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Abstrac:t Earth surfice naura]mercury ¢ H8) anission incldes he H& an ssion fran natura]
sources and the re enjssion fran pPrevpusly deposied HE [t was deamonstrated that the ota]
amount of naura]l Hg emission fram earty surface cou l pe far lar€er fan that of the direct an s
sion from human activities [t s of great inportance 10 quantiy the natura|Hg G’I’liSSiﬂ’l notonly
for fye evajuaton of the effects of reduc ng anthropogenic HE an ission on the Epha] env jomment
butalo for providing uidance on the Policy-mak ng in global HE reduction strate8y Due © he
lack of reliaplemethodopges n quan 4y ng the HL an ssion fran natura] ources we still don t
have a clear understand ng ahout the Processes and mechanigms Of HE exchang8e heween earty
surface and amosphere as wel] as the effects of amospheric HE dePosition on fe Processes of
carth surface naura|Hg anission and therehy we are hard 10 accuratey quantify the Hg anis
sion fran natura] sources However wih the develoiment of new technolcgiqs we have the fea
sihility © sudy the processes mechani&m,s and flxes of Hg eamisspn fran natura] sources ToO
quantify the HE en $sion fram natura] sourceswou|d he one of the research frontjers ahout He hi
ogeochamica] cyc|ing of HE in the enviroomen t

K ey words mercury naium]soum’e exchange ﬂuz’( micmneteoro]cgica]meﬁ]o(.;j mercuty {sQ
ope tracer

* (41030752 40703024) 20 90 .
(2008AA06 235)
* % Emaj] fengxinh n@ vip skleg cn 1
5 2010-10-12 . 2010-1128 (0.5 m& k&' )



30 5

846
(Lindavstetal 1991),
. \ ( Lind
. berg et al 2007),
( Lindavist
etal 1991), (Wang et aj,
. 2010 Yan et al 2009)
, (HE),
(Schroeder  Munthe 1998), HE . ,
. 95% .
HE . ( .
Q.HQ.OH NQ ) ,
, HE .
05~2 ) ( Lindbeg et a],
2007). HE
’ 1
. (
)
, . 1995
s A lert (
. ) ( Steffen et al 2005). Mace H ead
(UNEP) Zingst (Kodg etal 2005)
2009 2 UNEP 25 .
. C 1) 19952004
. Alert 1995 \
2013 1.7 n& m?’
, 2 , 1 . 1995— 2000
, (Lind 2180 .t 2005 1927 .t
beg et al, 2007 ), 11. 6%. .
(Wuetal 2006).
(Lndberg et a], 2007), ,
( )

( Schroeder Munthe
1998 ).

5. 2004



847

1 ( to a*l)
Tableqy Tanpora]trend of gbopalmercury anisspn jnven
tory fran hum an actjvities

1995~ .
2000 © 200 %
400 95 4 —76.2
1200 1280 +67
100 39,1 —60.9
( ) 200 226. 9 +135
200 153 —235
80 133 +66.3
2180 1927. 4 —116
* Pacyna etal 2006 * * Pacyna etal, 2010,
AT Alert
= a
TE 3t
2 f A [
H{.

0 .
1995 1996 1997 1998 1999 2000 2001
3 -

fit (mg + m”)

Ffrit (mg - m™)

(=1

1998-04
1008-10 |
1999-04 |
1999-10 |
2000-04 |
2000-10 |
2001-10 F
2002-04 |
2002-10 F
2003-03 |
2003-10 F
2004-04 L

= 2001-04 |

1
F& 1 Tenpora] trend of the concentrations of tota] gase

ousmercury n ampent air at €ppa] am oPheric m on jta
ring statons
2 Alert  (
MaceHead (

Kodg etal, 5005),

Steffen et al, 2005); b
Kock etal 2005); ¢ Zingst  (

1460 « Jafle etal, 2005),
2004
750 t (Streets eta], 2005 Wu etal 2006 )
1/3 Y2
(900, ~

1000 9
2
2,
. 2000 ~
2500 ,t
( . 1000 ~5200 t a'),
. , 30
, (200 )
20 (Masn et a
1994),
2
(t at

Tablep Estin ates of gphalHE em issions by different aw
thors

2100 1000 ~ 4000 3100~6100  Lambomgetal 2002
2000 2000 4000 Linddvistetal, 1991
2503 5207 7710 Pimrone  Mason 2009




