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Abstract: To investigate the exchange rates of mercury(Hg) across soil-air boundary, we undertook the measurements of Hg
flux using gradient technique from a major waste reclamation site, Nan-Ji-Do. Based on these measurement data, we
attempted to provide insights into various aspects of Hg exchange in a strongly polluted soil environment. According to our
analysis, the study site tuned out to be not only a major emission source area but also a major sink area. When these data
were compared on hourly basis over a full day scale, large fluxes of emission and deposition centered on daytime periods
relative to nighttime periods. However, when comparison of frequency with which emission or deposition occurs was made,
there emerged a very contrasting pattern. While emission was dominant during nighttime periods, deposition was most favored
during daytime periods. When similar comparison was made as a function of wind direction, it was noticed that there may be
_ a major Hg source at easterly direction to bring out significant deposition of Hg in the study area. To account for the
environmental conditions controlling the vertical direction of Hg exchange, we compared environmental conditions for both
the whole data group and those observed from the wind direction of strong deposition events. Results of this analysis indicated
that the concentrations of pollutant species varied sensitively enough to reflect the environmental conditions for each direction
of exchange. When correlation analysis was applied to our data, results indicated that windspeed and ozone concentrations best
reflected changes in the magnitudes of emission/deposition fluxes. The results of factor analysis also indicated the possibility
that Hg emission of study area is temperature-driven process, while that of deposition is affected by a mixed effects of various
factors including temperature, ozone, and non-methane HCs. If the computed emission rate is extrapolated to the whole study
area, we estimate that annual emission of Hg from the study area can amount to approximately 6kg.
Key words: mercury, exchange, emission, dry deposition, micrometeorological method, point-source, ozone

2ok iR WePUE UFEHT WAEAGE FAHLE 20009 & 7RMF U7]-ART F29] BE;ES SA3)L, &
AAeE 7122 Lo LS EAFAT. AT o3t AR AL ditE deddo g g wE
& popet FAlo) tiitRe] A AP AR vehyth 4F71HR 55, s2TH, Y20 HrXE #4382
o RS W A LA A FPEE For ekl T o]EY TANIE g ¥ Fn=
Mol A = A RIshA Bk Ha), A £2 o F AR AFEche A& A, FPud=
A=} RS Mad vle a2, iR A4 fEshs gRuEdel $EX90 g e A #4E ¢
Atk

* Corresponding author, E-mail: khkim@sejong,ac.kr



Llg - Unigd - o[ - Akl

AR de Tle, 22
e e AT,
vehge},

F201: 52, 1Y, WlE, A, w713 7, A2 g,

=2

—_

A

299 Az Aol ZE 7R FolA A
HE £ AdA] FEL 7149 984 2
(elemental mercury: Hg”) 28 EAJ8IL, ez g7
(1~5% o) vdr|er 2d¥s F7148 529 FH
2 ZA%tHSchroeder and Munthe, 1998). Wb <
o] IS U 9N 29 XFEH B¥
3 Tl 71z3te] 7)EEHo] YrHKim er al, 1997),
29 £384E AW A AAdTEY FH
| W23, gf7] Fo S22 2 AE4T A
PR Qs AFFRY tr|edd F&ATE
A& BFANA FUHFizegerald, 1995). ol&g A3}
3 BXEHOE 8], 22 FHHoE FHG &
EEARS ke Aoz ofsjhrt. 2 o]Foiz o
Fo] £83 B QTEL ey Zo| v 84
ARG P wSFYE F2 24& 2
o] stk 7188 % s8] wEF el A
AR (Lindberg et al, 1995, 1998), th718A 7 ESAH
Ale] DEH(Carpi and Lindberg, 1998; Kim et al, 1995;
Kim and Kim, 1999, Xiao et al, 1991), 5373} t}7]
#77A)2] W8H(Poissant and Casimir, 1998) 5| °]&]
g ROl X o ATEol FE U2 4
4 F&o] ujZolt XA T& Bl oldAA &
Azrell wgsh= @l detd 5 v, & o
Yro] JAFAEL g g F43H B AR
P2 AFE B3 2P Tl 2HE ¢&: AT
= AE3}9tHGuentzel et al, 1995; Munthe et al,
1995). 22y FdiHez oAU FAHHd T
e RAYGE T ¢ ulE B AHEY U
& AN FrAEE o7 =EA EREIL §)
= AAel

4 dn o

2

.

fu o P~

Halp e HAF 4AEN Y doe olge 75l a#dFe] FHH $F-H = vig-9
N7 wreddle ZoR vepsith 2849 Ak wiEAldl 713 22 81le] o3 fEss ¥ 1z
, Bl gshrasl o ol plale] Jeg wtdshe a0lEe] BE=oR Fash A4 9l
GAERGE FHE & $£29 A5E FHY B IAMTRE o 6kgo] F2o] M EHE Aog

