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Mercury Exchange Fluxes Between Air and Soil Interface over Different Type of

Land in Wanshan Hg Mine Area
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( 1. Institute of Geochemistry, Chinese Academy of Sciences, Guiyvang 550002, China; 2. Graduated School of Chinese Academy of
Sciences, Beijing 100039, China)

Abstract: Air/ soil Hg exchange fluxes were measured using field chamberautomated air mercury analyzer method over different land
in Wanshan Hg mine area in two seasons. The results showed that the air/soil Hg exchange fluxes were very strong. The highest Hg
emission flux from soil was 27 827 ng/( m>*h), the highest Hg deposition flux from the atmosphere was 9 434 ng/ (m*+h). Because
of Hg emission from anthropogenic activities and natural lands, the Hg concentrations in air in Wanshan Hg mine area are 1~ 3 orders
of magnitude greater than background area. The highest average Hg concentration in air reached 1 101.8 ng/m®, and the lowest
average Hg concentration in air still reached 17. 8 ng/ m®. These indicated that the atmosphere was polluted seriously in Wanshan Hg
mine area. The Hg exchange fluxes are influenced by solar irradiation and the Hg concentrations in air. The solar irradiation
accelerates the Hg emission from soil. Conversely, the Hg concentration in air restrained the Hg emission from soil, and even leads
the Hg concentration depositing to soil surface. The Hg emission fluxes from uncovered soil are higher than that from covered soil by
vegetations significantly. And the slag becomes net atmospheric Hg source.

Key words: soil; air; Hg exchange flux: impact factors; Wanshan Hg mine area

RAAEAE N BRI R MR, BRKIE BUUSRIE) X X 43 KA UR A | AT T

B HEOEIE. 7Eid 2211 100a Hh, KA Rk & &Y
T 34 A RE RPN S AT E
K(Hg") AEREEDRBRAR, EE N H
(~ 90%) ", H.H1 T2 Hg® 78 K7 10 55 8 1 i)
Ak la LA L, RIEHEN KRR He® Rl %I i A0
TR B Wi X, Ry EsAhRAES
BT, ot N JKAREEAL A HLAS, TN A &S BR B -
rE st o

KLk, HARKE X — E AN IR
TR AR RS, ) ok w4 X A SR R
T0 A 100 5 B AR R B AL B TSR B AR SR ) K
RER KR EE M. 75 20 LD, — g
ISV FH S T 2R A k38 1 0 o B A (s ) 24 d A,

T RVFSE, T T s R 1

DA 7 LR A g v B KR AT, B R
B SN A BRI 70% . KU SR A 35 3h ot 7
WX/ 2 ARG 3 b T ™ T R V5 4. Tan 21150 A
Xiao 11OV 5t A AL v Ly 3 XK 2R IO UL B A
GAE T HIBESE. X 5l e DOK AR AER R iR
RIS AT OB SL - 1), i st g
445 SR80 o 7 LSRR X 1 P A RS LM 52 7 TR
Vg% ARRNT X 33/ KRR AR B H 2RI 1) K
s B #5: 2005-09- 18: 21T B #§: 2006-01-20
EETE: b E R B GE TR ( KZCX-SW-443) ; [H % [

SRR BE 42 30 H (40203009, 40273041, 40173037)

E& B A EAYE(1978~ ), Uh, LR S0AE, R SEmE STy 1 O A ROk

Fﬂj’tiwﬂljf;ﬁ{t’}’f. F- mail: waulgs]lunf&ug@ \'ip. sklag_ on
* 3l I & N, E-mail: fengxinbin@ vip. skleg. en



1488 2 5§

FURAERER Y RGEEE WO B2, AU 1 B
SO PHSRAT DR D H AR 2RIk X
TR R BEEAT T IR, TR AR 5 e i P A
TRA B IR A0 A A R A S B S A AR ).