848 30 5

1991). ’
, 1.5~15

) ( tefpm,
. . 0. 03 ~0. 16 ™M, 1~32 L

. . 24 2 .
3.1 .
, 20 80 , . . 2bd
( Schroeder et a_]7 .
1989 Xi@0 etal 1991), , , 2b

, « 29
( dnhan ¢ flux chanber DFC) ¢ 24
, Gustn
( Ericksen eta], 2006), Lidberg (Lindberg et
al, 2005) Cawi (Cawi Chen 2002 );
Pojssan t (Possant et a], 2004 ), Schroe
der (Schoedereta] 2005) St Louis
(Graydon eta], 2006); Ebinghaus
( Bahinann et a.]7 2006). Femara ( Ferrara et
al, 1998 ), Howat (Koanan — Horvat 2010 )
Lindavist (Xiao etal, 1991). Kin
(Kim et al 2001) (Eckley etal, 2010)

( Feng et a], 2005 Fu etal, 2008)
(Wang etal, 2006).

(X@o etal,

9

3 -
Tablez (Comparisons hew een dynam jc flux chan ber method and m jcrom eteorojogicam ethods rmeasuring HE exchange
fluxes hetween surface and air

_ ( eddy
covarianceme thad  HC) ,

( relaxed 7cddy acmnulatiogl -

REA)

_ ( flux
grad ientm ethods) -




849

2 2

F& 2 D istribution of fpw
; (b

(@D}
2010). 1

’

4

1

(a)

(b)

(c)

(@ A

(

)

rate and HE concentratons fn wo canmonly used flux cham pers
; (D

H

l

Tableq Desgns and m aterja]s of flux chambers used by different research groups

( Eckley et a.L
36 ,

(me ) (L (L mint) (& g1 (ng m2. k)

0. 073 11. 2 1L5(7.5 0. 072 0.4+0 5 Kuken eta], 2008

0 13 10 L5067 / ~0.03 3.0+22 Poissant  Casmir 1998

0. 067 9.3 1.5(62) 0. 25 ~0. 047 5. 69+5 79 Gabriel W illimn 2008

0. 03 2 L5(L 5 5 ~0 445" Zhang etal, 2002

0. 036 L5 L5(D 0 013" 21 Ericksen  Gustil 2006

013 25 1.8(13. 9 0.6~-30.9 200+90 Heetal, 1998

0. 16 32 2.0(16) NA 1. 440 5" Schoeder etal, 1989

0. 063 3 2.31(1.3) 0 061" 0.7~35 Eckley  Branfireun 2008

0 12 24 3.2(7.5) 016 0. 01" 0.4+0 4 Magare|li Fostier 2005

012 24 5(4.8) 0. 47 +0. 08" 27405 Cawi  Lindbe® 1998

0 12 24 6(4) NAC 0.1~44.0 Fermm  Mazzolai 1998

0 12 24 6(4) <01 L4+1 4 Zhang etal, 2001

0. 031 1 6.5(0. 15) <01 2.0+4 1 Nacht — Gustil 2004

NA 2 6.7(0.3) 002~3 <1—70 Gustin ~ Samenkovic 2005

0. 031 1 10€0. 1) 0. 02 ~9060 0~27600" "~ Engle etal, 2001

0. 06 4.7 15€0. 3D 614" 8621807 Wang etal, 2005
Eckleyeta], 2010 O (m iy, meantg, —x ;%o

3 EE NA



850
’ ’ (2) o )
, (Carpi  Lindbeg 1997 Possant  Casin jr 199§
Boudah et a.l’ 2000 7hang et a.], 2001 Gustn et
3.2 al 2002& b Fengetal 2005 Fu etal 2008),
( Bahmann et a_l, 2004 Moore
( . Cami 2005 )
) .
, (Moore  Camin (005 )
( .
)\ (
) (Fengetal 2005),
. 3) Moore  CarPy{2005)
. , Fu (2008)
b b ( )7
. ( Choi
NO) Holsn 2009),
4)

b

(Gustn et a], 2000; Coolhaugh et
al, 2002; Schoeder etal 2005 Wang etal, 2005).