&

Lindberg et al, (1995) #A o) 2759 g2
3 a2 BE gFE EFL el AYPH =
Tenessee+2] East Fork Poplar Creek(EFPC) Aol
F2o] WESHEE 7 7IYe ZAs ] A&
& vl Qlr}, o] F 203]9] HEFS A wiEHY
e BExdtgon, v oA BAsE 7Ry
AW 238K ~10614 ~200ng/m”h FRY W&
&5 B2, o)& AR 100ha(10°m?) TR &
HAGoIA ATF 1~10kg TR F20] t7jFoR
HEEHE 202 FA. FUdME ol2jd ZA
of 437l $i% &k JbA) WWOe R Kim and Kim
(19992 M2A2] FA A G Zo] T} FHY =
ARAAGE Tz @] Q75 A=
I 23 FEld Q44 APH R kFo] HA g
54 FAAGIME FBHFo] +100ng/m¥/hS Z3E
Az B2 wE T5 Aol o]Fojd £ k=
AMSE Ul ul glcth ey obEzkA] ST wiEd
£ FHE Ry dEAEE 433 5%
AR el

£ A73e 29 22 nErAY n#ES 1Y)
23 7Y 885 3 458 7 e VIes N
e, o]F B3 thst #EAYG g aEEAE
o] FRE Haa 9t oled dFE o7 /A B
H B30 AAR 458 58 FAHG ol o
TERE 28] 98, 2rdAde #29 F=7
HE A3, 458 EUE nE3ATE A0 3
202 A £29] WSS RS vb JohKim
and Kim, 1999). 2 t& QAE W E B4y
(modified Bowen Ratio, MBR)&} 2+ HF2lE £ 43}y
IPATE AE3, o] T AT wEES
A2 7 e AEAE AtaAt sk oj=
ERE 9] A8, dA=st 22 diE Fea9d



Aee FAoR w1 B2 Fdstark. olst
& 7 2l 27147 B4 pe] ARl o

g AR 2@ xrjrge] 7124<] Hrlel] XF3HAcHA
2000, B1F), B w=RME A 2gAlY 273

oM BRE A7 7)zdt, dAEAGE FHZ
AP Foo M 2 dz3A AP 12E F7t
31, ol& ZHdhE 2UES AN BHE &4

apel, Asheta) DA ol Folstadd et

SR

2A7e MBR ]S 58 dAT AHelA

o BEES SA}L, ol ]%3}01 HtE 71‘39—%1
a7shaz stk
n3gArg e A&kl 3@ g_ 4@9_ olm] Azl
TolA ofu] Z4A S THEATHA F, 2000, —‘:E—-T’—%) I
W8-g 7HERA AoNshd ot 75”3]'. W F

o sxgH] 2 v e AAEe g S A
A mtEF YA 2E PR, FA= 23T
AP o2 HE 20009 38 2URE 49 4U7HA] 144
Zb djAZER Ao 2 ARSIt B FEE Y]
Zol FA=HE 29 sETHE BEW 4o F 1
%, 208 200cmelA] 24417 A& o2 EZHSATHN=
270, &+ 1xoX TR L2 2y 2R
A5 & A 7" (Mercury Analyzer, AM-2: Nippon
Instrument Co.)Z o] &3l A FASHIAL
AM2E WAE FF2EA Y 93 o 1.0U/minZ 37
ANEE FYstd, 7171 BAg dZ2E F - 23R E
ol83le] F2AIEE A&HoE AF - X F A
o}, 7]719] AFHFZHE 50o] B B¢ FEo] o]Fo]
F 722 G 2E o) oJste] Eatsa vE4HY o]
241 (nondispersive double beam) H]E-# 43} YA}
F3E47](Alameless atomic absorption method)ol| ¢}
& 253.7nme} TFA AE A & 7]7)4 oJgt 5
29 AgAESAE oF 1pgoli, FE¥E(accuracy)=
o 3~5%(A 7FA NIST E2E39 ), Adx
* (precision)= BT 0.35~0.64%% VERGTH 29 5
B 7 R e wEkgo] of2A ol
7138t QAET QA 7S s 3k, ¢
F21EE o)43le] J|EA] LHEA s E F
7173 e #EE FAo st

LRI R|odo] ci7ie2 Rt 613
B2 F29 Tl diF fo4 AL =
Tl tinjg e F=E v PG(percent
gradien) x| & o]-§381513, MBRE |83 ©]7]4EH4
ko] A@Aol that AL olie} o] o] Rt
oo T SR FAd dtdEE (eddy
correlation) © & sensible heat flux® AFE3l1, Fold
2 259 JolE o83ty 2o BELE AT
F JE Keg ANt ooy 38§ 29
< 9N E i 7‘]?53 A& 93 559 9““"* F\s
A5}7] Yate] SE AH (ferch)7t D3t £
JMeE ZE ‘:ﬂ'ﬂ"ﬂ’ﬁ oF 500m °]}el AHE %m—':‘
SR Polx BEE A3t F71Y BFe] #F F73
o2 gtoluk(laminan3}Al 3te] A BHOZHE 7
Q) 3] ArZo| o] FAEF FLt & AT
e AY ZE W g2 A3 $59
Bgkol 09 7R 3k e Ao= i, AN
(sensor) 2 &7 A7
goldt & gIdth, o 22 vFEH] FY2E 2
N 2= EAE o, A5 AR Foll HF Hrt
£ oln] AYATE T3 HALL v} UckMeyers et
al, 1990),

