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Abstract

Mercury (Hg) is ubiquitous throughout the earth’s atmosphere. The uniqueness of its atmospheric geochemi-
stry is well-known with the high environmental mobility and relatively long atmospheric residence time (c.a., 1
year) associated with its high chemical stability. Despite a growing recognition of the environmental signifi-
cance of its global cycling, the preexisting Korean database for atmospheric Hg is extremely rare and confined
to a number of concentration measurements conducted under relatively polluted urban atmospheric environ-
ments. To help activate the research on this subject, an in—-depth analysis on the current development in the
measurements of atmospheric mercury and the associated fluxes has been made using the most npdated data sets
reported worldwide.

As a first step toward this purpose, the most reliable techniques commonly employed in the measurements of
its concentration in the background atmosphere are introduced in combination with the flux measurement tech-
niques over soil surface such as: dynamic enclosure (or field flux chamber) method and field micrometeoro-
logical method. Then the results derived using these measurement techniques are discussed and interpreted with
an emphasis on its mobilization across the terrestrial biosphere and atmosphere interface. A number of factors
including air/soil temperature, soil chemical composition, soil water content, and barometric pressure are found
out to be influential to the rate and amount of such exchange processes. Although absolute magnitude of such
exchange processes is insignificant relative to that of the major component like the oceanic environment, this
exchange process is thought to be the the predominant natural pathway for both the mobilization and redistri-

bution of atmospheric Hg on a local or regional scale.

&2 g, 7|83 A EAde &2 2 Ay
2 (95~98%)0] 71AAE H YA 4L (elemental
mercury: Hg?)2 2 A8t (Kim and Lindberg,
At NLEEAE RRHE o2 diRe FF 0 1994). 529 ojfd WREEHL 20 Ze ¥
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#3 Bty 54, dE Bo] & #§24 (high vola-
tilization potential) ¥ A L3 = (low solubility)
59 7]olske Aoz FHHEY (Schroeder and Jac-
kson, 1984), 7z} thE diFE] Fa U)7] 0HE

Aed H$9 vl 2, O7] B4 EAse $29
TEE A7 Y A "E &34 (wet depo-

Al
sition), ZAZR3 7FzAAM dr12FRE AEHoR
welsle A%23 4 (dry deposition), AEHAA o

7129 W& ¥4 (emission) T3} 722 wel/9rE &
o] #%d o8 AT G& FAL ddr & 5 2
o A PR F2o gigt AFEe] & B
ZHAL B3] AFHE fFYHe A 2
1 ¥ w9 (Lindberg and Harris, 1985), #
< B8 "71E Adste wEedds e "”44
| & dte AFE] FAE A= go}
E}. A 2o i A LA FR9 -rﬂﬁl”(estl—
mation of global budgets of atmospheric Hg)&
wEddel st £AFEA st GkE A, oA A
2 FaAAHF AE U A 1yT Gy
ZARo) x93 ¥} (Kim ef al., in press).

AEHS d718A4A 7ol AdHe wEgo] 4A
38 d £3 (biogeochemical cycling) @d4el F£g 3
Az AEsge AL B3 27k Ay A3
A}EE 5 2 FAF Z2AEC] WA T (Kim
et al., 1993; Xiao et al., 1991; Schroeder et
al., 1989), 2% @AY F&d £, ofH AP
AFEL EY-U7] AWM doAves 529 2FF
%o] goAdo g APHT YL Hy
g 29, o3 FH9 sourceEdl
Alztgla, oA wiEd 22 A
AL AW EYIAAZ A
EfRA o8 7Y A8y 8g HE T,