&) ,
132 ng m?’-
h', 20 ng
m?. h' (Fuetal 2008), @
(Carpi

Lidberg 1997 Feng eta], 2005 Moore — Camji

2005). s
( Ericksen et a_l’ 2005; Xin

etal 2007 ),
3.21

(1 )
( Coolhaugh

etal 2002 Schroeder et al 2005),

b

(Lidberg et a], 1999 Wallschiger et a],
1999 Gillis  Millgr 2000), .

(Gust'n et a.l’

1997 Poissantetal, 1999), .

(Gills  Miller2000).
(5) . )
( Zhang et aj,
2002),
(Gillis  Milkr2000), Xin
Gustin(2007 )



851

M

, Wang  (2007) Fu

(2008)

b

, PH
( Lindbeg et aj,
1999 Gillis  Milkrapoq Johnsn etal, 2003, Gus
tn  Stan enkOVEZ 2005 ),
(Mauclair eta] 2008),

. « O N
3.22
Lindbe8 (1998 2002)
8 ~ 37
ngo n—rZQ Hl’ ;
, Shey  (2008)
. 630 L
Quan  (2008)
79 ~177 ¢
0.4~1 n& m? k' ) ( Zhang et

al, 2005, Poissantetal 2008).

9

( Ericksen Gustin 2004 (Greger et a_l’ 2005
Bushey etal, 200 Stmekovic  GUStR 2009 )
Harman (2009 )

15 ¢ al,

323
(
), ( Nater
Grigal1992), .
A ( Fiwgerald et a],
1998 St Louisetal 2001),
(W iener etal 2006),
(Ma
son etal 1994), , ,
Ergcksen
(2005 )
, 4nt
198 Hg?2l
198 Hg( 198 Hg '
198 Hg ) . b 6%
1

(micrane oo pgical methad )



852

30 5

3 C 3
. (1) ( eddy covarjance mehag
EC, (2) ( rehxed eddy accumu b

tiop REA), (3) ( flux gradientm ethods),

(modifed Bowen ratio MBR),

( )
, (
10 H2), , .
( Q@ HO ) .
Bauer  (2002)
2
(REA),
( )
2 .
2 .
. REA (
. . . . )
(NH,, HNOy, . DMS BVOCs )

(Suton et al, 2001 Zam-

me]ink et ?1,1, 2004 (Graus et a.L 2006 Haapanala et

al, 2006 Pattey etal 200 MYlesetal 2007),

b

( Zhu
etal 1999 2000).

b K

b

(MBR) (Lindberg et al, 1995)
( CO,.HO .

REA
. (REA)

2000 s
( ExPerinenta] [ ake Area)
658
(Mercuty Experinent To A ssess Amospheric ]0oad ng
In Canada and the Unied StatesMETAALICUS
),

3 202 ‘I_Ig
200 Hg 198 Hg 3

HelAlfi#®  Hgllfi#  HglRl{i#
(i ) (B3 (i 4b) ‘i}

3 METAALICUS

Fig€ 3 In METAAL ICUS Projectm ercury jsotopes w ere
added nto a Jake systam to quantify the contripution ofHE&
i fish fran direct depositon upland and wetland fran the
upstream of the lake

htﬂ;? //WWw  biopgy ualhera ca/old_ sitymetaali

cusym etaalicus  htm



853

(Hintenann et aj, 2002 Babgrz et a], 2003 AmYot
et a.L 2004 Brman fireun et a.L 200% Chadwick et a.l,
2006 Pou hineta] 2006 Harris eta], 200% C hrisse

etal 2009),

(INAS (Harris etal; 2007), .

Ercksen  (2005)

AmyotM Soutworh G Lindber® § eta] 2004 Fomaton
and evasion of dissolved Laseous mercury n Jarge enclo
sures amended Wit (HE&C] )-H&8200 Amospheric Envi
oment 38 4279—4289

Babiarz C[. Hurly JP KrabbenhoftDP etal 2003 A h¥
polinnetic mass halance ofmercury fram a dimictic 1akg
Results fram e METAALLUS Projct  Jouma | De Phy
sidue Iy 107 83— 86

BahinannE EbinghausR RuchW 2004 Influence of solar
rad ation on mercury eamjssion fluxes fram soils RMZ
Ma terjals and (Geoenv rorm at 51 787— 790