1 MREEFAFEZE

1.1 RBEX M

JT LR A 7 1R B A 5 e B, R ARG AR ) AE
i1, A R BRI ZE A 27° &K 7 1), B2 0 4 km ()
AN PR . T DX AT R PR
DA B R PP 3 AN BT B AR, X
JEEEAFERR. U X A 22 SRR, L
WARH KRR HRPE 5 4 MRS K. B
T OB IRILAERG S, 250 R 3 RAIR. 5
O B, B AT JRAD, WO HBRAD SRR AR K
W, ARG MR DN SR AE. R A
AR A BT 0.25% , die e b AV BTk
30% Fi A1

JT LR A DXl JE A 2 %, AR i R B,
B HEAR 7% 04 L b R Ak S 43 51T 2002-11-
17~ 2002-11-23( ¥4 Z) F1 2004-07-31~ 2004-08- 11
(BEZE) 73 TV 2 Z0d J7 LR X 9 AN SKFE s ik
AR AN L R RO B REAT T, SRR A A
AR DL 1 FIE 1.

£1 FULRE RERHEARS A

Table 1 Descriptions of all sampling sites in Wanshan Hg mine area
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Fig. 1 Sampling sites in Wanshan Hg mine area
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Fig. 4 Variations of total gaseous mercury concentration in air and wind direction at site 2
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Table 3 Relationship between Hg flux and solar irradiation

at all sampling sites in Wanshan Hg mine area
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Fig. 5 Relationship between Hg exchange flux and solar irradiation

at site 1 in Wanshan Hg mine in warm season
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Fig. 6 Variations of Hg concentration in air, Hg exchange (lux and solar irradiation at site 2 in Wanshan Hg mine in cold season



8 7

b e Y X - (BRI R) I KRR AT B
M), R s Rth 3 5 A 2 5 Mt 8 TR DR OB A A I O
S0 A5 6( KRS H) A3 6 /KRS 5 1 b RS SRl
PRI R, 52 BH O B 5 - S5 O 08 7 29 4 47 K &
5 0 T HOP M 3 A% (K 2, | 3) . BT i
IR P A G A L MR, A SR KR, PR
TP 23 A0 R 2 1 D D) R K RS BELAY 14 ke
TS i 8 A G B i 1) SR R ST R, TE
R 7 w8 8- 1,) SR ) KA R R, R
SN V- 24 ik 880 ng/ (m2eh) s T AT B R 7 i I
TR A 82) W R K AR T TR DT
R, YR I 24 4 183 ng/ (mPeh) (%€ 2, B 3) . i
AP FCE WAL 4 B 0 W O P i ok, FLAEAE #b
2 1, M2 B ' USRI R 48 K 5 16 T v i T
. KR R T AME S, M S KR
SR, FEURAUR T 0. Rk, B8 47 2E AN
AXBHLIE T e ek - R Sk () 2 1, i L i 6 Wi
AR VR IR KA P R R, X oA i AN D
T8 B 1) SR 75 G AT BB ST

T LR [, i 5 b 410 25 g
KA T B AR A R R I 4, DRI ]
BT AT B AR R B . X A3 9 T # 7) K
AR R 0 A s AT, A R B ) KA iR B
B, RBEIBUIR 5 95% LA I, JLT A LKA K
PIUTRR( 2 2, [ 3) . 1y v YL A2 FE B i 1 1 fEBE
AR B FRVRR SR A, (I 0 1) KR I T B
AR R S A, ORI Y 45% L (% 2, F 3). X
BRI OR AR SR e A R, -5
TR A AT e SR PR, FECIRIM&ME T, -
HERE TR 7R W] R Bk B IRk R B0OE R, 7 R
460 R, L3 AR A He®, B i KR & &
AT AE S BORAUR DR W ¥ HELE (1 R R ) 3
AR ZL AR T R 2 1) H AR R
H Hg™ 196 B0 A He® (17 B 5 35 14 hn,
PERE T A o ) KRR T TR ), W™ e HE 4 &
I A e R R 3 i FLBP A, X Rl v HE P ATy
AEAE KRR 3 TR (H®) A7 7E, BES A0 i I m™ i
2R THT BRI 1) KA 1) A R DR IR B 22, A
117 S AT 1l 1) KRR . DAL, i HE R R T AT K
TR (Hg™ ) AE2E, (Rt 7 468 o 75 45 110 B 5%
K, AT H HELE Gl /D 6 BRI 2% A R A SR B 8 1) K
BRI . HRT, 7Lk X 294760 000 m? ™
WA T A0, e KR R I e AR YA,

B 1493
3 &R

(1) 52 NG s FIss 20 H AR MR Kk (152, )y
LR A X A 32 ™ B ) KRS 4, iz X LR ok
WA MUK SRS & T RX 1~ 38R

(2) 3Rk 7 L S ) b 5 ) OB Sl
FRIAS JBT PR 3%, SR 5 B A ) 38 o) R AURE R O
.