WS AAZ AEHe £3F8d F5Ho 9L
g FANA FAG, 2 oI £EHAL
FE EE 82 A7 9 I #37 zdd 24

Aoz WA Y} (Kim ef al., 1995, in
press). HIE 29 o] 0431 7}A] E}%hﬂ 47
A AYPEHA R oleE AL 7tz #HFAE 19
F14Q BAZ A2 3]"\: =g A58 0l
et
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o &) FHHA FALHS 4o A shsAol
HEE v A% (Kim and Kim, 1996), = £44
9 5ol ol ¥ olfr2 I3 oby7tA B &
BA2 o Uk FuelA AlgE 2 tig drs
o) Mlza ZHo] golg mYUrIdM Y deErS
5ol 2xx A2 (7 F, 1989; 1987), Ho} AY
H 289 4% 2 drEcke o= AAnd
Feiell Fo Uk ol Eord AFr@AIE 5719
a, FEidEdM Ay FA HAd EA7Y ¢ 2
A3g 2EAM ofstat § 4 laﬁ 0131 °4-7- é
Faie el Axd 9
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2.1 WA & +2559 &3
WA o718 Foll % 2ng m” AR
Holg £2& &437] dsiMe, A8 A4F ¢
A 59 A AHAEAM gl g artifacte] ¥
& Aigsr] Y3t 2hd e Fofr Bl o] Hof
diA 71 wol Abgse A/ BA4E 19799 Fitz
gerald and Gille] 9Js) 7|8 waely, HE2A
FTHE F7e YA oA 7ule g HEAE
os) Ao AEAY WaoF AMEHT Yu}, F1tzger~
ald and Gill (1979)0) o&] Agda Hae T4 F
AR FAFA Stk (1) 22 EHAE EEH 24
© FER4 5 7he felde FYFd 1A X
718 AFEL, o EF7E EIANAE (FYIZE
o]-&-gh) 9] %‘—‘?‘—%Oﬂ vl &3t suctione] AYH= ¥
Z714de #&& 59 ofdHo R XY= ©A 2
3 (2) 9 450°CE 71Estd XY7|2RE F28
2l Wi, 2 dA 4L 3E7]- A FEY 7] (cold-
vapor atomic fluorescence spectrophotometry:
CVAFS) Et Y=7)-Y4A453847) (cold-vapor
atomic absorption spectrophotometry: CVA-
AS) & ol&3td AHgste AR FEY 7 9l
o}

og FHeatse s ¥R FErd YN &
HEAHS o8, Kim and Lindberg (1994)] ¢]s)
Md 248 SA7HE ek AsY. ol
13 Al A etet 6719 FAMAR (six replicate
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samples)& FAI AP 7 = N2WE ALY
ol BAHLE A8 & £ de R FEAS 7
371 A3 AdE ggtelth, ol g X 9dlx, dY
g F28 w°4 UP EJ o] AlxFHAT

F

e A FEAR, ‘1’%% 8}
s E§ 7}?‘]«] FRoAEY A=
F ARTNFEY HEgE ¥ F UeAd 458 B
A Aojrh. AP T AT

izl Y3, olE2 dAHe
Tylanol A g4 #g FZFEA7] (mass flow
controller: MFC)& AMgsle] &30, ojxxoz
ol #FFEF7It #x e AdeAs AAHI 4
g, »RYE bubble flow meterE o]&s) T3
BRAAATE FeFoaA, FF34s 48 8@ A&

Ag ool 7hA & £ AT

Kim and Lindberg (1994)9] A%, #29 &
AR AYA 400 em® mintY §4508 o 1~3A7
AYsrAth. 5L vEAZY AUxE Hdstslr] 4

