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Mercury emission fluxes from soil surfaces and

factors affecting their variations

Kohji MArRuUMOTO" and Masahiro SAKATA" "

U Department of International Affairs and Environmental Sciences,
National Institute for Minamata Disease (NIMD),
4058-18 Hama, Minamata-shi, Kumamoto 867-0008, Japan

BY Graduate School of Nutritional and Environmental Sciences,
University of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan

To investigate soil-air surface exchange of mercury, we observed mercury emission fluxes

from soil surfaces at two open-field sites and a forest site using a flux chamber method. In addi-
tion, we carried out laboratory experiments in which factors affecting mercury fluxes were con-
trolled. The field observations showed that the mercury fluxes increased with increasing soil
surface temperatures and solar radiation. From the laboratory experiments, it was clear that
soil moisture content affects the variations in mercury fluxes, which are dependent on soil
types. Also, it was inferred that organic carbon content of soil affects the mercury fluxes from
soils. Based on the field and laboratory experiments, we found the mercury fluxes at the forest
site can be estimated approximately from the single parameter of soil surface temperature. The
estimated annual mercury emission flux (40p g m"?) at the study forest site has been compara-
ble to the current mercury deposition fluxes (10-26u g m"?) in Japan. This suggests that soil-air
surface exchange of mercury is an important process governing the dynamics of atmospheric
mercury in Japan.

Key words: Mercury, Air/soil exchange, Meteorological parameters, Soil moisture content, Or-

ganic carbon
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Soil C : Deciduous forest
Miyagi village, Gunma

Soil A, B : Open-field [ -
Komae city, Tokyo
Figlll Locations of field observation sites.
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Continuous Mercury Monitor
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Figlll Schematic diagram of flux chamber system for measuring Hg emission from

soil surface.
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Figlll Schematic diagram of laboratory experi-
mental apparatus for measuring Hg emis-
sion from soil.

gobooboboobooobooboooboo
ooboobooboboobboooboobobooboo
ooboobooboboobboooboobobooboo
O0000Omol L"O0C0O000O0OmMlOOOOCOO
ogobooboobobooboooboobobooboo
OBClOO—O00D0D0OO0O0ODOOOODOOU.S.
EPA, 1998CMODEL 26000 Tekran Co Ltd.00 O O O
ogobooboobobooboooboobobooboo
O0@ngL"O0000O0

0 ODoboOooobooobooboboooo

pHOOD

gobodoboboobooobooboooboo
ooboobooboboooooooboooo
000 mg 0 HNO-HCIO.-H.SO.0 O0eCcOormo
oobooboobobooboooboobobooboo
O000o0ooooooooHGODOoOOooOOoooo
0000000000000 OooDooIAEAODO
NRCC SO0 0OooOooOooooOoooooooo
00O+ M0+ Ongg 000000000000
0D+ Mngg"0+ Ongg"ONOOODOOOOOO
gooboobooboboobooobooboboooo
gooboobooboboobooobooboboooo
gooboobooboboobooobooboboooo
oooMoboobobooobooobooboooo
OO000DODmoO0mgDOMmlOOOOOOOO
000 rpmOdMO0000oooOOoOoOOOO
000odmpmO0Oo0dooOoobOooboooooo
O000@mol L"NaOH O OMmlOOOOOOO
oobooboobobooboooboobobooboo
0000000000 0o00On0 HNO.OO HSO.O O
000000 KMnOLOOOODOODODOOmMOooooo
O0000O000ooDooood KS:0.0 KMnO.O
Oo00o0ooOom coooooooooooong
O00NHOHIHCIODOOOODOOOOOOMmlO
goboobooboboobooobooboboooo
0000000000000 UO0OmDngg™00O0O
O0000000o0o0Dooo0oOnoOooec om
oobooboobobooboooboobobooboo
00bbodlgdbboobooooooboooo
000000000 0o0o0DO0oo0O pHOHODO
O00000000OTotal Organic Carbond O O
TOCOOUODOODODODODODOOOOOO—CHN
oooooMTHO0D0D00D00DO0OO0O00DOODOOD
000000000 pHOODODODODOODOOD



ooooocoooocoooooooon 187

Tabled Concentrations of mercury and total organic carbon (TOC) and pH (H:O) in
each soil.
. Mercury /ng g dry soil TOC
Soil pH
) % (Dry)
Total Water soluble Alkaline soluble
A 970 N.D. (<0.1) ’ 180 (19 )‘ 3.92 5.9
B 410 N.D. (<0.1) 80 (19) 2.98 6.9
c 270 0.09 (0.03 ) 150 (55) 6.45 46

* Number in parenthesis shows % for total mercury
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Tabled Hg fluxes and air and soil temperatures at study sites.

Mercury flux / ng m= h!