(3) e M A F A S e [ 5%, (2t 1 3ok )
KA, B % 1 HER: Akl & 5 0l IR 8 2 [a) £

(4) B IR AU & B T 3ok 1) B AR R
T, AR U R K R,

(5) AN 1) 4 28 28 288 1 R o (1) i X2 77 3 A
(7, L 7 i Pt X 1 SR S i ) A PRI, L 2 2
R AR DR

(6) VBRI (A 1 KK R i, JORE SR B
i 95% LA L, Son T ORI AR S L IEA
[, B T A KRR (H™ ) L A7 KA (1 3
Jﬁ)}i[Hgo) .

% k-

[ 1] Schroeder W H, Munthe J. Atmospheric mercury-an overview
[J]. Atmospheric Environment, 1998, 32: 809~ 822,

[ 2] Fitzgerald W F. Is mercury increasing in the atmosphere? The
need for an atmospheric mercury network ( AMNET) []].
Water Air and Sail Pollution, 1995, 80: 245~ 254.

[ 3] Mason R, Fitzgerald W F, Morel M M. The hiogeochemical
cycling of elemental mercury: anthropogenic influences [ J].
Geochim. Cosmochim. Acta, 1994, 58: 3191~ 3198,

[ 4] Rytuba J J. Mercury from mineral deposits and potential
environment impact [ J]. Environment Geology, 2003, 43:
326~ 338.

| 5] Hall B. The gas oxidation of elemental mercury by ozone | J].
Water, Air. and Soil Pollution, 1995, 80: 301~ 315.

[ 6] Schliter K. Review: evaporation of mercury from soils. An

integration and synthesis of current knowledge [ J].

Environmental Geology, 2000, 39(3-4): 249~ 271.

| 7 | Rasmussen P E. Current methods of estimat ing mercury fluxes
in remote area | J]. Environ. Sei. Technol., 1994, 28: 2233
~ 2241,

| 8] Gustin M S. Are mercury emissions from geologic sources
significant 7 A status report [ J]. The Science of the Total
Environment, 2003, 304: 153~ 167.

[ 9] Gustin M S, Lindberg S, Marsik F, et al. Nevada STORMS
project: Measurement of mercury emission from naturally
enriched surfaces [ J]. Journal of Geophysical Research—-

Atmosphere, 1999, 104: 21831~ 21844,



1494 b7

it

e 27 &

[ 10]

[12]

[13]

[ 14]

[ 15]

[ 16]

[17]

[ 18]

[19]

[20]

[21]

[22]
[23]

[24]

Ferrara R, Maserti B E, Anderson M, e al. Atmospheric
mercury concentrations and fluxes in the Almadén district
{(Spain) [J]. Atmospheric Environment, 1998, 32: 3897~
3904.

Gustin M S, Taylor G E,

I,('.{'I['Iill'(l ’]. I,. el le-, !\l[l]{l:‘if!llﬁl'il?

mercury concentrations associated with geologically and

anthropogenically enriched sites in central western Nevada [ J].
Environ. Seci. Technol., 1996, 30: 2572~ 2579.

Ferrara R, Mazzolai B, Edner H, et al. Atmospheric mercury
Italy [J]. Sei

Amiata area, Total.

Environ. , 1998, 213: 13~ 23,

sources in the Mt.

Engle M A, Gustin M S, Zhang H. Quantifying natural source
mercury emission from the Ivanhoe Mining District, nortlr
central Nevada, USA [J]. Atmospheric Environment, 2001,
35: 3987~ 3997.

Gustin M S, Coolbaugh M F, Engle M A, et al. Atmospheric
emissions  from mine wastes and

mercury :-iurmum|ing

geologically enriched terrains [ J]. Environmental Geology,
2003, 43: 339~ 351.

Tan H, He J, Liang L. et al. Atmospheric mercury deposition
in Guizhou, China [J]. Seci. Total. Environ., 2000, 259: 223
~ 230.
Xiao Z F, Sommar J, Lindqgvist O. Atmospheric mercury
deposition on Fanjing M ountain Nature Reserve Guizhou, China
[J]. Chemosphere, 1998, 36: 2191~ 2200.

