April 2004 – 
October 2005 

 50.2  12.7 9.9 Larssen et al., 
2008 

Collected monthly. Higher Hg 
concentrations in old needles than fresh.  

Svartberget Catchment N Sweden Mature Norway spruce and 
Scots pine 

1994 – 1997     17 (9 – 20) Lee et al., 2000 Nylon nets collected monthly. 



Etna Volcano Sicily Deciduous Casranea sativa 
(sweet chesnut) 

2005 – 2008, 2010 
– 2011 

19 – 190    Martin et al., 
2012 

[Hg] higher later in the growing season. 

Gårdsjön catchment SW Sweden Coniferous forest March – August 
1993 

 33 – 140 10.4 Munthe et al., 
1995 

Nylon nets collected monthly. 

Gårdsjön catchment SW Sweden Norway spruce 1995 – 1997    23 Munthe et al. 
1998 

 

Lehstenbach catchment, Fichtelgebirge 
mountains, Bavaria 

Germany Coniferous, primarily Norway 
spruce (different ages) 

April 1998 – April 
1999 

 68 (33 – 88) 15.7 Schwesig and 
Matzner, 2000 

35 cm dia. funnels with 15 cm dia. 
PTFE nets 1 m above ground were 
collected monthly. 

Steinkreuz catchment, Steigerwalk 
mountains, Bavaria 

Germany Deciduous: Faugs sylvatica L. 
and Quercus petraea (Matt.) 
Liebl. (~130 yrs old) 

April 1998 – April 
1999 

 59 (46 – 75) 34 Schwesig and 
Matzner, 2000 

1 m2 fiberglass nets at the ground were 
collected monthly. 

Lehstenbach catchment, Fichtelgebirge 
mountains, Bavaria 

 Coniferous, primarily Norway 
spruce (~140 yrs old) 

September 1998 – 
September 1999 

 70 (33 – 88) 15.1 Schwesig and 
Matzner, 2001 

35 cm dia. funnels with 15 cm dia. 
PTFE nets 1 m above ground were 
collected bi-monthly. 

Lehstenbach catchment, Fichtelgebirge 
mountains, Bavaria 

Germany Ground vegetation in 
coniferous forest: Deschampsia 
flexuosa (L.) Trin., 
Calamagrotis villosa (Chaix) 
J.F. Gmel, and Vaccinium 
myrtillus L. 

May, July, August 
2000 

  0.04 – 1.0 Schwesig and 
Krebs, 2003 

3 sampling events.  

Karkonosze National Park Poland Mountainous forests (68 Sites)   380  50 (40 – 
970) 

 Szopka et al., 
2011 

Highest Hg concentrations at 
intermediate altitudinal zone. 

Malmö Southern 
Sweden 

Italian Rye Grass (Lolium 
hultiflorum) Open Field (6 
sites) 

1990-1994 66 ± 28 (40-
98) 

 42 Xiao et al., 
1998 

Clippings collected every second week. 
Average decreased from 76 to 41 from 
1990 to 1994. 

North America         
Adirondack Park, NY 45 Sites USA Red Spruce Aug. 4-15, 2009 5.5 ± 3.0 (Age 

0) 
13.9 ± 5.4 
(Age 1) 

  Blackwell and 
Driscoll, 2015a 

Steel shotgun pellet leaf retrieval 

Adirondack Park, NY 45 Sites USA Red Pine Aug. 4-15, 2009 5.2 ± 1.5 (Age 
0) 
18.0 ± 2.5 
(Age 1) 

  Blackwell and 
Driscoll, 2015a 

Steel shotgun pellet leaf retrieval 

Adirondack Park, NY 45 Sites USA White Pine Aug. 4-15, 2009 6.3 ± 1.1 (Age 
0) 
22.7 ± 4.2 
(Age 1) 

  Blackwell and 
Driscoll, 2015a 

Steel shotgun pellet leaf retrieval 

Adirondack Park, NY 45 Sites USA Balsam Fir Aug. 4-15, 2009 7.5 ± 2.7 (Age 
0) 
19.4 ± 6.3 
(Age 1) 

198 ± 73  Blackwell and 
Driscoll, 2015a 

Steel shotgun pellet leaf retrieval. PVC 
tubes soil core. 

Whiteface Mountain, Adirondack Park, 
NY 

USA Hardwood, Spruce-fir, Alpine June 2009 – June 
2011 

  6.3 
(hardwood) 
9.15 (spruce-
fir) 
4 (alpine) 

Blackwell and 
Driscoll, 2015b 

Green foliage from high canopies, litter 
in plastic crates. 

Huntington Wildlife Forest, Adirondack 
Mountains 

New York 
State, USA 

A. saccharum Marsh (sugar 
maple) 

May 31, 2005  
Oct. 2, 2005 

3.2  0.4 -  
32.3  9.4 

42.3  1.5 
(2004) 

8.21 (2004) 
7.73 (2005) 

Bushey et al., 
2008 

Foliage collected monthly, shot down 
from ~10m. 0.25m2 traps collected litter 



46.9 ± 5.6 
(2004) 
51.8 ± 1.0 
(2005) 

46   
1.1(2005) 

monthly. 

Huntington Wildlife Forest, Adirondack 
Mountains 

New York 
State, USA 

F. grandifolia Ehrh (American 
beech) 

May 31, 2005  
Oct. 2, 2005 

5.6  3.6 -  
47.3  12.4 
61.6 ± 5.9 
(2004) 
57.9 ± 0.2 
(2005) 

75.35  13.8 
(2004) 
60.6  6.8 
(2005) 

9.44 (2004) 
8.67 (2005) 

Bushey et al., 
2008 

Foliage collected monthly, shot down 
from ~10m. 0.25m2 traps collected litter 
monthly. 

Huntington Wildlife Forest, Adirondack 
Mountains 

New York 
State, USA 

Betula allenghaniensis (yellow 
birch) 

May 31, 2005  
Oct. 2, 2005 

4.4  3.3 -  
29.1  4.6 

35.8  1.9 
(2004) 
45.5 (2005) 

0.3 (2004) 
0.02 (2005) 

Bushey et al., 
2008 

Foliage collected monthly, shot down 
from ~10m. 0.25m2 traps collected litter 
monthly. 

Sunday Lake Watershed, Adirondack, 
New York 

USA North temperate mixed 
deciduous (American beech) 

October 2001, 
May and October 
2002, May, 
September and 
December 2003 

 56.9 ± 2.1 
(Initial) 
118.8 ± 8.7 
(Final) 

14.9  0.5 Demers et al., 
2007 

Litterbags over 750 day study. 

Sunday Lake Watershed, Adirondack, 
New York 

USA Coniferous forest (red spruce 
and balsam fir) 

October 2001, 
May and October 
2002, May, 
September and 
December 2003 

 39.0 ± 0.8 
(Initial) 
88.5 ± 6.6 
(Final) 

9.7  0.2 Demers et al., 
2007 

Litterbags over 750 day study. 

USDA Forest Service Marcell 
Experimental Forest, Grand Rapids, 
Minnesota 

USA Black spruce picea mariana 
Sphagnum bog 

August – 
November 1995 

 29.7  2.4 
(leaves and 
needles) 
126  19 
(other) 

11.7  1.36 Grigal et al., 
2000 

28.5 cm dia. collectors collected three 
times. 

USDA Forest Service Marcell 
Experimental Forest, Grand Rapids, 
Minnesota 

USA Deciduous aspen populus 
tremuloides, paper birch, and 
red maple (upland) 

August – 
November 1995 

 38.3  1.4 
(leaves and 
needles) 
34.3  6.9 
(other) 

12.5  0.85 Grigal et al., 
2000 

28.5 cm dia. collectors collected three 
times. 

Great Smoky Mountains National Park - 
Clingmans Dome 

USA Primarily red spruce with some 
Fraser fir 

2008-2009 (April-
October) 

 52.14 ± 3.99 
50.86 ± 11.47 

10.34 Fisher and 
Wolfe, 2012 

Wood and nylon screen traps 

Great Smoky Mountains National Park - 
Noland Divide 

USA Red spruce with yellow birch, 
American ash, and striped 
maple 

2008-2009 (April-
October) 

 55.03 ± 5.03 
72.66±16.29 

14.15 Fisher and 
Wolfe, 2012 

Wood and nylon screen traps 

Great Smoky Mountains National Park - 
Noland Creek 

USA Mixed-deciduous oaks and 
tulip poplar 

2008-2009 (April-
mid-November) 

 32.03 ± 5.47 
42.95 ± 11.03 

29.31 Fisher and 
Wolfe, 2012 

Wood and nylon screen traps 

Prince Albert National Park, 
Saskatchewan 

Canada Boreal forest upland (mature 
and immature pine, spruce, 
conifers, aspen, immature 
deciduous) 

  68.3 ± 3 (39 yr 
old stand) 
127.1 (180 yr 
old stand) 

22.0 (young) 
17.4 (old) 

Friedli et al., 
2007 

Foliage and lichen concentrations also 
measured. 

Experimental Lakes Area, NW Ontario Canada Fire-regenerated upland forest 
of young dense jack pine with 
birch 

2001 – 2006   29.5 ± 2.6 9 Graydon et al., 
2008 

625 cm2 collectors collected each year in 
early May and late October. 

Experimental Lakes Area, NW Ontario Canada Forested wetland of black 
spruce, jack pine, and alder 

2001 – 2006  38.2 ± 7.0 10.3 Graydon et al., 
2008 

625 cm2 collectors collected each year in 
early May and late October. 

Experimental Lakes Area, NW Ontario Canada Mature black spruce and 2001 – 2006  48.4 ± 9.6 11.0 Graydon et al., 625 cm2 collectors collected each year in 



balsam fir 2008 early May and late October. 
Experimental Lakes Area, Precambrian 
Shield, Ontario 

Canada Pine  Autumn 1999; 
Spring and 
Autumn 2000 and 
2001 

14.07 (Initial) 16.09 ± 0.07 
(79 days) 
21.92 ± 1.42 
(431 days) 
35.41 ± 2.98 
(798 days) 

 Hall and St. 
Louis, 2004 

Decomposing plant study using 
litterbags in unflooded sites. 
Compensation point of 30 ng g-1 
observed. 

Experimental Lakes Area, Precambrian 
Shield, Ontario 

Canada Birch Autumn 1999; 
Spring and 
Autumn 2000 and 
2001 

7.13 (Initial) 13.27 ± 1.07 
(79 days) 
30.71 ± 4.01 
(431 days) 
40.91 ± 6.42 
(798 days) 

 Hall and St. 
Louis, 2004 

Decomposing plant study using 
litterbags in unflooded sites. 
Compensation point of 30 ng g-1 
observed. 