o‘n

R

St 20| wEks H
B I HARAGE FHOR 20009 39 22
A7 49 49714 F 149 B9 2713l A ARE
e 7L B ARGEE, T, T2 dd
ZA& At 22y F=e pC HpolEs EA
FoE 8, ABAFK) B A=Y Aol £
shich webA olE Am2RE HFHOE AEF &
Hog 9532 ARAG] A2 29| =T
g Eas AQozRE drz2Y wE EE
WRRE Ao A2 o g 4z (+),
(—) F2E 0|83t FAH JPYE P F
ShSlch. 211 e 1o A ARS T’:E]
& 5, 729 5=, gETH, EY2d U 4o
oFgt ZE Table 19 AASHI. Eoll 2 v
27 A 25 wE A7} Ha FHsH
vebdtt, ddte] 4, W&ol Aol w2t
3 Zo7h tidks] aA MolAnh. I sl

g
tm

2
—

El



Table 1, A statistical summary of Hg data sets measured from Nan-Ji-Do, Seoul, Data sets are treated independently

after being divided into emission and dry deposition events,

Hg, * Hay* CGradient %gradient K Flux Vg
ngm™ ngm™ ngm™ % ms™ ngm2n cms™
(1) Emission only
Mean 4.16 3.39 0.77 19.90 0.1001 253
Medium 3.89 3.12 0.67 16.00 0.0912 194
SD 1.40 1.44 0.54 14.78 0.1069 224
Min 2.00 0.73 0.02 0.52 0.0018 3.60
Max 9.47 8.00 2.7 77.12 0.6109 1011
N 195 195 195 195 73 73
Cl (90%) 0.17 0.17 0.06 1.75 0.0208 43.7
(2) Dry deposition only
Mean 4.78 5.44 -0.66 14.47 0.1987 -846 3.65
Medium 4.49 5.37 -0.39 8.27 0.1542 -432 2.20
SD 1.20 1.52 0.94 21.31 0.1620 1114 4.75
Min 2.9 3.30 -6.62 0.72 0.0211 -3625 15.7
Max 9.16 11.20 -0.03 144.54 0.5136 -9.11 0.07
N 73 73 73 73 22 22 22
Cl (90%) 0.23 0.30 0.18 4.16 0.0594 409 1.74
**Results of z-statistics test:
Z value -3.5655 -9.9800 - 2.0057 -2.6848 - -
P 3.63E-04 0.00E+00 - 4.49E-02 0.0073 - -

*Subscripts L and U denote lower (0.2 m) and upper (2 m) level for the measurements of Hg concentration

gradient, respectively.

**Tests were conducted to examine the significance of differences between two data groups.
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Fig. 1. Short-term variability of Hg-related parameters, To derive pattern over 24-h scale, hourly mean values were computed
using all hourly measurement data obtained from Nan-Ji-Do during March~April 2000. () upper: Hg concentration and its
gradient (between 20 and 200 cm); (b) lower: Hg flux, In symbol legend, capital letters L and U denote lower (20 cm) and
upper (200 cm), respectively, In addition, (+) and (—) symbols denote emission and dry deposition, respectively,
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Fig. 2, A frequency plot of emission and deposition events over 24-h scale, The total number of emission and deposition
events were counted respectively for each hour using the whole concentration gradient data sets,
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Fig. 3. Comparison of E/D ratio for whole parameters, E/D ratios were compared for two different datagroups, The ratios
were compared between all data sets (A) and selected (S) data sets, While datagroup A represents the pattern by which
emission is favored over deposition, datagroup S was selected to represent the condition under which dry deposition is

dominant over emission,
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Table 3, Varimax rotated factor loading matrix for Hg and relevant data determined during March and April 2000,

1. Emission Events

il. Deposition Events

Variables Factor 1 Factor2 Factor3 Factor4 Factor § Factor 1 Factor2 Factor3 Factor 4
Ho 0.745 0.123 0.199 0.258 0.188 0.411
AHg 0.067 0.869 0.189 0.853
Flux 0.664 0.198 0.194 0.609
wv 0.310 0.714 0.174 0.369 0.716
RH 0.133 0.341 0.101
W-speed 0.081 0.273
Temp. 0.898 0.042 0.804 0.183 0.267
05 0.142 0.107 0.293 0.703 0.127
NO 0.197 0.259 0.355 0.048 0.330 0.882
NO, 0.400 0.136 0.227 0.287 0.134 0.880
S0, 0.265  0.745 0.839  0.252
CH, 0.623 0.058 0.146 0.276
N-CH, 0.030 0.800 0.100 0.290 0.723 0.185
cOo 0.437 0.212 0.220 0.738 0.439
PM10 0.466 0.115 0.337 0.644 0.253
% variance 0.351 0.173 0.103 0.081 0.071 0.345 0.262 0.14 0.067
Eigenvalue 5.261 2.596 1.548 1.221 1.062 5.173 3.024 2.098 1.012
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