&, sampled] TRHE $&9 FTFE blankd T3
E F29 % (% 1~2pg)ofl wsl <of 50u)7 He
50~100 pg FELE /A 0}“5}( ol #ATL 4
Al sample3} blank7te] a7} mle|&oz s WA
E LE Fags] 9% /RAA Aol ).
Au-amalgam samplere] T3¥ &2 348 3}
7] 94, Kim and Lindberg (1994)% Fitzgerald
and Gille] ojs) A 2R F-olgy THHEY
(two-stage Au amalgamation - gas—flow tech-
nique) 2 thS3} Fo] BAEE A4sig: (1) 3%
A A& 7] (field amalgamation sampler)
2 gxgsly 28 £, (2) 838 134 Y
RS ¢ AL 32 BANLE YRA Y 2
2} obbzhal, (3) A 93 EAEER7A F2
¥ oo B, (4) CVAFSY 93 & fo3e A
ZF3t B4 7719 Adze Y FY 3 —fr] 25 WE
Bl Uy 9 93 IFARE FYI 49 H
o XF/E B4 wuste WA oz A,
74 oy pdh FEe] HlwA fAlstgl AT %11}91
A o 0.4% A Y YAUEE BTt 24
71719) 7423 % (detection limit or DL)= ¢ 1 pg
o2 A4HAY (DLE 33 5 ZZUAE 3
FozA 2t ).
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of dmEe] girh, o] E4AEE 19939 69 HUAF
9] Walker Branch Watershedolgls 24 49
A9 EYYA da)d segeh 239 AFEAs
g, zZtz} 25 92 165 cmo § EoldlA, 6749
replicate sampleS AFEAE Aojt}, 25cm =
olol A A3 A AlRE 2.15 ng m™Y FEE
Hed, ol EAHY outlierel”) wjio A Astgc
AR o7 747te] wol§ iste Hd Y HELAY
(standard error)& 25 cm Eo|dA £&3% 571 A
859 w3 £33 165 cmoA A3 6719 ABE ©
&3 3 £ gled, o g 5L 2470 1.9240.013
1.8620.01 ng m™E Ve olg 7 xoldM A
A AREY HUNEFE 2314 (relative standard
error: RSE=standard error/mean)e] 0.27 %
0.300%¢°] slFsh= s A4 AT, weA
F gol 7y uvinlgt FEE & (0,06 ng m)E ¥
< AUx 339 & U
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Fig. 1. Results of replicate measurements of atmos-
pheric Hg concentrations at Walker Branch
Watershed in Oak Ridge, Tennessee (13 June
1993). Six replicate samples were taken at
two different heights of 25 and 165 cm and
used to derive statistically meaningful concen-
tration gradient from environmentally low Hg°®
levels in background air.
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g el Foel, di7lFd EAlsle L A3 g S
g s34 Hud deddde dFREoR FHFy
oA Uk, oo W, 2EIAEY HIZE (emi-
ssion rate) Xy AZAFE (dry deposition rate)
I 7+ ARHE FHOE o]F oA wFE (flux or
exchange rate of trace gases)9 A& o3z @
< FAE < Ut dAZ oY L F ) e
1 O])J—_,] 7~;<4;qx4 7}0]] "‘ZH ste 9 c@%zl_q E?—BH
(concentration gradient)?] 4Z& Fhbeted, ¢
A7y ToE 5 9 FE el dg AE e A
oA, @oszEFo] v Aoz A Q39
HAS GolatA ) wEM 2EgY 2L 93 A
Az E Gy dos] AU A2dye
Aol Agde g Feslth (Kim and Lindberg,
1994). dwkz o2 Jf2y QHEAY 2HEL g9
A ZHA g olgsted A 2 9l (1) wE T
= A8 o] He $74EH (environmental sur-
face) 22 ¥ F%ge] o yulE A423 F o] gt
£ BAAR wild 2¥E S FHse Barde &
4 (application of diffusion model: Kim and
Fitzegerald 1986), (2) ¥wvje] wte]% (inlet port)
/&R (outlet port)E E3ld &sts 37|18 23
i, 2 =g F HYIUIFd geld 2L A
st P MY (open flux chamber method:
Kim and Lindberg, 1995), (3) %7% #AME o
3t A oE PAHE 2959 AFEHE
T8 FA 71E7tA (reference gas: CO, EE&
H,0 #57DE%H 78 432845 (turbulence
SE5le, e9E79 B

4838 719 (micrometeo-

JlN rm

diffusion coefficient)&
Hl 2BEE Artsle vy
rological method: Meyers ef a!.,
SEHT AU
AEde 7
HHQl 8o HUYYUE
and Andreae, 1992; 1987), s|%¥%7 E= 343
A3 e @A FIET Aok 2y, o)s4g
“J I AWy T A4 SR 22 AR £
gnlel deAda e olfE 8], 2§89 Eo
|24 #Fgsict (Kim ef al., 1995; Meyers et
al., in press). 171%%71&44 Ae, sAdE
HEHY S=7HE 2% Yol ¥ £ Qe ’a‘lW
7 AEE 2Y 38 7H"“ _‘?.°d HET g5 o]
ALRAR, HId e 2 7Ye] F23 28 vAe
%%@"ﬂ g 857 Agsdd (Kim et al,,

in press) $9)

3¢ A 7HA °l§14 A g,
A 7ol (Klm

fed
J

A o

FJ o?r‘..
o

9

gRoiZIRAassA A1z2d A2E

1995; Lindberg et al., 1995a, b). uweli =7
Pz Fe&o L hd 422 s} dynamic
flux HujYe] ddizgoz 9&sdtt (Xiao ef al.,
1991; Schoroeder et al., 1989). 7] & 2.9
nEEd g3 2PN EY FAF AdE, Z3g9
Ao 713 ®el AMgEE dynamic flux WwHat
422 & AAEE Qs H2o) ZFwy e o
71748 7% o dis) ofefo) Asfergc).