Experimental Lakes Area, Precambrian 
Shield, Ontario 

Canada Herbs and Shrubs (alder, 
blueberry, bunchberry, 
Labrador tea leaves) 

Autumn 1999; 
Spring and 
Autumn 2000 and 
2001 

5.75 – 27.13 
(Initial) 

10.95 – 33.87 
(79 days) 
24.18 – 35.92 
(431 days) 
33.29 – 66.36 
(798 days) 

 Hall and St. 
Louis, 2004 

Decomposing plant study using 
litterbags in unflooded sites. 
Compensation point of 30 ng g-1 
observed. 

Appalachian Plateau, Pennsylvania USA Austrian pine October 2004 - 
2010 

18.8  7.3 (all 
yrs) 
22.0  7.3 
(2004) 
17.9  6.7 
(2010) 

  Hutnik et al., 
2014 

Readily accessible lower branches (1-2 
m). All age needles. Older needles had 
higher [Hg]. 

Cadillac Brook Watershed, Acadia 
National Park, Maine 

USA Predominantly deciduous 
maple-American beech forest 
(thin soil, fire 1947) 

September – 
November  2000  

 39.7 ± 3.1 57.1 Johnson, 2002 0.15 m2 collectors, only collected in the 
fall. 

Hadlock Brook Watershed, Acadia 
National Park, Maine 

USA Predominantly coniferous 
spruce-fir forest (thick soil) 

September – 
November  2000  

 51.3 ± 6.3 29.0 Johnson, 2002 0.15 m2 collectors, only collected in the 
fall. 

Vermont (15 sites) Vermont, 
USA 

Northern hardwood and mixed 
hardwood/conifer 

2008 and 2009 
(October) 

 50.0 ± 19.0 
(29.4-110) 

17.9 (12.6 – 
28.5) 

Juillerat et al., 
2012 

Falling leaves individually collected 
during dry weather. Range is of mean 
values for different species 

Sunday Lake Watershed USA Coniferous (red spruce, balsam 
fir, eastern hemlock, eastern 
white pine) 

October 2000  40.3  3.7 – 
74.3  7.5 
(eastern white 
pine – red 
spruce) 

5.7 Kalicin et al., 
2008 

Leaves collected by hand  

Sunday Lake Watershed USA Deciduous (American beech, 
yellow birch, sugar maple) 

October 2000   15 Kalicin et al., 
2008 

Leaves collected by hand  

Walker Branch Watershed, TN Tennessee, 
USA 

Hardwood   105 30.0 Lindberg et al., 
1996 

 

Walker Branch Watershed, TN Tennessee, 
USA 

Softwood   61  Lindberg et al., 
1996 

 

Sunday Lake USA American beech (Fagus 
grandifolia) 

June – September 
2002 

22.9 – 41.7 
(Sun) 
24.0 – 49.0 
(Shade) 

  McLaughlin et 
al., 2008 

Sun: ends of branches outside canopy 
and shade: branches close to tree trunks. 

Sunday Lake USA Upland balsam fir (Abies 
balsamea) 

June – September 
2002 

10.9 – 31.5 
(Sun) 

  McLaughlin et 
al., 2008 

Sun: ends of branches outside canopy 
and shade: branches close to tree trunks. 



3.8 – 59.2 
(Shade) 

14 Forest sites USA 17 different species 2007-2009 25 (8-48) 38 (22-83)  Obrist et al., 
2011 

Fresh foliage directly cut from trees. 
Fresh undecomposed surface litter 
picked directly from floor. 

Thompson Research Center, Cedar River, 
Seattle, Washington 

USA Mature douglas fir and red 
alder (~70 yrs) 

July 2008 ~50 (fir) 
~10 (alder) 

~70 (fir) 
~35 (alder) 

8.4 (fir) 
9.0 (alder) 

Obrist et al., 
2012 

Litter picked manually from ground. 
Foliage clipped from lower branches. 
([Hg] estimated from graph) 

Bartlett, New Hampshire USA Mixed deciduous (beech, 
yellow birch, sugar maple, 
eastern hemlock) 

Late summer and 
fall 2008 

32.4  4.2 55.4  Pokharel and 
Obrist, 2011 

Litter bags placed for one year. 
Laboratory decomposition study also 
preformed. 

Reno, Nevada USA Aspen stand (Populous 
tremuloides) 

Late summer and 
fall 2008 

50.2  1.6 65.2  Pokharel and 
Obrist, 2011 

Litter bags placed for one year. 
Laboratory decomposition study also 
preformed. 

Sierra Nevada Mountains, Georgetown, 
California 

USA Pine forest (ponderosa pine, 
sugar pine, white fir, incense 
cedar, Douglas fir, California 
black oak) 

Late summer and 
fall 2008 

39.3  2.5 ~40  Pokharel and 
Obrist, 2011 

Litter bags placed for one year. 
Laboratory decomposition study also 
preformed. 

Sierra Nevada foothills, Marysville, 
California 

USA Blue oak forest (Quercus 
douglasii) 

Late summer and 
fall 2008 

40.7  1.5 61.7  Pokharel and 
Obrist, 2011 

Litter bags placed for one year. 
Laboratory decomposition study also 
preformed. 

The Precambrian Shield region, 
Huntsville, Ontario 

Canada Balsam fir and white spruce 1989, 1990 15 - 1989 
26 – 1990 
(balsam fir) 
12 - 1989 
28 – 1990 
(spruce) 

  Rasmussen, 
1991, 1995 

Collected from boughs at waist-height. 

The Precambrian Shield region, 
Huntsville, Ontario 

Canada Sugar maple (Acer saccharum 
Marsh) 

1989, 1990 9 (6 – 25) – 
1989 
24 (17 – 41) - 
1990 

  Rasmussen, 
1993, 1994 

 

Lake Champlain Basin, Underhill Center, 
VT 

Vermont, 
USA 

Mixed hardwood forest August - 
September 1994 

34.2 ± 7.2 
(13.3-49.1) 

53.2 ± 11.4 
(37.8-76.9) 

13.0 Rea et al., 1996 Fresh leaves cut with pole pruner, LFCs 
(0.25 m2) collected twice per week  

Lake Huron Watershed, University of 
Michigan Biological Station, Pellston 

Michigan, 
USA 

Second-growth northern-mixed 
hardwood forest (80-90 yrs 
old): maple, beech, birch 

June – November 
1996 

3.3  1.1 
(May) 
4.9  0.4  
(June) 
14.4   2.4 
(July) 
21.0   2.4 
(August) 
23.1  4.1 
(September) 

32.5  8.1 11.4  2.8 Rea et al., 2002 Foliage collected mid-canopy (7-12m). 
Litter composited early and late season. 

Lake Champlain Basin, Underhill Center, 
VT 

Vermont, 
USA 

Second-growth northern-mixed 
hardwood forest (80-90 yrs 
old): maple, beech, birch, oak, 
and aspen 

June – November 
1995 

3.6  2.6 
(May) 
6.9  0.9  
(June) 
18.8   0.5 
(August) 
28.8   2.4 

47.1  5.6 15.8  1.9 Rea et al., 2002 Foliage collected mid-canopy (9-12m).  



(September) 
Green Mountains, Vermont USA Coniferous (balsam fir, red 

spruce, eastern hemlock) 
Early October 
2012, 2013, 2014 

  3 Richardson and 
Friedland, 2015 

Foliage from middle canopy (3-6m). 
Litter sampled July-September 2012. 

Green Mountains, Vermont USA Deciduous (American beech, 
sugar maple, red maple, striped 
maple, paper birch, yellow 
birch) 

Early October 
2012, 2013, 2014 

  24 Richardson and 
Friedland, 2015 

Foliage from middle canopy (3-6m). 
Litter sampled July-September 2012. 

23 MDN Sites in 15 States Eastern USA Predominantly Deciduous  2007-2009  41.1 (21.3-
62.7) 

12.3(3.5 – 
23.4) 

Risch et al., 
2012 

Over 3 Years Autumn (Sept.-Dec.) 
passive litterfall collectors. Median 
value. 

Hadlock Brook and Cadillac Brook 
watersheds, Acadia National Park, Mount 
Desert Island (39 sites) 

Eastern 
Maine, USA 

Hardwoods Oct. 2002 – Nov. 
2003 

 31.6 ± 2.6 
(10.7-55.6) 

10 (all 
Hadlock) 
10.1 (all 
Cadillac) 

Sheehan et al., 
2006 

LFC periods 30-133 days 

Hadlock Brook and Cadillac Brook 
watersheds, Acadia National Park, Mount 
Desert Island (39 sites) 

Eastern 
Maine, USA 

Softwoods Oct. 2002 – Nov. 
2003 

 58.8 ± 3.3 
(17.2-133.4) 

 Sheehan et al., 
2006 

LFC periods 30-133 days 

Hadlock Brook and Cadillac Brook 
watersheds, Acadia National Park, Mount 
Desert Island (39 sites) 

Eastern 
Maine, USA 

Mixed Oct. 2002 – Nov. 
2003 

 41.7 ± 2.8 
(15.4-110.8) 

 Sheehan et al., 
2006 

LFC periods 30-133 days 

Hadlock Brook and Cadillac Brook 
watersheds, Acadia National Park, Mount 
Desert Island (39 sites) 

Eastern 
Maine, USA 

Scrub Oct. 2002 – Nov. 
2003 

 40.6 ± 2.7 
(24.9-89.2) 

 Sheehan et al., 
2006 

LFC periods 30-133 days 

Experimental Lakes Area, NW Ontario Canada Fire-regenerated upland forest 
of dense jack pine with birch 

June 1995 – May 
1996  

 42 ± 19 (25 – 
79) 

14 (11-22) St Louis et al.,  
2001 

30 cm x 30 cm collectors 

Experimental Lakes Area, NW Ontario Canada Forested wetland of tamarack 
and black spruce, and wetland 
shrubs (leatherleaf, Labrador 
tea, alder) 

June 1995 – May 
1996 

 51 ± 14 (35 – 
69) (trees) 
32 ± 1.7 (30 – 
34) (shrubs) 

7.2 (6.4 – 8.6) St Louis et al.,  
2001 

30 cm x 30 cm collectors 

Arbutus Lake Watershed, Hungtington 
Wildlife Forest, Adirondack, New York 

USA Northern hardwood forest 
(American beech, sugar maple, 
eastern hemlock, red spruce, 
balsam fir) 

August 2004 – 
June 2006 

Alder: 6.6  
1.1 (June) 
61.1  13.6 
(October) 

47.6  3.0 
(2004) 
46.2  1.7 
(2005) 
45.7  5.1 
(2006) 

6.0 Selvendiran et 
al., 2008 

0.25 m2 litter traps 

 

 

 

 

 

 



 

Table S5: Summary of available measurements Hg concentrations in throughfall (ng L-1) and throughfall Hg (g m-2 yr-1). 