Horvat M. Nolde N, Fajon V. et al. Total mercury,
methylmercury and selenium in mercury polluted areas in the
province Guizhou, China [ J]. Seci. Total. Environ., 2003,
304: 231~ 256.
Feng X, Qiu G, Wang S. Distribution and speciation of
mercury in surface walers in mercury mining areas in Wanshan,
Southw estern China [J]. J. Phys. IV, 2003, 107: 455~ 458.
Qiu G, Feng X, Wang S, et al. Mercury and methylmercury
in riparian soil, sediments, minewaste calcines, and moss from
abandoned Hg mines in east Guizhou province, southwestern
China [ J]. Applied Geochemistry, 2005, 20: 627~ 638.
PR, ol BE, Ao L b R M R ORE IRGI R B ]
HEERE, 1996,17(2): 20~ 25.

o, R, AR, SE SR R R O
0] {2 R A8 S B B R R ST, MR K 7, 2004, 33(4)
405~ 413.

P AR I S B AR M) gt MR AL 1996, 61~ 92.
WallschRger D, Turner R R, London J, et al. Factors
affecting the measurement of mercury emission from soils with

[J].
Atmosphere, 1999, 104: 21859~ 21871.

flux chambers Journal of Geophysical Researchr-

Gustin M S, Rasmussen P, Edwards G, et al. Application of a

[25]

[ 26]

[27]

[28]

[29]

[ 30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

laboratory gas exchange chamber for assessment of in situ
mercury emissions [ J]. Journal of Geophysical Research ——
Atmosphere, 1999, 104: 21873~ 21879.

1, Sommar J, Gardfeldt K, et al. 517 F 80K S A
SR )L BRI A B At 1), b R A S DA, 2002, 32
(7): 609~ 616.

Zhang H, Lindberg S E, Barnett M O, et al. Dynamic flux

chamber measurement of gaseous mercury emission fluxes over

soils. Part 1: simulation of gaseous mercury emissions from soils

using a tworresistance exchange interface model [ ] ].
Atmospheric Environment, 2002, 36: 835~ 846.

Lindberg S E, Zhang H. Vette A F, et al. Dynamic flux
chamber measurement of gaseous mercury emission fluxes over
soils: Part 2 ——effect of flushing flow rate and verification of a
twerresistance  exchange interface simulation model [ J].
Atmospheric Environment, 2002, 36: 8§47~ 859.

TR, PER, IR, N DR 0 K 1 Y L Y
KA A g il B A ERL D). FREERESE, 2004, 25(1):
123~ 127.

E/8, ek, (2R, 55, B DB [ A 1 e KR
SR A A B MR R AL F T (D], 0740 A M R Ak 2 i 4R,
2004,23(1): 19~ 23,

™ .
™ dynamic flux

Carpi A, Lindberg S E. Application of a teflon
I.‘Iialll]]ﬁr r[lr (|llan| if}’il]g Hllil mereury "ux: lests il]"l(l r(-!ﬁulls over
background soil [ J]. 1998, 32

(5): 873~ 882

Gustin M S, Stamenkovie J.

Atmospheric Environment,

Effect of watering and soil
moisture on mercury emissions from soils [ J]. Biogeochemistry,
2005, 76: 215~ 232.

Gillis A A, Miller D R. Some local environmental effects on
mercury emission and absorption at a soil surface [ J]. Sei.
2000, 260: 191~ 200.

Costa M, Liss P. Photoreduction and evolution of mercury from

seawater | J]. Sei. Total. Environ., 2000, 261: 125~ 135,

Total. Environ. ,

Costa M, Liss P. Photoreduction of mercury in sea water and
its possible implications fro Hg" airsea fluxes [ J]. Marine
Chemistry, 1999, 68: 87~ 95.

Gustin M S, Biester H, Kim C S. Investigation of the light-
enhanced emission of mercury from naturally enriched substrates
[J]. Atmospheric Environment, 2002, 36: 3241~ 3254,
Bahlmann E R, Ebinghaus R, Ruck W. Influence of solar
radiation on mercury emission fluxes from soils [ J]. RMZ
Materials and Geoenvironment, 2004, 51: 787~ 790.

Kim K H. Lindberg S E, Meyers T P. Micrometeorological
measurements of mercury vapor fluxes over background forest
Atmospheric Environment,

soils in eastern Tennessee [ ]].

1995, 29: 267~ 282.