2.3 Dynamic flux * B ¥ (dynamic flux
chamber method or dynamic enclosure

method)

Dynamic flux Fuye &83
[*]

BAw 1A £

LREE AL F2 299 (Xiao e al., 1991;
Schroeder ef al., 1989) % uj=¢ FXA4A (Kim
and Lindberg, 1995) 5ol szt 249 x4

A ez 27 Ay, 2HUdYA AHS AEEl
FWE #A2stded, blank ko] 47 9dEAE
AL vk AUk, wEhA] oE3 PEAE A Y4
Kim and Lindberg (1995} HEZEdwWE o3
28E 2AYE Nesided, o Wy L&d g3
7refs) aEch, Ave FEP HEZSE AMgEsio,

Fig. 2. A schematic diagram of field flux chamber
system developed by Kim and Lindberg
(1995): (1) FEP teflon enclosure chamber,
(2) external Al-supporting rod, (3) Au-coated
sand amalgamation trap, (4) bottom skirt of
chamber, (5) frame of Al-supporter, (6) Oak
Ridge National Laboratory (ORNL) Mass Flow
Controller (MFC) system for six-replicate
sample collection (Kim and Lindberg, 1994),
(7) MFC for flushing rate calibration, and
(8) vacuum pump.
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60x20x20 cm? 272 AZsgedl (2 2), &
4 gge oz =g ¢Fuly ZH Y s A=
H5E sgn. zEz MY 3y W EUGRER
MLEEE sto), AFHAN Hojue LS A
uto] Rz 7)o wZHR] GEE AU MR 4F
oitt, AHE 23k VB 7MY $EAE Ho A
A Fat7] s ek gyl 4 34 QY FE
ANE WAsY, TINE FHste #5& %
400 ml min' o g fA &} 227 ofo] AA 4229 A
48 Ngairt. ddol A== FG & 54 min
o f&oz Aviel 258 fAF FAt. TR
g 29 2L oM BARE 29 FEZAW
B& olgsle] ¥ 4 AL Aotk FAL Y FAR
& (repli-cate samples)E A-g5= FAZ, AuYe]
A& 23} (relative standard error, RSE=
standard error/mean) ko) olgiol BALE w7 As}
A7el FAwx Pl A 2ok AdFHeE FA
UERA T ol&l gt @ xgke il 3%tiE A HAUT
B E o] &3 HAgM, F29 THFEE UL T
S o] &3le] AT 4 Utk

Co'—Cl)

A Q (D

A7 Fe #29 288 (ng m? hY), G 2 G
AT+ 2 EFAM #EF £29 F= (ng m7), A
Aol wEE ube He WA (m*), Qe A9 F
F&5 (m® hr)E oedth. 88 F>0 (C<C) 9
2% g w7 FL

Cod Wy & AxAAs ougnt,

i e

L
4
rle
1o
iz
i
e
o]
A
=)
o
2

2.4 o|7[ &I Yo ot nEge &F

dutd oz oA HAY (eddy correlation
method) & 72+ v7jdetd WS Hesl7] falMe
ol FAEFY LRI WIE £7HHoR AT
ole 37w AME "e= 3t o g S5
7] 9=} “HEg 28’ (modified Bowen ratio
method: MBR method)o] /1=, o3 of
g2 ORIt BE 2% (A £9f, di7) Fol A
e Tt SEEE)d FUd Wz YFE v
e 7MY 2 Z12E 3 U (Meyers et al., in
press). ©7] ZolM BAZENs} & meotd of" &
7b29 wagd FEyElE 44 F (C) 2 Colgx
st (et o)) Tl s dA%EY 1S,
F(C)e 593 zAdM 38 2 8329 w51

g, G 3t 2E F4E of &AM 1) AN @
T Aok

F(Cy) = P% C. =K4GC; (2)

714 F, 4C, K& 247 288, s+, Ui
s m7)EA 7Ee A8st] HAa,
oo Frpil g dFad Are 42 A7 7 )
ol 5YARN A2gg o]fete FUT FoldA A
Art, F29 FETHE AdA 3T vr2Hs A
A3 ¥¥% Kim and Lindberg (1994)¢} w4& o}
ot 2¥ 160M 2 A wiixeg, A8d 99 5
S E 25 cmét 165 cm?) F EoloAM Zhz} 67)¢]
AEE FAH Afshe BeoR AYHASG. 7 o)
A o387 e FAH (replicate samples)E A
ez, Z golg disie (WA &e) #HF
FEAE AHET £ AU