Site Name Country Forest Type Year of 
Sampling 

Hg in 
Throughfall 
(ng L-1) 

Throughfall Hg 
(g m-2 yr-1) 

Comments Reference 

Asia        
Deciduous        
Mt. Leigong, Guizhou Guizhou, 

SW China 
Cuculidae forest May 2008 – 

May 2009 
8.9 (2.8–32.5) 10.5 Mountain peak. Samplers collected weekly.  Fu et al., 2010a 

Mt. Gongga Area, 
Hailuogou National Forest 
Park 

Sichuan, 
SW China 

Broadleaf cuculidae forest May 2006 – 
Apr 2007 

43.6 ± 12.5 56.5 Samples collected weekly during rainy 
season. None collected during winter due to 
snow. 

Fu et al., 2010b 

Mt. Gongga Area, 
Hailuogou National Forest 
Park 

Sichuan, 
SW China 

Emei fir forest May 2005 – 
Apr 2006 

36.8 ± 9.2 57.6 Samples collected weekly during rainy 
season. None collected during winter due to 
snow. 

Fu et al., 2010b 

TieShanPing SW China Masson pine (Pinus massoniana) 2010 – 2011   67.5 (Control) 
64.0 (FGDG) 

Collectors placed in October 2009. Starting 
in 2010 collected weekly. 

Luo et al., 2015 

Mt. Jinyun National Natural 
Reserve 

SW China Evergreen broadleaf forest May 2012-
Feb 2013 

20.1 ± 12.3 21.8 15 cm diameter bulk samplers collected after 
precipitation events.  

Ma et al., 2015 

Mt. Simian National Natural 
Reserve 

SW China Evergreen broadleaf forest May 2012-
Feb 2013 

24.0 ± 7.9 32.2 Samplers collected after each precipitation 
event. 

Ma et al., 2016 

TieShanPing SW China Masson Pine dominated, coniferous-broadleaf 
mixed subtropical forest 

Mar 2005 – 
Mar 2006 

69.7 (11.7–
582.9) 

71.3 10.6 cm diameter funnel/bottles were 
collected weekly. 

Wang et al., 2009 

LeiGongShan Guizhou, 
SWChina 

Pinus armandii dominated,  coniferous-
broadleaf  mixed subtropical forest 

Mar 2005 – 
Feb 2006 

36.7(8.1–
285.9) 

41.2 10.6 cm diameter funnel/bottles were 
collected weekly. 

Wang et al., 2009 

LuChongGuan China Masson pine and Cunning-hamia landeolata 
dominated,  coniferous-broadleaf mixed 
subtropical forest 

Jan 2005 – 
Jan 2006 

43.6 (3.5–
493.3) 

49.0 10.6 cm diameter funnel/bottles were 
collected weekly. 

Wang et al., 2009 

Amazon        
Serra do Navio, Amapá State Brazil Tropical rainforest Mar – Aug 

1997 
47.9 (16.5 – 
82.7) 

72 167.4 cm2 funnels collected monthly. Fostier et al., 2000 

Europe        
Deciduous        
Steinkreuz Catchment, 
Steigerwalk Mountains 

Bavaria, 
Germany 

Deciduous: Faugs sylvatica L. and Quercus 
petraea (Matt.) Liebl. (~130 yrs old) 

Apr 1998 – 
Apr 1999 

28 (10–227) 27.8 15 cm dia. funnel with 4 cm dia. tubes and 
PVC plates were collected bi-weekly. 

Schwesig and Matzner, 2000 

        
Coniferous        
Örebro, Balsjö, Svartberget S and N 

Sweden 
Mixed coniferous 
Norway spruce (P. abies) 
Scots pine (P. sylvestris) 
All throughfall 

2007 18.4 ± 5.6 
26.2 ± 11.6 
10.3 ± 3.6 
18.3 ± 4.5  

 Samples collected biweekly. Strong 
correlation with LAI (1.22, 1.68, 0.34, 1.08, 
respectively). 

Åkerblom et al., 2015 

Örebro, Balsjö, Svartberget S and N 
Sweden 

Mixed coniferous 
Norway spruce (P. abies) 
Scots pine (P. sylvestris) 
All throughfall 

2008 7.0 ± 1.8 
29.2 ± 17.2 
17.0 ± 1.8 
17.7 ± 6.0 

 Samples collected biweekly. Strong 
correlation with LAI (1.22, 1.68, 0.34, 1.08, 
respectively). 

Åkerblom et al., 2015 

Lake Gårdsjön Catchment Sweden Mature Norway spruce (60-110 yrs) 1991 – 1994  16.03 Swedish IVL bulk collectors monthly. Hultberg et al., 1995 



Lake Gårdsjön Catchment Sweden Mature Norway spruce (60-110 yrs) Nov 1987-
Sept 1988 

48.4 ± 30.2 16 - 19 Monthly bulk samples from 19 cm glass 
vessels (Swedish IVL bulk collectors). 

Iverfeldt et al.,1991 

Langtjern, Buskerud SE Norway Nutrient-poor sparse pine forests (2 sites) Apr 2004 – 
Oct 2005 

2.5 – 25 
4.1 – 13 

6.8 Collected monthly. Larssen et al., 2008 

Langtjern, Buskerud SE Norway Moderately productive spruce Apr 2004 – 
Oct 2005 

7.8 - 39 10.2 Collected monthly. Consistently higher Hg 
concentrations in spruce throughfall. 

Larssen et al., 2008 

Svartberget Catchment N Sweden Mature Norway spruce and Scots pine 1993 – 1998   15 (12–17) Bulk samplers collected monthly. Lee et al., 2000 
Lake Gårdsjön Catchment Sweden Mature Norway spruce (60-110 yrs) Mar-Aug 

1993 
22.8 16.1 Bulk samplers collected monthly. Higher 

concentrations in summer and early fall. 
Munthe et al., 1995 

Lake Gårdsjön Catchment Sweden Mature Norway spruce (60-110 yrs) 1995 – 1997   23  Munthe et al. 1998 
Uraani Finland Norway spruce 1990 – 1995   15.8  Porvari and Verta, 2003 
Lehstenbach Catchment, 
Fichtelgebirge Mountains 

Bavaria, 
Germany 

Coniferous, primarily Norway spruce 
(different ages) 

Apr 1998 – 
Apr 1999 

29 (15–315) 38.4 15 cm dia. funnel with 4 cm dia. tubes and 
PVC plates were collected bi-weekly. 

Schwesig and Matzner, 2000 

Lehstenbach Catchment, 
Fichtelgebirge Mountains 

Bavaria, 
Germany 

Coniferous, primarily Norway spruce (~140 
yrs old) 

Sept 1998 – 
Sept 1999 

27 (11 – 230) 40.1 177 cm2 collectors 1 m above ground were 
collected bi-weekly. 

Schwesig and Matzner, 2001 

North America        
Deciduous        
Whiteface Mountain, 
Adirondack Park 

NY, USA Low-elevation hardwood Jun 2009 – 
Jun 2010 

 5.3 Wet, cool, overcast growing season. 
Collectors collected every 10-30 days during 
growing season. 

Blackwell and Driscoll, 2015b 

Whiteface Mountain, 
Adirondack Park 

NY, USA Low-elevation hardwood Jun 2010 – 
Jun 2011 

 9.7 
 

Warm, dry, sunny growing season. 
Collectors collected every 10-30 days during 
growing season. 

Blackwell and Driscoll, 2015b 

Hungtington Wildlife Forest, 
Adirondacks 

NY, USA Deciduous ~100 yr old (dominated by 
American beech, sugar maple, yellow birch) 

Dec 2004-
Dec 2006 

0.9 – 28.2 6.5 (2005) 
5.5 (2006) 

Lowest in winter, highest in summer. 2 yrs 
sampling, collected weekly. 

Choi et al., 2008 

Sunday Lake Watershed, 
Adirondack Park 

NY, USA North temperate mixed deciduous (American 
beech) 

Oct 2000 – 
Oct 2001 

 7.4  0.8 707 cm2 collectors collected on event basis. Demers et al., 2007 

Sunday Lake Watershed, 
Adirondack Park 

NY, USA Deciduous (American beech, yellow birch, 
sugar maple)  

Oct 2000 3.3 5.7 Collected on an event basis. Kalicin et al., 2008 

Marcell Experimental Forest MN, USA Deciduous aspen populus tremuloides, paper 
birch, and red maple (upland) 

Apr – Nov 
1995 

17.5  1.3 9.75  0.32 Includes stemflow. Swedish IVL bulk 
collectors collected biweekly during snow 
free period. 

Kolka 1999; Grigal et al., 2000 

Superior National Forest MN,USA Deciduous (quaking aspen and paper birch) May to Oct 
2005 – 2006 

12.53 0.35 g/m2 Swedish IVL bulk collectors collected 
biweekly. Event flux value from graph. 

Witt et al., 2009 

Walker Branch Watershed, 
Oak Ridge 

TN, USA Oak Aug 1991 – 
Apr 1992 

25.8 (8.85 – 
39.22)  

 Average from 5 rain events. Lindberg et al., 1994 

Noland Creek, Great Smoky 
Mountains National Park 

TN, USA Mixed-deciduous oaks and tulip poplar 2008 -2009 
 

11.76 ± 0.76 
15.86 ± 2.9 
 

2.07 Collected every 3-4 weeks. Fisher and Wolfe, 2012 

Lake Champlain Basin, 
Underhill 

VT, USA Mixed hardwood forest Aug – Sept 
1994 

12.0  8.5 11.6  0.7 Funnels covered during dry periods. Rea et al., 1996 

Lake Huron Watershed, 
Pellston 

MI, USA Second-growth northern-mixed hardwood 
forest (80-90 yrs old): maple, beech, birch, 
oak, and aspen 

Jun – Nov 
1996 

 10.5  1.0 Collected on event basis. Rea et al., 2001  

Cadillac Brook Watershed ME, USA Predominantly deciduous maple-American 
beech forest (thin soil, fire 1947) 

May – Nov 
2000 

14.2 ± 11.7 
(2.1 – 68.4) 
 

9.4 52 Swedish IVL bulk collectors collected 10 
times. 

Johnson, 2002, Johnson et al., 
2007; Nelson et al., 2007 

        
Coniferous        
Whiteface Mountain, NY, USA Mid-elevation spruce-fir, high-elevation Jun 2009 –  9.9 (spruce-fir) Wet, cool, overcast growing season. Blackwell and Driscoll, 2015b 



Adirondack Park alpine Jun 2010 6.0 (alpine) Collectors collected every 10-30 days during 
growing season. 