Bahinann E;  Ebinghaus B Ruck W, 200 Develbment and
applicaton of a Japorapry {lux measuranent systan
(LIMS) Pr he nvestigaton of he kinetics of mercury
an jsspns fran sojls  Jouma] of Envionmenta | Manage
ment 81 114—123

BauerT) Campuzano_jost P H¥nes A] 2002 RaPid ultra
sensjtive detecton Of gas Phase elamenta] mercury under
amospheric ondijtons using sequentia] wa photon laser
induced fluorescence
ring 4 339—343

Boudala FS Fok ins J Beauchanp$ et a] ppo0q Mercury
fluxm easuraments over ajrand water in K ejimku jik Naton
alPark Nova Scotia Wawr Ajr and Soil Polluton
122 183— 202

Branfirun BA Krabbenhoft DP Hintenann Ff et a]l 2005
SPeciaton and transport of new]y deposited mercury n a
borea] forest Wctland A stablemercury jsoope approach
Water Resources Researdy 41 DOl 10 1029/
2004WR003219.

Busheyjr MallanaAG MOntesdeocaMR etal p008 Mer
cuy dynamics of a northem hardwood canopy AmosPheric
Enviroment 43 6905— 6914

CapiA Lidber® 1997, Sunlightmediated enissin of

Jouma]| of Envirormenta] Mon jto

ejmmenta] mercury fran so0i] anended wih municpa] sew.
age sjudge Envionmenta] Science and Technology 31
2085—2091L

Campi A Lindbe® SE 1998 APPlication of a Teffon (M)
dynan ¢ flux champer Pr quangfying soi] mercury flux
Tests and results over hadkgraund soj] Amospheric Envy
oment 33 873—882

CarpiA ChenYE 2002 Gaseous elanentalm ercury fluxes in
New York City Watgr Ajr and Soil Polluton 14 371
— 379

Chadwide S BabiarzCL, Hurky P etal 2006
of irop m anganese and dissolved orBanic cathon on the
hypolinnetic cyc]ing of amended mercury Science of the
Tow] Envionment 368 177— 188

ChoiHD Holsen TM 2009 Gaseousmercury fluxes fran the
prest floor of he Adiondadks Envionmenta] Pollut‘pr}
157 592—600

Clarisse () Foucher) H ntefnannH 2009 MehYmercury
Peciatimn n he disoNved Phase of a stratified lake using
the difusive gradient in thin filn technfjue Envirormenta |
Pollton 157 987—993

Coo]baughME (}ustinMS RYytuba JJ 2002 Annua] emissins
ofmeraury to the amosphere fran natura] sources n Ne
vada and Calipmia Envirormen@] Gology 42 338 —
349

Eckley C$ GustinM$ Lin CJ eta]l 2010 The influence of
dynam ic champer desig€n and operating Parameters on cal

In fluences

cujated surface ta ajrmercury fluxes Amospheric Environ
ment 44 194—203

EckleyQS Branfireun BB po0g (Gaseous mercury amissians
fram urhan sur{ace:s Controls and spatpteampora] trends
APPlied Geochanisty 23 369— 383

EngleMA Gustn M§ Zhang H 2001 Quantifyng natura]
soure merury an ssons fran the [vanhoe M nng Dis
Irigt north central Nevad’a USA Amospheric Environ
ment 35 3987—3997.

Ericksen JA GustinMS 2004 Foliar exchange ofmeraury as a
fanction of s0j] and ajrmeraury concentrations Science of
heTotalEnVironnen,t 324 271— 279

Ericksen JA GustinM Lindber8 S eta] 2005 Assessing he
potentia] for e an jsson ofmercury deposited i Precipita
ton fran aryd sojls using stple jO0tPes Envirommenta |
Scimce and Technology 39 8001—8007.