2.5 EetEtAAt o ztel
cHet & ALe
EFBAAE FHCE dolue 29 n@gsd o

wEEZo

o A EHAEE E 19 AUk AR
4% 79 FAFHA WY 2719 A8E Xiao et

al, (1991)9 2j8] ZEECH, o] Feo] 2dwle] shy
FUAQANN AWE o183l 2HT wBEL B,
ARAE FHOE Yohhz F29 fluxrt % —2014
+2 ng m? hr'e HAdAA SHHJD (714
-9 +&5 77 AzAH 9 wEg o). 28R o
g pEIAe Ed 2wt deE A e
Z, E%ol Wzt wAZole Az A o] 43
3 3 duag He A& BYEY. AdALRE
dEoE wEe] $AE, Agde HFol AT 4
o) wHAch v}, Kim ef al.(1995)0] Hth A
g WRiQl AR S ol8EA /S F
AR 5 ni79 FEFAGS HAFY 2iFEA
GoM Y3t AddAste] B2, Xiao ef al.(1991)0)
W Aol A Apojdo] Exjste AL 4A @
ok, F A 243 Kim ef al.(1995)9] |5
A#rt ¥ 39 2950 gt o] B ApAd o
29, 3989 F A F 939 F34ds A4
(~1.9+2.1ng m? hr': group nos. 1 and 2 in
2@ 3), 303E $EE Hel FUG (8.047.6 ng
m? hr': group nos. >3 in ¥ 3). Kim ef al.
(1995)2 1 £9 AFE ol&3te n3ANY A7HA
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Table 1. Comparison of air-surface exchange rates of Hg® over background forest soils.

Types of Forests Mean Flux (range) Soil temp. Time
§(location) (ng m™ yr) N (°C) (month/year) $Sources
A. Emission fluxes
D* (TN, USA) 7.6 (0—28.8) 22 13.7-36.2 May~ Aug. '93 (1)
D* (TN, USA) 7.1 (0.8~19.7) 8 12.1-17.6 Oct. ~Nov. '93 (1)
D* (Sweden) 1.4 1 10 Aug. '87 (2)
C* (Sweden) 1.4 1 -5 Dec. '87 (3)
C™ (Sweden) 0.8 (0.1~2.5) 4 10-12 May '88 & Jun. '89 (3)
C* (Sweden) 0.9 (0.6~1.2) 2 10-11 Aug. '87 (2)
D* (TN, USA) 16 (1.4~36.7) 6 29.6-32.1 Laboratory (4)
B. Deposition fluxes
D* (TN, USA) 2.7 (-0.6 to —=7.5) 7 21.1~31.7 May~Aug. '93 (1)
D* (TN, USA) -0.8 (-0.5 to —1.1) 2 12,1~13.7 Nov. '93 (1
C* (Sweden) -1.2 (-0.3 to -2.0) 5 0.5~3 Feb. ~Apr. '88 (3)
C* (Sweden) 0.9 (-0.8to —-1,0) 2 7~13 May 89 (3)

*D=deciduous, **C=coniferous,

§Sources: (1) Kim ef al.(1995), (2) Schroeder et a/.(1989), (3) Xiao ef a/.(1991), and

(4) Kim et al. (1993).

3 ol ARAYAYG: (1) A AEE
Ly AAE 10w 7HF sl Yo
v A, (2) AF YaxE Bold, HAA &
= Z A= R, (3) 4371 € A
£ o ”J%fﬂ* "1 LIRS Db
HoFr} old
22, Kim et al. (1995)—8— Xiao el
091)9] AFAste JolEE ATUAS e
z_| zpolA @ ogubHel o} 7Z+e Q9o o
we solgz 248w,

s
k=l
;o
L
e
>,\I
Olﬂ

KD

2.6 MEEE ZHsl= BFAUXE
ARHE FAHoR Yojur 429 ZHIYL 97]
Zo EAsles 29 oAy 71A gEEe] Ad
A (volatilization potential)o] A #H$ He A

oz Z2HAY (Kim ef al., in press). °]¥ #3q
MoE o 23l ¥ HeH=E #dE 9adse
(elemental mercury: Hg®) % Z9E4E (dime-

thyl mercury: (CHi)2Hg)el 7}4 &dlsAg, 4
A AZAAEL YA FLol wBEAY] FAFH 9
£ 3 site AE Eal
el A8t F2F0]
HEHUA 7ol A5
of ez &3] EHEr
al in press). 7)o

2 t7] Fdl EAlste Ji} SFEEANA 2w

gaU R A Al2d A2 E

14 —
3 12 | 5 lnslg
9 .
S 10| Is%g (P<0.10)
% g Osig (P<0.05)
8 6
G
© 4
S
Z 2
O .....