Whiteface Mountain, 
Adirondack Park 

NY, USA Mid-elevation spruce-fir, high-elevation 
alpine 

Jun 2010 – 
Jun 2011 

 16.3 (spruce-fir) 
10.1 (alpine) 

Warm, dry, sunny growing season. 
Collectors collected every 10-30 days during 
growing season. 

Blackwell and Driscoll, 2015b 

Sunday Lake Watershed, 
Adirondack Park 

NY, USA Coniferous forest (red spruce and balsam fir) Oct 2000 – 
Oct 2001 

 25.4  7.4 707 cm2 collectors collected on event basis. Demers et al., 2007 

Sunday Lake Watershed, 
Adirondack Park 

NY, USA Coniferous (Red spruce, balsam fir, eastern 
hemlock, eastern white pine)  

Oct 2000  17.2 Collected on an event basis. Kalicin et al., 2008 

Marcell Experimental Forest MN, USA Black spruce picea mariana Sphagnum bog Apr – Nov 
1995 

33.6  3.6 19.6  0.84 Includes stemflow. Swedish IVL bulk 
collectors collected biweekly during snow 
free period. 

Kolka 1999; Grigal et al., 2000 

Superior National Forest MN, USA Coniferous (white spruce and balsam fir) May to Oct 
2005 – 2006  

19.02 0.4 g/m2 Swedish IVL bulk collectors collected 
biweekly. Event flux value from graph. 

Witt et al., 2009 

Walker Branch Watershed, 
Oak Ridge 

TN, USA Pine Aug 1991 – 
Apr 1992 

24.1 (11.55 – 
44.07) 

~20 Average from 5 rain events. Lindberg et al., 1994 

Clingmans Dome, Great 
Smoky Mountains National 
Park 

TN, USA Primarily red spruce with some Fraser fir 2008 -2009 20.71 ± 1.75 
14.87 ± 1.01 
 

4.09 Collected every 3-4 weeks. Fisher and Wolfe, 2012 

Noland Divide, Great Smoky 
Mountains National Park 

TN, USA Red spruce with yellow birch, American ash, 
and striped maple 

2008 -2009 
 

18.20 ± 0.84 
15.80 ± 1.04 
 

3.43 Collected every 3-4 weeks. Fisher and Wolfe, 2012 

Hadlock Brook Watershed ME, USA Predominantly coniferous spruce-fir forest 
(thick soil) 

May – Nov 
2000 

18.8 ± 11.3 
(2.2 – 55.9) 
 

10.2 52 Swedish IVL bulk collectors collected 10 
times. 

Johnson, 2002; Johnson et al., 
2007; Nelson et al., 2007 

Experimental Lakes Area ON, Canada Fire-regenerated upland forest of dense jack 
pine with birch 

1998 – 1999  20  12 (4.2 – 
42)  

8  St Louis et al., 2001 

Experimental Lakes Area ON,Canada Forested wetland of black spruce, jack pine, 
and alder 

May – Oct 
2001 – 2006 

17.2 ± 5.0 8.3 Annual volume-weighted averages from ice-
free season. 

Graydon et al., 2008 

Experimental Lakes Area ON, Canada Mature black spruce and balsam fir May – Oct 
2001 – 2006 

32.8 ± 6.3 12.3 Annual volume-weighted averages from ice-
free season. 

Graydon et al., 2008 

 

 

 

 

 

 

 



 

 



References 

 

Abbott, M. L., Lin, C.-J., Martian, P., and Einerson, J. J.: Atmospheric mercury near Salmon 
Falls Creek Reservoir in southern Idaho, Appl. Geochem., 23, 438-453, 2008. 

Åkerblom, S., Meili, M., and Bishop, K.: Organic Matter in Rain: An Overlooked Influence on 
Mercury Deposition, Environ. Sci. Technol. Lett., 2 (4), 128-132, 2015. 

Amos, H. M., Jacob, D. J., Holmes, C. D., Fisher, J. A., Wang, Q., Yantosca, R. M., Corbitt, E. 
S., Galarneau, E., Rutter, A. P., Gustin, M. S., Steffen, A., Schauer, J. J., Graydon, J. A., 
St. Louis, V. L., Talbot, R. W., Edgerton, E. S., Zhang, Y., and Sunderland, E. M.: Gas-
particle partitioning of atmospheric Hg(II) and its effect on global mercury deposition, 
Atmos. Chem. Phys., 12, 591–603, doi:10.5194/acp-12-591-2012, 2012. 

Baker, K. R. and Bash, J. O.: Regional scale photochemical model evaluation of total mercury 
wet deposition and speciated ambient mercury, Atmos. Environ., 49, 151-162, 2012. 

Bash, J. O.: Description and initial simulation of a dynamic bidirectional air-surface exchange 
model for mercury in Community Multiscale Air Quality (CMAQ) model, J. Geophys. 
Res., 115, D06305, doi:10.1029/2009JD012834, 2010. 

Bash, J. O., Carlton, A. G., Hutzell, W. T., and Bullock Jr., O. R.: Regional Air Quality Model 
Application of the Aqueous-Phase Photo Reduction of Atmospheric Oxidized Mercury 
by Dicarboxylic Acids, Atmosphere, 5, 1-15, doi:10.3390/atmos5010001, 2014. 

Bieser, J., De Simone, F., Gencarelli, C., Geyer, B, Hedgecock, I., Matthias, V., Travnikov, O., 
and Weigelt, A.: A diagnostic evaluation of modeled mercury wet depositions in Europe 
using atmospheric speciated high-resolution observations, Environ. Sci. Pollut. Res., 21, 
9995-10012, 2014. 

Blackwell, B. D. and Driscoll, C. T.: Using foliar and forest floor mercury concentrations to 
assess spatial patterns of mercury deposition, Environ. Pollut., 202, 126-134, 2015a. 

Blackwell, B. D. and Driscoll, C. T.: Deposition of mercury in forests along a montane elevation 
gradient, Environ. Sci. Technol., 49, 5363-5370, 2015b. 

Bullock Jr. and Brehme, K. A.: Atmospheric mercury simulation using the CMAQmodel: 
formulation description and analysis of wet deposition results, Atmos. Environ., 36, 
2135-2146, 2002. 

Bullock Jr., O. R., Atkinson, D., Braverman, T., Civerolo, K., Dastoor, A., Davignon, D., Ku, J.-
Y., Lohman, K., Myers, T. C., Park, R. J., Seigneur, C., Selin, N. E., Sistla, G., and 
Vijayaraghavan, L.: The North American Mercury Model Intercomparison Study 
(NAMMIS): Study description and model-to-model comparisons, J. Geophys. Res., 113, 
D17310, doi:10.1029/2008JD009803, 2008. 



Bullock Jr., O. R., Atkinson, D., Braverman, T., Civerolo, K., Dastoor, A., Davignon, D., Ku, J.-
Y., Lohman, K., Myers, T. C., Park, R. J., Seigneur, C., Selin, N. E., Sistla, G., and 
Vijayaraghavan, L.: An analysis of simulated wet deposition of mercury from the North 
American Mercury Model Intercomparison Study, J. Geophys. Res., 114, D08301, 
doi:10.1029/2008JD011224, 2009. 

Bushey, J. T., Nallana, A. G., Montesdeoca, M. R., and Driscoll, C. T.: Mercury dynamic of a 
northern hardwood canopy, Atmos. Environ., 42, 6905-6914, 2008. 

Caldwell, C. A.: Atmospheric deposition of mercury in south central New Mexico, USA (1997-
1999.). U.S. Bureau of Reclamation. 1425-98-FC-21830,NewMexico Cooperative Fish 
and Wildlife Research Unit, Las Cruces, New Mexico. 
http://fwsnmcfwru.nmsu.edu/fwscoop/pub.htm, 47 pp., 2000. 

Caldwell, C. A., Swartzendruber, P., and Prestbo, E.: Conecntration and dry deposition of 
mercury species in arid south central New Mexico (2001-2002), Environ. Sci. Technol., 
40, 7535-7540, 2006. 

Castro, M. S., Moore, C., Sherwell, J., and Brooks, S. B.: Dry deposition of gaseous oxidized 
mercury in Western Maryland, Sci. Total Environ., 417-418, 232-240, 2012. 

Chen, L., Wang, H. H., Liu, J. F., Tong, Y. D., Ou, L. B., Zhang, W., Hu, D., Chen, C., and 
Wang, X. J.: Intercontinental transport and deposition patterns of atmospheric mercury 
from anthropogenic emissions, Atmos. Chem. Phys., 14, 10163–10176, 
doi:10.5194/acp-14-10163-2014, 2014. 

Chen, H. S., Wang, Z. F., Li, J., Tang, X., Ge, B. Z., Wu, X. L., Wild, O., and Carmichael, G. R.: 
GNAQPMS-Hg v1.0, a global nested atmospheric mercury transport model: model 
description, evaluation and application to trans-boundary transport of Chinese 
anthropogenic emissions, Geosci. Model Dev., 8, 2857-2876, 2015. 

Choi, H.-D., Sharac, T. J., Holsen, T. M.: Mercury deposition in the Adirondacks: A comparison 
between precipitation and throughfall, Atmos. Environ., 42, 1818-1827, 2008. 

Christensen, J.: The Danish Eulerian Hemispheric Model – a three dimensional air pollution 
model used for the Arctic, Atmos. Environ., 31, 4169–4191, 1997. 

Christensen, J. H., Brandt, J., Frohn, L. M., and Skov, H.: Modelling of mercury in the arctic 
with the Danish Eulerian Hemispheric Model, Atmos. Chem. Phys., 4, 2251-2257, 2004. 

Corbitt, E. S., Jacob, D. J., Holmes, C. D., Streets, D. G., and Sunderland, E. M.: Global mercury 
source-receptor relationships for mercury deposition under present-day and 2050 
emissions scenarios, Environ. Sci. Technol., 45, 10477-10484, 2011. 

da Silva, G. S., Bisinoti, M. C., Fadini, P. S., Magarelli, G., Jardim, W. F., and Fostier, A. H. : 
Major Aspects of the Mercury Cycle in the Negro River Basin, Amazon, J. Braz. Chem. 
Soc., 20 (6), 1127-1134, 2009. 



Dastoor, A. P. and Laroque, Y.: Global circulation of atmospheric mercury: a modelling study, 
Atmos. Environ., 38, 147-161, 2004. 