Ercksen JA  Gustn M$ Xin M et al 2006 Aiy il
exchange of meraury fran hackg8round sojls in the Unijted
States Scince of theTota] Enviomment 36 851—863

Ericksen A GustinMS 2006 Airsurface exchange of mercu
1y with soils anended with ashmaterjals Joumal]of the Air
andWasthanagmncntAs%xiatpp 56 977—992

Feng); W ang S QiuG etal 2005 Tota] gseous mercury
an issions fran S01] inGuiy;mg Guizhog China Jouma |
of Geobhysica] Researdy 110 Di4306 doi 10 1029/
2004 J0005643

FeraraR MasertiBE AndersonM eta] 1998 Atnospheric



854

30 5

merury cancentratons and fluxes in the A maden district
( Sbamy, Amosheric Envirmment 33 - 3897—3904

Ferrara R Mazmlail 1998 A dynamic flux chanber o meas
uremercury emjssion fram aquatic systens Science of the
Tow] Envioment 215 51—57

Fitzgera}jWE Engstam DR Mason RP et al 1998 ‘The
case fr amospheric mercury canfminaton i renote are
as Enviromenta | Science and Technopgy 33 1—7

FuX FengX WangS 2008 Exchange fluxes of HE beween
surfaces and amosPher N the easem flank of Mount
(Gongga Sichuan provinc’_‘ southwestem China Joumal] of
Gobhysical Resarch 113 D20306  d%i 10 1029/
2008 1009814

Gabrie]MG Williamson) 2008 Sane insght into the influ
ence of uthan ground surface properties on fhe ajr surface
exchange of tow] gascous mercury ApPlied Geochan sty
23 794—806

Gillis AA Millr DR 2000 Same Joca] emviomena] effects
on mercury emisson and absorPtion at a soj] surface Sci
ence of theTotalEnvimneqt 260 191—200

Graus V] Hanse]A WisthalerA etal 200 A relaxed eddy-
accunujaton method fPr the measuranent of isOPrenoid
candPy. fluxes usin€ an online gas chranatographic tech
nue and PIR-MS sinultaneously Amospheric Envjron
mat 40 43— 34

Graydon JA St Louis VI, Lindber8 § etal 2006
gation of mercury exchange heween forest candy veleta
ton and the amosphere using a new dynam ic chanmber
Enviroomenta] Science and Technology 40 4680— 4688

GregerN] Wang'y Neuschulz C 2005 Absence of HE tran.
spiraton by shootafterH8 uptake by roots of siX terrestria]
plant species EnvionmentPoluton 134 201— 208

GusﬁnMS TaYlor GE Maxey RA 1997 Effectof tmpera
ture and ajyr movanent on tfhe flux of elanenta] mercury
fran supstate © the amosphere Jouma] of GeoPhysica]
Researdy 102 3891— 3898

Gustin M$ Lindberg & AustnK eta] ppppa Assesspg
the contrpution of natura] sources to regimal am ospheric
mercury budgets Scince of e Tota] Enviromm ait 259
61— 71

Gustin MS Biester H Kin CS 2002b Investigation of he
18ht enhanced em jsson of mercury fram naturally enriched
sup strates AmOsphericEnvilormen,t 36 3241— 3254

Gustin MS$ Stanenkovic J 2005 Effect of waterng and soil
mojsture on mercury eanissions fran soils B ogeochem is
ty 76 215—232

Haapanala S Rinne J Pystnen KH et al 2006 Measure
ments of hydrocarhon anisspons fran a horea] fen using he
REA tchnique B pogeosciences 3 103—112

HarisRC Rudd WM AmYotM eta] 2007 Whole ecosys
tem sudyY shovs rapid {fishm ercury response to changes i
mercury depositpon Proceed n8s of the Nationa] Acadeny
of Scinces of the Unijted States of America 104 16586—
16591

Investy

Harman J§ W eisher@ PJ PillRiR etal 2009 APPlication of
a rule pased mode] © estimate mercury exchange r free
background b fmes i the continenta] Unijted States Envi
rormenta | Science and Technok)g}’ 43 4989— 4994

He J TanH Sommar J et al 1998 Meraury pojution n a
minng area of Guizhou Ch ing Fluxes over contam nated
surfaces and concentratons in air biologica] and geopg
ica] samples ToxicologY and Envirment ] Chemistry
67 225— 236

Hintemann | HarrsR HeVesA eta] popp Reactvity and
mobiiy of new and old mercury deposition in a Borea] or
est ecosystan during the first Year of he METAALICUS
study Envirorm enta] Science and Technology 3¢ 5034—
5040

ja[feD Presho E SwartzendruberP etal 9005 ExPont of
amospheric mercury fram Asia Amospheric Envijrorm et
39 3029—3038