Air temperature :
p Soil temperature

Observed periods N e p— Average S, Z‘;(} 1?;3‘1/330\’6 i et depth G
Soil A :Open-field
2002/5/24-27 63 16 - 150 49 £ 4] 12.2 -30.6 15.5-30.4
2002/5/28-6/1 93 22 -174 54 =36 153-31.9 17.5-31.2
2002/6/14-18 66 31 -105 53 +£19 18.7 - 26.1 19.8-27.2
2002/7/2-7 112 18 -135 45 =26 209 -35.0 21.9-33.7
2002/11/5-7 56 <1.1- 17 3.7 3.7 2.5-20.8 6.9-18.0
Soil B :Open field
2003/8/4-6 55 2.8- 65 13 X 12 23.0-33.9 24.4-28.9
2003/10/10-14 86 <l.1- 6.5 37 15 15.4-23.1 15.7-21.0
Soil C :Forest
2002/6/25-28 58 31- 6.5 40 =% 0.7 11.9-18.4 13.9-15.4
2002/8/1-5 94 8.6 - 32 14 += 40 19.7-334 22.0-24.1
2002/11/26-27 16 < 1.1 = 05- 7.8 6.1- 7.5
2003/8/8-11 77 9.7 - 26 12 =+ 3.0 20.7 -30.3 21.1-23.6
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(a) Laboratory experiments

g 0 o ooo o o o

(b) Field observations
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Figlll Relationship between mercury flux from soil and surface temperature in labo-
ratory experiments (a) and field observations (b).
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Figlll Relationship between apparent activation
energy and TOC concentration in soils.
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Figlll Relationship between Hg flux from soils and solar radiation in field observa-
tions at the surface temperatures of 15, 20, 25 and 30+ 1.0°C.

O00OXe lampO0 000000 nmO0 00000000
d00000000oUooooooooooooooo
d00000000oUooooooooooooooo
d00000000oUooooooooooooooo
0 00 Allard and Arseine, 1991; Xiano et al., 199511
0000000 0oUoooooooooooooog
OO0 HgSOOOOOOOOOUOUOOO FeUOOOO
0000000 0oUoooooooooooooog
0000000 0oUoooooooooooooog
000000000000 0oooUoooood
d00000000oUooooooooooooooo
0000000000000 U0UL0UUoMIMOm
O000oo0oooAOBOOOOODOOOOO
O0000000O00O EeOO0OOOOOCOUODOOOO
0000000 oUooooooooooooooo
0000000 oUooooooooooooooo
O00O0O0Frg00oooooooooooooo
0000000 oUooooooooooooooo
OUo0od0doUooooooUoooooooooog
0000000 0oUoooooooooooooog
d0000000ooUooouoooooooog
O0000AO0OOOO0OOOOOOOOomecamec
d00000000oUoooUoooooooooooo
d00000000oUoooUoooooooooooo
d00000000oUoooUoooooooooooo
0000000000 oUooooooooooom
Oo00000000oUooooUooooooog
d00000Moo0ooooooouooooooog

coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
0000000 FgmOO0mOooooooooonn
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
coobooooboooooooooooboo

oommoomoocoooooooooooonn
coooocooboooobooooooocooobooono
O Lindberg et «l.019990 00000000000
cOooooooooooOooooboobooOooooo
O000oomooo0Ad0OOCOO0ODOOOOO
000000000AO0OOOOO0DOOOOOOO
0000oooO00oooO0o0ooooooocCcooon
cooooooboooobooooooocoOoobooono
cooooooboooobooooooocoOoobooono
cooooooboooobooooooocoOoobooono
cooooooboooobooooooocoOoobooono
cooooooboooobooooooocoOoobooono
cooooooboooobooooooocoOoobooono
cooooooboooobooooooocoOoobooono
O0000o0O000oooO0o0ooooooDAOCOOC
coooocooboooobooooooocoOoobooono
coooocooboooobooooooocoOoobooono
coooocooboooobooooooocoOoobooono
coooocooboooobooooooocoOoobooono
oooo

Figho COO0O0O00O0OO0OOoO0oooooooo
coooocooboooobooooooocoOoobooono



goooocoooocoooooooon 193

St

0.20

0.00 IJ“...;.J.J ' | |l I.||| 'l I i

L LN U\ SUUR
- .lJ .. |u | |

80

40

20

Precipitation / mm

|J1| 0

Moisture content / cm?® cm™

2002/6/1 2002/7/1 2002/7/31 2002/8/30

Date

2002/9/29

2002/10/29  2002/11/28  2002/12/28  2003/1/27

Figlll Changes in soil moisture content in 5 cm depth and precipitation at Site C.
The hourly averaged soil moisture contents are plotted by the black square
and the hourly integrated precipitation are shown by the bar graph.
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