Dastoor, A. P., Davignon, D., Theys, N., van Roozendael, M., Steffen, A., and Ariya, P.: 
Modeling dynamic exchange of gaseous elemental mercury at polar sunrise, Environ. 
Sci. Technol., 42, 5183–5188, 2008. 

Dastoor, A., Ryzhkov, A., Durnford, D., Lehnherr, I., Steffen, A., and Morrison, H.: 
Atmospheric mercury in the Canadian Arctic. Part II: Insight from modelling, Sci. Total 
Environ., 509-520, 16-27, 2015. 

de Foy, B., Heo, J., and Schauer, J. J. : Estimation of direct emissions and atmospheric 
processing of reactive mercury using inverse modeling, Atmos. Environ., 85, 73-82, 
2014. 

De Simone, F., Gencarelli, C. N., Hedgecock, I. M., and Pirrone, N. : Global atmospheric cycle 
of mercury: a model study on the impact of oxidation mechanisms, Environ. Sci. Pollut. 
R., 21, 4110–4123, 2014. 

Demers, J. D., Driscoll, C. T., Fahey, T. J., and Yavitt, J. B.: Mercury cycling in litter and soil in 
different forest types in the Adirondack Region, New York, USA, Ecol. Appl., 17 (5), 
1341-1351, 2007. 

Ding, Z., Wu, H., Feng, X., Liu, J., Liu, Y., Yuan, Y., Zhang, L., Lin, G., and Jiayong, P.: 
Distribution of Hg in mangrove trees and its implication for Hg enrichment in the 
mangrove ecosystem, Appl. Geochem., 26, 205-212, 2011. 

Engle, M. A., Tate, M. T., Krabbenhoft, D. P., Schauer, J. J., Kolker, A., Shanley, J. B., and 
Bothner, M. H.: Comparison of atmospheric mercury speciation and deposition at nine 
sites across central and eastern North America, J. Geophys. Res., 115, D18306, 
doi:10.1029/2010JD014064, 2010. 

Enrico, M., Le Roux, G., Marusczak, N., Heimbürger, L.-E., Claustres, A., Fu, X., Sun, R., and 
Sonke, J. E.: Atmospheric mercury transfer to peat bogs dominated by gaseous 
elemental mercury dry deposition, Environ. Sci. Technol., 50, 2405-2412, 2016. 

Fang, F., Wang, Q., and Li, J.: Atmospheric particulate mercury concentration and its dry 
deposition flux in Changchun City, China, Sci. Total Environ., Sci. Total Environ., 281, 
229-236, 2001. 

Fang, G.-C., Yang, I.-L., and Liu, C.-K.: Estimation of Atmospheric Particulates and Dry 
Deposition Particulate-bound Mercury Hg(p) in Sha-Lu, Taiwan, Aerosol Air Qual. 
Res., 10, 403–413, 2010.  

Fang, G. C., Tsai, J.-H., Lin, Y.-H., and Chang, C.-Y.: Dry deposition of atmospheric particle-
bound mercury in the middle Taiwan, Aerosol Air Qual. Res., 12, 1298-1308, 2012a. 



Fang, G. C., Zhang, L., and Huang, C. S.: Measurements of size-fractionated concentration and 
bulk dry deposition of atmospheric particle bound mercury, Atmos. Environ., 61, 371-
377, 2012b. 

Fang, G. C., Lin, Y. –H., and Chang, C. –Y.: Use of mercury dry deposition samplers to quantify 
dry deposition of particulate-bound mercury and reactive gaseous mercury at a traffic 
sampling site, Environ. Forensics, 14 (3), 182-186, 2013.   

Fang, G. C., Lin, Y.-H., Chang, C.-Y., and Zheng, Y.-C.: Concentrations of particulates in 
ambient air, gaseous elementary mercury (GEM), and particulate-bound mercury 
(Hg(p)) at a traffic sampling site: a study of dry deposition in daytime and nighttime, 
Environ. Geochem. Health, 36, 605-612, 2014. 

Fang, G. C., Lin, Y.-H., and Zheng, Y.-C.: Ambient air particulates and particulate-bound 
mercury Hg(p) concentrations: dry deposition study over a Traffic,Airport, Park 
(T.A.P.) areas during years of 2011–2012, Environ. Geochem. Health, 38, 183-194, 
2016. 

Fisher, L. S., and Wolfe, M. H.: Examination of mercury inputs by throughfall and litterfall in 
the Great Smoky Mountains National Park, Atmos. Environ., 47, 554-559, 2012. 

Fostier, A.-H., Forti, M. C., Guimarães, J. R. D., Merlfi, A. J., Boulet, R., Espirito Santo, C. M., 
and Krug, F. J.: Mercury fluxes in a natural forested Amazonian catchment (Serra do 
Navio, Amapá State, Brazil) , Sci. Total Environ., 260, 201-211, 2000. 

Fostier, A. H., Cecon, K., Forti, M. C.: Urban influence on litterfall trace metals fluxes in the 
Atlantic forest of São Paulo (Brazil), J. Physique IV France, 107, 491-494, 2003. 

Fostier, A. H., Melendez-Perez, J. J., Richter, L.: Litter mercury deposition in the Amazonian 
rainforest, Environ. Pollut., 206, 605-610, 2015. 

Friedli, H. R., Radke, L. F., Payne, N. J., McRae, D. J., Lynham, T. J., and Blake, T. W.: 
Mercury in vegetation and organic soil at an upland boreal forest site in Prince Albert 
National Park, Saskatchewan, Canada, J. Geophys. Res., 112, G01004, 
doi:10.1029/2005JG000061, 2007. 

Fu, X. W., Feng, X., Dong, Z. Q., Yin, R. S., Wang, J. X, Yang, Z. R., and Zhang, H.: 
Atmospheric gaseous elemental mercury (GEM) concentrations and depositions at a 
high altitude mountain peak in south China, Atmos. Chem. Phys., 10, 2425-2437, 2010a. 

Fu, X. W., Feng, X., Zhu, W., Rothenberg, S., Yao, H., Zhang, H.: Elevated atmospheric 
deposition and dynamics of mercury in a remote upland forest of southwestern China, 
Environ. Pollut., 158, 2324-2333, 2010b. 

Fulkerson, M.: Atmospheric mercury deposition in an urban environment, PhD. Thesis, 
University of Central Florida, Florida, 96 pp., 2006. 



Gbor, P. K., Wen, D., Meng, F., Yang, F., and Sloan, J. J.: Modeling of mercury emission, 
transport and deposition in North America, Atmos. Environ., 41, 1135-1149, 2007. 

Gencarelli, C. N., De Simone, F., Hedgecock, I. M., Sprovieri, F., Yang, X., and Pirrone, N.: 
European and Mediterranean mercury modelling: Local and long-range contributions to 
the deposition flux, Atmos. Environ., 117, 162-168, 2015. 

Gong, P., Wang, X.-P., Xue, Y.-G., Xu, B.-Q., Yao, T.-D.: Mercury distribution in the foliage 
and soil profiles of the Tibetan forest: Processes and implications for regional cycling, 
Environ. Pollut., 188, 94-101, 2014. 

Graydon, J. A., St. Louis, V. L., Hintelmann, H., Lindberg, S. E., Sandilands, K. A., Rudd, J. W. 
M., Kelly, C. A., Hall, B. D., and Mowat, L. D.: Long-Term Wet and Dry Deposition of 
Total and Methyl Mercury in the Remote Boreal Ecoregion of Canada, Environ. Sci. 
Technol., 42, 8345–8351, 2008.  

Grell, G. A. and Devenyi, D.: A generalized approach to parameterizing convection combining 
ensemble and data assimilation techniques, Geoph. Res. Let., 29, 38-1–38-4, 
doi:10.1029/2002GL015311, 2002. 

Grell, G. A., Peckham, S. E., Schmitz, R., McKeen, S. A., Frost, G., Skamarockd, W. C., and 
Eder, B.: Fully coupled "online" chemistry within the WRF model, Atmos. Env., 39, 
6957-6975, 2005. 

Grigal, D. F., Kolk, R. K., Fleck, J. A., and Nater, E. A.: Mercury budget of an upland-peatland 
watershed, Biogeochem., 50, 95-109, 2000. 

Gustin, M. S., Weiss-Penzias, P. S., and Peterson, C.: Investigating sources of gaseous oxidized 
mercury in dry deposition at three sites across Florida, USA, Atmos. Chem. Phys., 12, 
9201-9219, 2012. 

Han, Y.-J., Holsen, T. M., Ever, D. C., and Driscoll, C. T.: Reduced mercury deposition in New 
Hampshire from 1996 to 2002 due to changes in local sources, Environ. Pollut., 156, 
1348–1356, 2008. 

Han, J.-S., Seo, Y.-S., Kim, M.-K., Holsen, T. M., and Yi, S.-M.: Total atmospheric mercury 
deposition in forest areas in Korea, Atmos. Phys. Chem. Discuss., doi:10.5194/acp-
2016-7, 2016. 

Hall, B. D. and St. Louis, V. L.: Methylmercury and total mercury in plant litter decomposing in 
upland forests and flooded landscapes, Environ. Sci. Technol., 38, 5010-5021, 2004. 

Holloway, T., Voigt, C., Morton, J., Spak, S. N., Rutter, A. P., and Schauer, J. J.: An assessment 
of atmospheric mercury in the Community Multiscale Air Quality (CMAQ) model at an 
urban site and a rural site in the Great Lakes Region of North America, Atmos. Chem. 
Phys., 12, 7117–7133, 2012. 



Holmes, C. D., Jacob, D. J., Corbitt, E. S., Mao, J., Yang, X., Talbot, R., and Slemr, F.: Global 
atmospheric model for mercury including oxidation by bromine atoms, Atmos. Chem. 
Phys., 10, 12037–12057, doi:10.5194/acp-10-12037-2010, 2010. 

Holmes, H. A., Pardyjak, E. R., Perry, K. D., and Abbott, M. L.: Gaseous dry deposition of 
atmospheric mercury: A comparison of two surface resistance models for deposition to 
semiarid vegetation, J. Geophys. Res., 116, S14306, doi:10.1029/2010JD015182, 2011. 

Huang, J., Choi, H –D., Landis, M. S., and Holsen, T. M.: An application of passive samplers to 
understand atmospheric mercury concentration and dry deposition spatial distributions, 
J. Environ. Monit., 14, 2012. 

Huang, J., and Gustin, M. S.: Use of passive sampling methods and models to understand 
sources of mercury deposition to high elevation sites in the western United States, 
Environ. Sci. Technol., 49, 432-441, 2015. 

Hultberg, H., Munthe, J., and Iverfeldt, Å.: Cycling of methylmercury and mercury – Responses 
in the forest roof catchment to three years of decreased atmospheric deposition, Water 
Air Soil Poll., 80, 415-424, 1995. 