Johnson DW  Benesch JA Gustih M$ eta] 2003 EXPeri
menta] evidence against diffusion contro] of Hg evaspon
fran soj]s Science ofTota]EnVirormen,t 304 175— 184

KimKH KmMY LeeG 2001 The soilairexchange charac
feristics of tota] aseous mercury fran a Jarg€e scale munici
pa] landfill ara Amospheric Enviomait 35 3475 —
3493

Kok HH BicbcrE EbinghausR etal 2005 Canparisam of
bng em twends and seasma] varjatons of atmospPheric
mercury concentratjons at the woE uropean coasta] monjQ
g saatons M ace Head Ireland and Zings’t Gemany
Amospheric EnVirOnmen,t 39 7549—7556

Koman]) HowvatM 2010 A laboraory based experinenta]
study of mercuy en jsspn fran contamijnated soils in the
R iver Idrixa cachment Amospheric Chenisty and Phys
€5 10 1417— 1426

Kuken’l‘ ZhangH GustinM etal oppg Mercury anisson
fran terrestria] packground surfaces in the eastem USA
Part ] Air/surface exchan€e of mercury within a south
castc;n deciduous forest ( Tennessee)
APPlied Geoh@nisty 23 345— 355

Lamborg (H Fiwgera[dWE (r Domell J etal 2002 A
non_ stead Y- state canparmenta] mode] of gopal scaje mer
cury hieocham stry withh nterthanisPheric amospheric
gradents (Geochimica et Cosnochinica ACIQ 66 1105—
1118

Lindberg SE Kin K Mevers TP eta] 1995 M icraneteora
bgical ELradimt approach {r quantfyng ajr surface
exchange ofm ercury_ vapor Tests over contan nated soils
Envionmen ] Science and Technology 29 126— 135

Lidber€ §¢ Hanson PJ MeYers TP eta] 1998 Aily surface

exchange of mercury vapor over prcst.s ‘The need pr a re

over one Year

assessment of continenta] b ogenic an issons  Amospheric

Enviomment 33 895— 908
Lindber® £ ZhangH Gustn MS et al 1999

mercury enissons fum desert s0i[s in response to ramnfl]

Jouma] of (Geophysical Research 104

Increases in

and jrigaton



855

21873— 21878

Lindbe® S DongW ] MeversT 2002 Transpiraton of gase
ous efmenta] meraury throug, vegetaton n a suptropical
wetland in Florda Amospheric Envionment 36 5207—
5219

Lindbe® SE Sarworh GR  BogleMA eta] 7005 A ibome
an jssons of mercury fram munjcipPal olid waste ] New
m easureaments fran s operating landfills in Flrida Jour
najof theAir WasteManaganentAssoca iy 55 859—
869

Lindbe® §¢ Bulbck B Ebinghaus R eta] 7007 A s\hhe
sis of Progress and uncertinties n attriputing the sources
ofmercury in depositon Ambio 3¢ 19—32

Lindqvist() ]ohanssonK AastrupM eta] 1991, Mercury in
the Swedish envijromm ent Water Aiyr and Soi] Po]lut'pp
55 1—26l1

Magare]li (G Fostier AH 2005

themeraury ajty s0j] exchange in the Nego River Basip

Influence of deforestation on

Amazon Amospheric Envirorrnen,t 39 7518— 7528

Maon R Fizgrad WE MorelMM 1994 The biogeochani
cal ycling of elmenta] mercury Anthropogenic infjuw
ences (Geochinica et Cosnochinica Acta 58 3191 —
3198

Mauclair(; LaYShOCkJ CaPi A 2008 Quantifying he effect
of humic matter on the an jsspn ofmercury fron artificg@]
soj] surfaces  APPlied Geochamistry 23 594— 601

Moore(; CaPiA 2005 Mechanisns of he anisson ofmercu
1y fram soj] Role of UV radiation Jouma] ofGeophysical
Resardy 119 24302 doi 10 1029/2004 10005567,

MylesL Mevers TP Rdbinson [, 2007 Relxed eddy accu
mulaton measuraments Of ammonig nitric ac'y;{ sulfur
doxide and Particujate sulfate dry deposition near Tanpa
FL. USA Enviomm enta] Research Letters o D():I 10
1088/1748—9326/2/3/034004

NachtDM Gustn MS 2004 Mercuy amissions fram hack
ground and altered geopgic unjts throughout Nevada
Water Ajr and Soil Pollution 151, 179—193