Hg® flux (ng m™ hr')

Fig. 3. Frequency distribution of Hg® fluxes measured
over Walker Branch Watershed forest soils
during May-November 1993 (Kim et al. 1995).
Measured fluxes for each data group were
classified in terms of statistical significance:
insignificant, significant (P<0.10), and signifi-
cant (P<0.05).

$4E Rolit 3 YANLAEAERY ¥ AT
& g& Aog ysl At (Brosset, 1982). o84 3
gHoz gy $22 44 o] %oﬂﬁ FHHA &
od, o 19499 1 d7|AFAILE FAF ol
$7aed 5dL 3 0, a5 nLY
FAHGYE @Y= J& T8 T % s
W Es AA e oz wag vE
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2 HHE% RS HENWA B9 2ol o)
Ze7t ARRTY & 5 ok weks 20 n#
Z2A3e @AE WY dve #29 2¥EH
A} ke AAFAC W 72 AFdd, F
2g8gd AFAY FFE fAs JAER 2E,
kol et MY, EWY #Fg, 7% 5 8
fﬂﬁz—i"ﬁ FE & Ut o BANSLE FolA

EY Ee g7y 2=t n@dgd 7B FEEA
gg nRe 9xe Aoz WAz A (Kim ef
, 1995; 1993, Lindberg et al., 1995b). Abad
ol wEgsle] dAAEe T AEA/1YY Had
LB AFAE BEGH FAES WEHG 8 ¢
oAt (343 FTE (Goldan et al., 1987); NO,
(Andersonand Levine, 1987); CH, (Shurpali et
al., 1993).

A A1AHEL F29 fluxd EFLETY A
+84A4 A##A (exponential correlation)& 73
oz voFy Aok (28 4) (Kim ef af., 1995,
Xiao ef al., 1991; Lindberg ef al., 1979) 0|23t
dge 2xd 57}7} %’\“ _1,1 %‘ g f

Wi oo dgs s |4 o

ﬂmlmoﬂ,_\&oﬂ,mlo

ok

d:
E
E
kK
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o
o]
o "
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Hg® flux (ng m2 he'")
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0 — T T — 1
Air temperature (°C)

Fig. 4. Relationship between air temperature and
measured fluxes of Hgo over the Walker
Branch Watershed forest soils in Oak Ridge,
Tennessee during May through November
1993: Flux=0.1824 exp (0.1366x); r=0.62,
P<0.10, N=17.

WAE=EA 2 dr-A8d o 288 195
£ 44 (emission potential) S Arrehenius?|d] 2
5 3 ARE & b 3k Arrehenius?] 2 o] &34
T3 AR (activation energy) FIEo] i
10~30 Kcal mol?'g Jgtesd (Xiao et al.,
1991; Siegel and Siegel, 1988), ol +AANE
9 B4& 53 Kim e al.(1995)& 252 98]
(0431 Ax7h A ZEY) §74 Aoln o F43
2 44T F Ao Agsiad.

E"ou 8182 Aol ngo ve ¢ oz
7% vlmd gust A7 Fopoly}, e ol 3
e e g AFs B 29 ugs

3 R 2, ERAEAE QA2 a4

i Aol s 45 AgEE Hole
o £ A4 e 37 (L) SYEEEY #
2@ & 4 v} (Schluter e af., 1995), WM £

2 9% 5 i e A4 7185
bEo] foldt ez WS oo ¥ A

rlo l—J 2 B =2 dn

B4 Te FABANE 4F T
o o3 7heslet. A5 o, 2o g UjAe] st
EGUAEEY A EY EAde 24 Ze 54
3L AAse & WHeR {4 Ee B4 2
L 29 A7 F AL Zolt} (Vaituzis ef al., 1975).
shdo] B WAlE +2714 £& BEL -‘ayg Fo
o7 FArNIE FAEA ¥ee EY humicitadt
7o BAo s 21" % Ut} (Skogerboe and

Wilson, 1981). #&& o]&3t F£34k9 x|3op#
AR o) '70~’80L4tﬂoﬂ AL EHSled, ol o
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