Hutnik, R. J., McClenahen, J. R., Long, R. P., and Davis, D. D.: Mercury Accumulation in Pinus 
nigra (Austrian Pine), Northeast. Nat., 21 (4), 529-540, 2014. 

Iverfeldt, Å.: Mercury in forest canopy throughfall water and its relation to atmospheric 
deposition, Water Air Soil Poll., 56, 553-564, 1991. 

Johnson, K. B,: Fire and its effects on mercury and methylmercury dynamics for two watersheds 
in Acadia National Park, Maine, MSc. Thesis, the University of Maine, Maine, 73 pp., 
2002.  

Johnson, K. B., Haines, T. A., Kahl, J. S., Norton, S. A., Amirbahman, A., and Sheehan, K. D.: 
Controls on mercury and methylmercury deposition for two watersheds in Acadia 
National Park, Maine, Environ. Monit. Assess., 126, 55-67, 2007. 

Juillerat, J. I., Ross, D. S., and Bank, M. S.: Mercury in litterfall and upper soil horizons in 
forested ecosystems in Vermont, USA, Environ. Toxicol. Chem., 31 (8), 1720-1729, 
2012. 

Jung, G., Hedgecock, I. M., and Pirrone, N.: ECHMERIT V1.0 – a new global fully coupled 
mercury-chemistry and transport model,, Geosci. Model Dev., 2, 175-195, 2009. 

Kalicin, M. H., Driscoll, C. T., Yavitt, J., Newton, R., and Munson, R.: The Dynamics of 
Mercury in Upland Forests of the Adirondack Region of New York, in: Mercury in 
Adirondack wetlands, lakes and terrestrial systems (MAWLTS), New York State 
Energy Research and Development Authority, New York,  8-1-8-15, 2008. 

Kikuchi, T., Ikemoto, H., Takahashi, K., Hasome, H., and Ueda, H.: Parameterizing Soil 
Emission and Atmospheric Oxidation-Reduction in a Model of the Global 



Biogeochemical Cycle of Mercury, Environ. Sci. Technol., 47, 12266−12274, 
doi.org/10.1021/es401105h, 2013. 

Kolka, R. K., Nater, E. A., Grigal, D. F., and Verry, E. S.: Atmospheric inputs of mercury and 
organic carbon into a forested upland/bogwatershed, Water Air Soil Poll., 113, 273-294, 
1999.  

Kos, G., Ryzhkov, A., Dastoor, A., Narayan, J., Steffen, A., Ariya, P. A., and Zhang, L.: 
Evaluation of discrepancy between measured and modelled oxidized mercury species, 
Atmos. Chem. Phys., 13, 4839–4863, 2013. 

Lai, S.-O., Huang, J., Hopke, P. K., and Holsen, T. M.: An evaluation of direct measurement 
techniques for mercury dry deposition, Sci. Total Environ., 409, 1320-1327, 2011. 

Lamarque, J.-F., Emmons, L. K., Hess, P. G., Kinnison, D. E., Tilmes, S., Vitt, F., Heald, C. L., 
Holland, E. A., Lauritzen, P. H., Neu, J., Orlando, J. J., Rash, P. J., and Tyndall, G. K.: 
CAM-chem: description and evaluation of interactive atmospheric chemistry in the 
Community Earth System Model, Gesoci. Model Dev., 5, 369–411, doi:10.5194/gmd-5-
369-2012, 2012. 

Landis, M. S. and Keeler, G. J.: Atmospheric Mercury Deposition to Lake Michigan during the 
Lake Michigan Mass Balance Study, Environ. Sci. Technol., 36, 4518-4524, 2002. 

Landis, M. S., Keeler, G. J., Al-Wali, K. I., and Stevens, R. K.: Divalent inorganic reactive 
gaseous mercury emissions from a mercury cell chlor-alkali plant and its impact on 
near-field atmospheric dry deposition, Atmos. Environ., 38, 613-622, 2004. 

Lang, X.: Mercury in atmospheric precipitation and litterfall in Mt. Ailao and Mt. Damei, MSc 
Thesis, Guizhou University, Guiyang, China,78 pp., 2014. 

Larssen, T., de Wit, H. A., Wiker, M., Halse, K., Lei, H., Wuebbles, D. J., Liang, X.-Z., Tao, Z., 
Olsen, S., Artz, R., Ren, X., and Cohen, M.: Mercury budget of a small forested boreal 
catchment in southeast Norway, Sci. Total Environ., 404, 290-296, 2008. 

Lee, Y. H., Bishop, K. H., and Munthe, J.: Do concepts about catchment cycling of 
methylmercury and mercury in boreal catchments stand the test of time? Six years of 
atmospheric inputs and runoff export at Svartberget, northern Sweden, Sci. Total 
Environ., 260, 11-20, 2000. 

Lee, H., Liang, X.-Z., Wuebbles, D. J., and Tao, Z.: Modelling atmospheric mercury transport 
and deposition across Europe and the UK, Atmos. Environ., 35, 5455-5466, 2001. 

Lei, H., Liang, X.-Z., Wuebbles, D. J., and Tao, Z.: Model analyses of atmospheric mercury: 
present air quality and effects of transpacific transport on the United States, Atmos. 
Chem. Phys., 13, 10807–10825, doi:10.5194/acp-13-10807-2013, 2013. 



Lei, H., Wuebbles, D. J., Liang, X.-Z., Tao, Z., Olsen, S., Artz, R., Ren, X., and Cohen, M.: 
Projections of atmospheric mercury levels and their effect on air quality in the United 
States, Atmos. Chem. Phys., 14, 783–795, 2014. 

Lin, C. J., Pongprueska, P., Lindberg, S. E., Pehkonen, S. O., Byun, D., and Jang, C.: Scientific 
uncertainties in atmospheric mercury models I: model science evaluation, Atmos. 
Environ., 40 (16), 2911–2928, 2006. 

Lin, C.-J., Pongprueska, P., Bullock Jr., O. R., Lindberg, S. E., Pehkonen, S. O., Jang, C., 
Braverman, T., and Ho, T. C.: Scientific uncertainties in atmospheric mercury models 
II: Sensitivity analysis in the CONUS domain, Atmos. Environ., 41, 6544-6560, 2007. 

Lin, C.-J., Shetty, S. K., Pan, L., Pongprueska, P., Jang, C., and Chu, H.-W.: Source attribution 
for mercury deposition in the contiguous United States: Regional difference and 
seasonal variation, J. Air Waste Ma., 62 (1), 52-63, doi: 
10.1080/10473289.2011.622066, 2012. 

Lindberg, S. E., Owens, J. G., and Stratton, W. J.: Application of throughfall methods to estimate 
dry deposition of mercury, in: Mercury as a global pollutant, Huckabee, J. and Watras, 
C. (Eds.), Lewis Publications, 261-272, 1994. 

Lindberg, S. E.: In Global and Regional Mercury Cycles: Sources, Fluxes and Mass Balances; 
Baeyens, W., Ebinghaus, R., Vasiliev, O., Eds.; NATO-ASI-Series, Vol. 21; Kluwer 
Academic Publishers: Dordrecht, The Netherlands, pp 359-380, 1996. 

 

Lindberg, S. E. and Stratton, W. J.: Atmospheric mercury speciation: Concentrations and 
behaviour of reactive gaseous mercury in ambient air, Environ. Sci. Technol., 32, 49-57, 
1998. 

Lindberg, S. E., Brooks, S., Lin, C.-J., Scott, K. J., Landis, M. S., Stevens, R. K., Goodsite, M., 
and Richter, A.: Dynamic Oxidation of Gaseous Mercury in the Arctic Troposphere at 
Polar Sunrise, Environ. Sci. Technol., 36, 1245-1256, 2002. 

Liu, B., Keeler, G. J., Dvonch, J. T., Barres, J. A., Lynam, M. M. Marsik, F. J., Morgan, J. T.: 
Temporal variability of mercury speciation in urban air, Atmos. Environ., 41, 1911-
1923, 2007. 

Lohman, K., Seigneur, C., Gustin, M., and Lindberg, S.: Sensitivity of the global atmospheric 
cycle of mercury to emissions, Geochemistry, 23, 454-466, 2008. 

Lombard, M. A. S., Brycel, J. G., Mao, H., and Talbot, R.: Mercury deposition in Southern New 
Hampshire, 2006–2009, Atmos. Chem. Phys., 11, 7657-7668, 2011. 

Luo, Y., Duan, L., Xu, G., and Hao, J.: Inhibition of mercury release from forest soil by high 
atmospheric deposition of Ca2+ and SO2

-., Chemosphere, 134, 113-119, 2015. 



Lyman, S. N., Gustin, M. S., Prestbo, E. M., and Marsik, F. J.: Estimation of dry deposition of 
atmospheric mercury in Nevada by direct and indirect methods, Environ. Sci. Technol., 
41, 1970-1976, 2007. 

Lyman, S. N.: Gustin, M. S., Prestbo, E. M.., Kilner, P. I., Edgerton, E., and Hartsell, B.: Testing 
and application of surrogate surfaces for understanding potential gaseous oxidized 
mercury dry deposition, Environ. Sci. Technol., 43, 6235-6241, 2009. 

Lynam, M. M. and Keeler, G. J.: Automated speciated mercury measurements in Michigan, 
Environ. Sci. Technol., 39, 9253-9262, 2005. 

Lynam, M. M., Dvonch, J. T., Hall, N. L., Morishita, M., and Barres, J. A.: Spatial patterns in 
wet and dry deposition of atmospheric mercury and trace elements in central Illinois, 
USA, Environ. Sci. Pollut. Res., 21, 4032–4043, 2014. 

Ma, M., Wang, D. Y., Du, H. X., Sun, T., Zhao, Z., and Wei, S. Q.:  Atmospheric mercury 
deposition and its contribution of the regional atmospheric transport to mercury pollution 
at a national forest nature reserve, southwest China, Environ. Sci. Pollut. Res., 22 (24), 
20007-20018, 2015. 

Ma, M., Wang, D., Du, H., Sun, T., Zhao, Z., Wang, Y., and Wei, S.: Mercury dynamics and 
mass balance in a subtropical forest, southwestern China, Atmos. Chem. Phys., 16, 
4529-4537, doi: 10.5194/acp-16-4529-2016, 2016. 

Magarelli, G.: Hg fluxes in the soil/air interface in the Negro River Basin (Amazon) by using 
dynamic flux chamber, PhD Thesis, Universidade Estadual de Campinas, Campinas, 
Brazil, 132 pp., 2006. 