NaterEA Gr8alDE 1992 Reg8pna] trends inmercury distri
bution across the great kes states North centra] USA
Nawure 358 139— 141

Pacyna E(; Pacyna V] Steenhuisen};“ et al 2006 Glbal
an fhropcgen jc mercury anssin nvenory Prygpy Amos
Pheric Enviomnmanit 4q - 4048—4063

Pacyna E(; Pacyna V] SundsethK eta] p01q Gbbalanis
spn of mercury to the amosphere fran anthropogenjc
sources np(p5 ad Projectons ©p() AmosPheric Envi
omeant 44 2487—2499

PatthE Strachan]E) DcsjardinsRL eta] 2006 APPlicaton
of a tunaple dpode laser 1© the measuranent of (]—14 and
N2() fluxes fran field © Jandscape scale uspg severa|mi
crameteoro|@ica] technijques Agricujum] and ForestMe
torobey 136 222—236

PinoneN Mason R 9009, Mercury Fate and Transport in he
GlobalAmospher:e Bmijssions Measurements and Mod

els USA Springer

Pois%antL Casmir A 1998 Waterair and 0jl ar exchange
rate Of tota] gaseous mercury measure] at hackground
sites Amopheric Envilonmen’t 32 883— 893

Possant], PiloeM CasinirA 1999 Mercury fluxm easure
ments in a natura]ly enriched areg (Correfaton wit envi
rormen ] conditons dquring the Nevada Sudy and Tests of
the Release ofMercury Fiom Soils ( STORMYS), Jouma]of
Geothysica [Researdy 104 21845—21857

Poissant], Pibte M C(Constant P et a] pgp4 Meraury gas
exchanges over sefected bare s0i] and flooded sites n the
bay St Francois wetlands (Qw@ bc’c Canada), Amosher
ic Envionment 38 4205—4214

Pois%antL PiloteM YunvlhozeE eta] p0pg Mercury con
centrations and fliage; amosphere fluxes in amap Je forest
ecosysteam inQuebe;: Canada Joumal] of GeoPhysica] Re
sarch 113 D10307  doi 10 1029/2007 009510

Poulin AJ] OrhelDM AmYotM eta] 700 RektionshP ©
aquatic heween the Jading rate of jnorganic mercury eca
systams and dissolved aseousm ercury poducton and eva
sion Chanosbhere 65 2199— 2207,

Quan N Zhang€X$ ShangGS 2008 Estination of vegetative
mercury anissons n China Jouma]of Enviormenta] Sci
qaees 200 1070— 1075

SchrocdchH B eauchamp S Edwards G et al 2005 Gase
ousmeraury emissons fran natura] sources n (Canad jan

Jouma] of Geophysia] Researdy 11
D18302 d9i 10 1029/2004 JD05699.

SchmederWH Munte J Linddvist() 1989 CYclng ofmer
cury belweenwate,r aj’r and soj] amparments of e en

and Soil Pollution 48 337 —

landscapes

viorment Water Ajr
347.
SchroederWH Munte |J 1998 AmosPheric m ercury An
ovewiew Amospheric Envirormm,t 3% 809—822
Shetty SK LinCJ StreetD(G; et a] p9o8 Mode] estinate of
mercury emjssin fran naura] sources n East Asia
AmosPheric Envionment 43 - 8672—8685

St LouisVL Rudd WM Kel[yCA etal 2001 ImPortance
of the frest cand®y © fluxes ofmethyY]meraury and tota]
mercury © porwra] ecosystans Envijrormenta] Science and
Techrol®y 35 3089— 3098

Stanenkovic J Gustn MS 2009 Nonstmata] and saamata]
up take of amospheric mercury Envirommenta] Scjence and
Techrol®Y 43 1367— 1372

Steffen A Schtoederw Macdona]dR et a] 2005 Mercury
n the Arctic amosphere An analysis of eight Years of
measuranents of GEM a‘;Alert (Canaday and a canpari

and Kuw

Scence of the Tota] Enviorm at

son with Observations at Amdema ( Russi)
jjuarapk ( Canada),
343 185—198

Street[X; Hao M WuY eta] 2005 Anthrobenic mercury e
missims mn China Atmospheric Envilormen,t 39 779 —
7806

Suttonl\/LA M ilord (; NemitzE et a] 2001 DBiosPhere at



856

30 5

mospPhere nterctons of anmon;ja with grassland:s Experi
menta] strategy and results fran a new Furopean njtiative
Plntand Sojl 228 131— 145

Wa]]schlagerD Tumer RR London J et a] 1999 Facors
affecting the m easurement of mercury en sspns fran sojls
with flux champers Jouma] of (GeopPhysica] Research
AmOshere 104 21859—21871.