Malcolm, E. G. and Keeler, G. J.: Measurements of Mercury in Dew: Atmospheric Removal of 
Mercury Species to a Wetted Surface, Environ. Sci. Technol., 36, 2815-2821, 2002. 

Marsik, F. J., Keeler, G. J., and Landis, M. S.: The dry-deposition of speciated mercury to the 
Florida Everglades: measurements and modeling, Atmos. Environ., 41, 136-149, 2007. 

Martin, R. S., Witt, M. L. I., Sawyer, G. M., Thomas, H. E., Watt, S. F. L., Bagnato, E., 
Calabrese, S., Aiuppa, A., Delmelle, P., Pyle, D. M., Mather, T. A.: Bioindication of 
volcanic mercury (Hg) deposition around Mt. Etna (Sicily), Chem. Geolog., 310-311, 
12-22, 2012. 

McLaughlin, E., Driscoll, C., Yavitt, J., Newton, R., and Munson, R.: Mercury in upland and 
riparian wetland vegetation, in: Mercury in Adirondack wetlands, lakes and terrestrial 
systems (MAWLTS), New York State Energy Research and Development Authority, 
New York, 9-1-9-6, 2008. 

Miller, E. K, Vanarsdale, A., Keeler, G. J., Chalmers, A., Poissant, L., Kanman, N. C., and 
Brulotte, R.: Estimation and mapping of wet and dry mercury deposition across 
northeastern North America, Ecotox. 14, 53-70, 2005. 



Munthe, J. Hultberg, H., and Iverfeldt, A.: Mechanisms of deposition of methylmercury and 
mercury to coniferous forests, Water Air Soil Poll., 80, 363-371, 1995. 

Munthe, J., Lee, Y. H., Hultberg, H., Iverfeldt, Å., Borg, G. Ch., and Andersson, I.: Cycling of 
mercury and methyl mercury in the Gårdsjöm catchments, in: Hultberg, H. and 
Skeffington, R.A. (Eds), Experimental Reversal of Acid Rain Effects: The Gårdsjön 
Roof Project, John Wiley & Sons, 261–276, 1998 

Nelson, S. J., Johnson, K. B., Kahl, J. S., Haines, T. A., and Fernandez, I. J.: Mass balances of 
mercury and nitrogen in burned and unburned forested watersheds at Acadia National 
Park, Maine, USA, Environ. Monit. Assess, 126, 69-80, 2007. 

Niu, Z., Zhang, X., Wang, Z., Ci, Z.: Mercury in leaf litter in typical suburban and urban 
broadleaf forests in China, J. Environ. Sci., 23 (12), 2042-2048, 2011. 

Obrist, D., Johnson, D. W., Lindberg, S. E., Luo, Y., Hararuk, O., Bracho, R., Battles, J. J., Dail, 
D. B., Edmonds, R. L., Monson, R. K., Ollinger, S. V., Pallardy, S. G., Pregitzer, K. S., 
and Todd, D. E.: Mercury distribution across 14 US Forests. Part I: Spatial patterns of 
concentrations in biomass, litter, and soils, Environ. Sci. Technol., 45, 3974-3981, 2011. 

Obrist, D.: Mercury distribution across 14 U.S. Forests. Part II: Patterns of methyl mercury 
concentrations and areal mass of total and methyl mercury, Environ. Sci. Technol., 46, 
5921-5930, 2012. 

Pai, P., Karamchandani, P., and Seigneur, C.: Simulation of the regional atmospheric transport 
and fate of mercury using a comprehensive Eulerian model, Atmos. Environ., 31 (17), 
2717-2732, 1997. 

Pai, P., Karamchandani, P., and Seigneur, C.: Sensitivity of simulated atmospheric mercury 
concentrations and deposition to model input parameters, J. Geophys. Res. 104, Dll, 
13,855-13,868, 1999. 

Petersen, G., Iverfeldt, A., and Munthe, J.: Atmospheric mercury species over central and 
northern Europe. Model calculations and comparison with observations from the Nordic 
air and precipitation network for 1987 and 1988: Atmos. Environ., 29 (1), 47-67, 1995. 

Petersen, G., Bloxam, R., Wong, S., Munthe, J., Kruger, O., Schmolke, S. R., and Vinod Kumar, 
A.: A comprehensive Eulerian modelling framework for airborne mercury species: 
model development and applications in Europe, Atmos. Environ., 35, 3063–3074, 2001. 

Peterson, C. and Gustin, M. A.: Mercury in the air, water and biota at the Great Salt Lake (Utah, 
USA), Sci. Total Environ., 405, 255-268, 2008. 

Peterson, C., Alishahi, M., and Gustin, M. A.: Testing the use of passive sampling systems for 
understanding air mercury concentrations and dry deposition across Florida, USA, Sci. 
Total Environ., 424, 297-307, 2012. 



Pirrone, N., Glinsorn, G., and Keeler, G. J.: Ambient levels and dry deposition fluxes of mercury 
to Lakes Huron, Erie, and St. Clair, Water Air Soil Poll., 80, 179-188, 1995. 

Poissant, L., Pilote, M., Xu, X., and Zhang, H.: Atmospheric mercury speciation and deposition 
in the Bay St. Francois wetlands, J. Geophys. Res., 109, D11301, 
doi:10.1029/2003JD004364, 2004. 

Pokharel, A. K., and Obrist, D.: Fate of mercury in tree litter during decomposition, 
Biogeosciences, 8, 2507-2521, 2011. 

Pongprueska, P., Lin, C.-J., Lindberg, S. E., Jang, C., Braverman, T., Bullock Jr, O. R., Ho, T. C., 
and Chu, H.-W.: Scientific uncertainties in atmospheric mercury models III: Boundary 
and initial conditions, model grid resolution, and Hg(II) reduction mechanism, Atmos. 
Environ., 42, 1828-1845, 2008. 

Porvari, P. and Verta, M.: Total and methyl mercury concentrations and fluxes from small boreal 
forest catchments in Finland, Environ. Pollut., 123, 181-191, 2003. 

Rasmussen, P. E., Mierle, G., and Nriagu, J. O.: The analysis of vegetation for total mercury, 
Water Air Soil Poll., 56, 379-390, 1991. 

Rasmussen, P. E.: The environmental significance of geological sources of mercury: A 
Precambrian Shield watershed study, PhD. Thesis, University of Waterloo, Canada, 379 
pp., 1993. 

Rasmussen, P. E.: in: Mercury as a Global Pollutant: Towards Integration and Synthesis, Trace 
Substances in the Environment Series, Lewis Publishers Inc., Florida, USA, 417-425, 
1994. 

Rasmussen, P. E.: Temporal variation of mercury in vegetation, Water Air Soil Poll., 80, 1039-
1042, 1995. 

Rea, A. W., Keeler, G. J., and Scherbatskoy, T.: The deposition of mercury in throughfall and 
litterfall in the Lake Champlain watershed: a short-term study, Atmos. Environ., 30 (19), 
3257-3263, 1996. 

Rea, A. W., Lindberg, S. E., and Keeler, G. J.: Assessment of dry deposition and foliar leaching 
of mercury and selected trace elements based on washed foliar and surrogate surfaces, 
Environ. Sci. Technol., 34, 2418-2425, 2000. 

Rea, A. W., Lindberg, S. E., and Keeler, G. J.: Dry deposition and foliar leaching of mercury and 
selected trace elements in deciduous forest throughfall, Atmos. Environ., 35, 3453-3462, 
2001. 

Rea, A. W., Lindberg, S. E., Scherbatskoy, T., and Keeler, G. J.: Mercury accumulation in 
foliage over time in two northern mixed-hardwood forests, Water Air Soil Poll., 133, 
49–67, 2002. 



Richardson, J. B. and Friedland, A. J.: Mercury in coniferous and deciduous upland forests in 
northern New England, USA: implications of climate change, Biogeosciences, 12, 
6737–6749, 2015. 

Risch, M. R., DeWild, J. F., Krabbenoft, D. P., Kolka, R. K., and Zhang, L.: Litterfall mercury 
dry deposition in the eastern USA, Environ. Pollut., 161, 284-290, 2012. 

Rothenberg, S. E., McKee, L., Gilbreath, A., Yee, D., Connor, M., and Fu, X.: Evidence for 
short-range transport of atmospheric mercury to a rural, inland site, Atmos. Environ., 44, 
1263-1273, 2010. 

Ryaboshapko, A., Bullock Jr., O. R., Christensen, J., Cohen, M., Dastoor, A., Ilyin, I., Petersen, 
G., Syrakov, D., Artz, R. S., Davignon, D., Draxler, R. R., and Munthe, J.: 
Intercomparison study of atmospheric mercury models: 1. Comparison of models with 
short-term measurements, Atmos. Environ., 376, 228-240, 2007a.  

Ryaboshapko, A., Bullock Jr., O. R., Christensen, J., Cohen, M., Dastoor, A., Ilyin, I., Petersen, 
G., Syrakov, D., Travnikov, O., Artz R. S., Davignon, D., Draxler, R. R., Munthe, J., 
and Pacyna, J.: Intercomparison study of atmospheric mercury models: 2. Modelling 
results vs. long-term observations and comparison of country deposition budgets, Sci. 
Total Environ., 377, 319-333, 2007b. 

Sakata, M., and Marumoto, K.: Dry Deposition Fluxes and Deposition Velocities of Trace 
Metals in the Tokyo Metropolitan Area Measured with a Water Surface Sampler, 
Environ. Sci. Technol., 38, 2190-2197, 2004. 

Sakata, M., and Marumoto, K.: Wet and dry deposition fluxes of mercury in Japan, Atmos. 
Environ., 39, 3139-3146, 2005. 

Sakata, M., Marumoto, K., Narukawac, M., and Asakurad, K.: Regional variations in wet and 
dry deposition fluxes of trace elements in Japan, Atmos. Environ., 40, 521-531, 2006. 

Sakata, M., and Asakura, K.: Evaluating relative contribution of atmospheric mercury species to 
mercury dry deposition in Japan, Water Air Soil Poll., 193, 51-63, 2008. 

Sather, M. E., Murkerjee, S., Smith, L., Mathew, J., Jackson, C., Callison, R., Scrapper, L., 
Hathcoat, A., Adam, J., Keese, D., Ketcher, P., Brunette, R., Karlstrom J., and Van der 
Jagt, G.: Gaseous oxidized mercury dry deposition measurements in the Four Corners 
area and Eastern Oklahoma, U.S.A.,  Atmos. Poll. Res., 4, 168-180, 2013. 

Sather, M. E., Mukerjee, S., Allen, K. L., Smith, L., Mather, J., Jackson, C., Callison, R., 
Scrapper, L., Hathcoat, A., Adam, J, Keese, D., Ketcher, P., Brunette, R., Karlstrom, J., 
and Van der Jagt, G.: Gaseous Oxidized Mercury Dry Deposition Measurements in the 
Southwestern USA: A Comparison between Texas, Eastern Oklahoma, and the Four 
Corners Area, Sci. World J., 2014, ID 580723, 14 pages, 2014. 



Schwesig, D. and Krebs, O.: The role of ground vegetation in the uptake of mercury and 
methylmercury in a forest ecosystem, Plant Soil, 253, 445-455, 2003. 

Schwesig, D. and Matzner, E.: Pools and fluxes of mercury and methylmercury in two forested 
catchments in Germany, Sci. Total Environ., 260, 213-223, 2000. 

Schwesig, D. and Matzner, E.: Dynamics of mercury and methylmercury in forest floor and 
runoff of a forested watershed in Central Europe, Biogeochemistry, 53, 181-200, 2001. 

Seigneur, C., Karamchandani, P., Lohman, K., Vijayaraghavan, K., and Shia, R.-L.: Multiscale 
modeling of the atmospheric fate and transport of mercury, J. Geophys. Res., 106 (D21), 
27795-27809, 2001. 

Seigneur, C., Loman, K., Vijayaraghavan, K., and Shia, R.-L.: Contributions of global and 
regional sources to mercury deposition in New York State, Environ. Pollut., 123, 365–
373, 2003. 

Seigneur, C., Vijayaraghavan, K., Lohman, K., Karamchandani, P., and Scott, C.: Global source 
attribution for mercury deposition in the United States, Environ. Sci. Technol., 38, 555-
569, 2004. 

Seigneur, C., Lohman, K., Vijayaraghavan, K., Jansen, J., and Levin, L.: Modeling Atmospheric 
Mercury Deposition in the Vicinity of Power Plants, JAPCA J Air Waste Ma., 56 (6), 
743-751, 2006. 

Selin, N. E., Jacob, D. J., Park, R. J., Yantosca, R. M., Strode, S., Jaegle, L., and Jaffe, D.: 
Chemical cycling and deposition of atmospheric mercury: Global constraints from 
observations, J. Geophys. Res., 112, D02308, doi:10.1029/2006JD007450, 2007. 

Selin, N. E., Jacob, D. J., Yantosca, R. M., Strode, S., Jaeglé, L., Sunderland, E. M.: Global 3-D 
land-ocean-atmosphere model for mercury: present-day versus preindustrial cycles and 
anthropogenic enrichment factors for deposition, Global Biogeochem. Cy., 22, GB2011, 
doi:10.1029/2007GB003040, 2008. 

Selvendiran, P., Driscoll, C. T., Montesdeoca, M. R., and Bushey, J. T.: Inputs, storage, and 
transport of total and methyl mercury in two temperate forest wetlands, J. Geophys. 
Res., 113, G00C01, doi:10.1029/2008JG000739, 2008. 

Sheehan, K. D., Fernandez, I. J., Kahl, J. S., Amirbahman, A.: Litterfall mercury in two forested 
watersheds at Acadia National Park, Maine, USA, Water Air Soil Poll., 170, 249-265, 
2006. 

Sheu, G.-R. and Mason, R. P.: An Examination of Methods for the Measurements of Reactive 
Gaseous Mercury in the Atmosphere, Environ. Sci. Technol., 35, 1209-1216, 2001. 

Shia, R.-L., Seigneur, C., Pai, P., Ko, M., and Sze, N. D.: Global simulation of atmospheric 
mercury concentrations and deposition fluxes, J. Geophys. Res., 104, D19, 23,747-
23,760, 1999. 



Skov, H., Christensen, J. H., Goodsite, M. E., Heidam, N. Z., Jensen, B., Wahlin, P., Geernaert, 
G., Fate of elemental mercury in the arctic during atmospheric mercury depletion 
episodes and the load of atmospheric mercury to the arctic, Environ. Sci.Technol., 38, 
2373–2382, 2004. 

Skov, H., Brooks, S. B., Goodsite, M. E., Lindberg, S. E., Meyers, T. P., Landis, M. S., Larsen, 
M. R. B., Jensen, B., McConville, G., and Christensen, J.: Fluxes of reactive gaseous 
mercury measured with a newly developed method using relaxed eddy accumulation, 
Atmos. Environ., 40, 5452-5463, 2006. 

Song, S., Selin, N. E., Soerensen, A. L., Angot, H., Artz, R., Brooks, S., Brunke, E.-G., Conley, 
G., Dommergue, A., Ebinghaus, R., Holsen, T. M., Jaffe, D. A., Kang, S., Kelley, P., 
Luke, W. T., Magand, O., Marumoto, K., Pfaffhuber, K. A., Ren, X., Sheu, G.-R., 
Slemr, F., Warneke, T., Weigelt, A., Weiss-Penzias, P., Wip, D. C., and Zhang, Q.: 
Top-down constraints on atmospheric mercury emissions and implications for global 
biogeochemical cycling, Atmos. Chem. Phys., 15, 7103–7125, doi:10.5194/acp-15-
7103-2015, 2015. 

St. Louis, V. L., Rudd, J. W. M., Kelly, C. A., Hall, B. D., Rolfhus, K. R., Scott, K. J., Lindberg, 
S. E., and Dong, W.: Importance of the forest canopy to fluxes of methylmercury and 
total mercury to boreal ecosystems, Environ. Sci. Technol., 35, 3089-3098, 2001. 

Szopka, K., Karczewska, A., and Kabała, C.: Mercury accumulation in the surface layers of 
mountain soils: A case study from the Karkonosze Mountains, Poland, Chemosphere, 
83, 1507-1512, 2011. 

Travnikov, O. and Ilyin, I.: The EMEP/MSC-E mercury modelling system, in: Pirrone, N. and 
Mason, R. (Eds), Mercury fate and transport in the global atmosphere: emissions, 
measurements and models, Springer, New York, 571-587, 2009. 

Travnikov, O., Lin, C.-J., Dastoor, A., Bullock, O. R., Hedgecock, I. M., Holmes, C., Ilyin, I., 
Jaegle, L., Jung, G. J., Pan, L., Pongprueksa, P., Ryzhkov, A., Seigneur, C., And Skov, 
H.: Global and regional modelling, in: Hemispheric Transport of Air Pollution 2010 
Part B: Mercury Air Pollution Studies No. 18, Pirrone, N. and Keating, T., Eds, United 
Nations Publications, New York and Geneva, 101-148, 2010.  

Vijayaraghavan, K., Seigneur, C., Karamchandani, P., and Dio, D.-Y. C.: Development and 
application of a multipollutant model for atmospheric mercury deposition, J. Appl. 
Meteor. Climatol., 46, 1341-1353, doi: 10.1175/JAM2536.1, 2007. 

Wang, Z., Zhang, X., Chen, Z., and Zhang, Y.: Mercury concentrations in size-fractionated 
airborne particles at urban and suburban sites in Beijing, China, Atmos. Environ., 40, 
2194-2201, 2006. 

Wang, Z., Zhang, X., Xiao, J., Zhijia, C., Yu, P.: Mercury fluxes and pools in three subtropical 
forested catchments, southwest China, Environ. Pollut., 157, 801-808, 2009. 



Weiss-Penzias, P. S., Gustin, M. S., and Lyman, S. N.: Sources of gaseous oxidized mercury and 
mercury dry deposition at two southeastern U.S. sites, Atmos. Environ., 45, 4569-4579, 
2011. 

Weiss-Penzias, P. S., Ortiz Jr., C., Acosta, R. P., Heim, W., Ryan, J. P., Fernandez, D., Collett Jr., 
J. L., and Flegal, A. R.: Total and monomethyl mercury in fog water from the central 
California coast, Geophys. Res. Lett., 39, L03804, doi:10.1029/2011GL05324, 2012. 

Witt, E. L., Kolka, R. K., Nater, E. A., and Wickman, T. R.: Influence of the Forest Canopy on 
Total and Methyl Mercury Deposition in the Boreal Forest, Water Air Soil Poll, 199, 3-
11, 2009. 

Wright, G., Gustin, M. S., Weiss-Penzias, P., and Miller, M. B.: Investigation of mercury 
deposition and potential sources at six sites from the Pacific Coast to the Great Basin, 
USA, Sci. Total Environ., 470-471, 1099-1113, 2014. 

Xiao, Z., Sommar, J., Lindqvist, O., Giouleka, E.: Atmospheric mercury deposition to grass in 
southern Sweden, Sci. Total Environ., 213, 85-94, 1998. 

Yu, X., Driscoll, C. T., Huang, J., Holsen, T.M., and Blackwell, B. D.:Modeling and Mapping of 
Atmospheric Mercury Deposition in Adirondack Park, New York. PLoS ONE 8 (3), 
e59322. doi:10.1371/journal.pone.0059322, 2013. 

Zhang, L., Blanchard, P., Johnson, D., Dastoor, A., Ryzhkov, A., Lin, C. J., Vijayaraghavan, K., 
Gay, D., Holsen, T. M., Huang, J., Graydon, J. A., St. Louis, V. L., Castro, M. S., Miller, 
E. K., Marsik, F., Luk, J., Poissant, L., Pilote, M., and Zang, K. M.: Assessment of 
modeled mercury dry deposition over the Great Lakes region, Environ. Pollut., 161, 
272-283, 2012a. 

Zhang, L., Blanchard, P., Gay, D. A., Prestbo, E. M., Risch, M. R., Johnson, D., Narayan, J., 
Zsolway, R., Holsen, T. M., Miller, E. K., Castro, M. S., Graydon, J. A., Louis, V. L. St., 
and Dalziel, J.: Estimation of speciated and total mercury dry deposition at monitoring 
locations in eastern and central North America, Atmos. Chem. Phys., 12, 4327-4340, 
doi:10.5194/acp-12-4327-2012, 2012b. 

Zhang, X., Siddiqi, Z., Song, X., Mandiwana, K. L., Yousaf, M., Lu, J.: Atmospheric dry and 
wet deposition of mercury in Toronto, Atmos. Environ., 50, 60-65, 2012c. 

Zhou, J., Feng, X., Liu, H., Zhang, H., Fu, X., Bao, Z., Wang, X., Zhang, Y.: Examination of 
total mercury inputs by precipitation and litterfall in a remote upland forest of 
Southwestern China, Atmos. Environ., 81, 364-372, 2013. 

Zhou, J., Wang, Z., Zhang, X., Chen, J.: Distribution and elevated soil pools of mercury in an 
acidic subtropical forest of southwestern China, Environ. Pollut., 202, 187-195, 2015.  

 