WangDY Hel ShiX] etal 2006 Release flx ofmercury
fram different envirormen @] surfaces n Chagding Chi
na ChmoPhere 64 1845— 1854

W ang SE Feng XB Qiu(}L eta] 2005 Merury an isson to
amosphere fran [ armuchang HE T min ng awea Sou
westem Guizhog Chiha Amosgheric Envimnmen,t 39
7459— 7473

Wang SF Feng XB QiuGL eta] pgp7 Meraury concentra
tons and aijry 0i] fluxes n' Wuchuan mercury mning dis
tric,t Guizhou pmvincg: China AmospﬂericEnviImmer}t
41 5984— 5993

Wang X ZhangL LiGH etal 2p01q Mercuy en jsspn and
speciaton of coal fired power plants in China Amogheric
Chen sty and Ph¥sics 19 1183— 1192

W iener J; Knghts B SandheintichMB et al 2006 Mer
cury n g101];, lakc§ and fish in Voyagurs Natona] Park
(Minnesota): Inportance of amospheric depositon and
ecosystam factors Envirammenta ]| Science Teqqnology
40 6261— 6268

WUY W ang SX StreetDQ eta] 20pe Trends in anfhropo
genjc mercury amissims n China fram 1995 t0 2003
Enviromrmenta] Science and Technoogy 40 5312— 5318

Xio ZE Munthe J SchroederWH eta] 1991 Vertica] fluxes
of volatile mercury over soj] and Jake surface in Sweden
Telus 438 267—279

XinM GusthMS Jonhson[) 2007 IaAbomtory nvestigaton
of the potentia] for re anission of amosPherically derived
HEg fran sojls Envionmena] Scince and Technopgy 41
4946— 4951

XinM Gustin M 9007 Gaseous efmenta] mercury exchange

with ow meraury containing soi]; Investaton of contro]
ling factors  APPlied Geochemistty 22 1451— 1466

YanNQ Qu7Z ChiY eta] 2009 Enhanced elenenta]mer
cury ranova] fran coal fired flue 8as by sulfur chlorine
canpounds Technobgy 43
5410—5415

Zanme |ink HJ GieskesWW(; Klaassenw etal 2004 Re
laxed eddy acaumujatjon measurements of the sea ta ajyr
transfer of dimethylsulfde over he norheastem Pacific
Jouma ] of GeoPh¥sica] Research Oceans 199 DOl 10
1029/2002JC00 1616

ZhangH Lindber® § Marsk FJ eta] 2], Mercury aiy
surface exchange kinetics of back8round 0ils of te
Tahquamenon river wateshed in theM ich Ran upper penjn
sula Wawer Ajr and Soil Pollutbn 12 151— 169

ZhangH Lindber8 SE BamettM() eta] ppp2 Dd¥hamic flux

chanhermeasuranent of gaseous meraury eamisspn fluxes

Envirorm enta] Science

over sojls Part I Sinulaton of 8aseous mercuy emis
sjons fran sojls usng€ a twa resjstance exchange nterface
mode] AmosphericEnVirormeqt 36 835—846

ZhangH Possant], XuX etal 79005 ExPlorative and nna
vative dynamic flux hbag metod developed and tested for
mercury ajrvegettion gas exchange fluxes Ammospheric
Envionmait 39 7481—7493

Zhu T Pattey E DesjardinsRI, 2000 Relxed eddy-accunu
laton technique fr measurng ammonij Yolati]izaton
Environmen fa] Science Tednnolog},’ 34 199—203

ZhuT Wang ) Desjardins R, eta] 1999 Aircrafthased
volatile or8anjc canpounds flux measurementsw it relaxed
eddy accumulaton Amostheric Envionment 33 1969—
1979

.. 1968
Emaijl fngxinb i@ v skleg @




