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Abstract

Cloud/fog water was collected at Daegwallyeong, a typical clean environmental area, by using an active fog
sampler during the foggy period in 2002. The pH ranged from 3.7 to 6.5 with a mean of 5.0, but the pH calculated
from average concentrations of HY was 4.4. SO, NO,™ and NH,"™ were predominant ions with average
concentrations of 473.3, 463.3 and 576.0 peg/L, respectively. This showed that cloud/fog water was slightly
acidified, but the concentrations of major pollutants were as high as those for polluted area, suggesting effect from
long range transported pollutants. Samples were categorized into four groups (E, W, S, N) by applying 48-h back
trajectory analysis using the Hybrid Single-Particle Largrangian Integrated Trajectory (HYSPLIT) model.
Concentrations of seasalt (Na™ and Cl7) were the highest for group E, indicating large input of seasalts by air
masses transported from the East Sea. The concentrations of SO,*” were slightly higher in group W but the
difference was not significant. However, the concentrations of NO,;~ were significantly higher in group W than
those in other three groups. The median values of cloud/fog water pH for group N and W were below 4.5, which is
significantly lower than median values in group E and group S. This suggests that the acidifying pollutants were
transported from the Asia continents and Seoul metropolitan area cause acidification of the cloud/fog water in
Daegwallyeong.
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Fig. 1. A schematic diagram of active type fog water sam-
pler.
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Fig. 2. Correlation between anion sum and cation sum and conductivities mesured and calculated.
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Table 1. Summarise for pH, electrical conductivity and concentrations of major ions in fog and fog-rain water at
Daegwallyeong, from March through September 2002.

oH EC - NO;~ nss-SO2 HY Na* NH,* K" Mg?t  Ca?t
(us/cm) peg/L
Median 5.0 107.9 2304 186.1 243.8 9.1 101.1 398.3 24.4 379 1056
Fog-rain Average 5.0(4.4)* 144 150.7 463.3 4733 39.9 148.4 576.0 26.2 60.3 171.3
(n=19) MAX 6.5 530 668.0 27293 1820.0 211.8 532.8 2078.4 86.1 180.5 7618
MIN 37 14 6.2 72 338 03 12 55.8 0.8 0.8 6.6
Median 5.1 18.0 23.6 25.1 41.5 8.0 17.0 57.7 4.7 7.5 14.5
Fog-rain Average 5.1(4.6)* 30.8 75.4 65.6 72.9 242 583 106.3 7.1 18.1 30.9
(n=90) MAX 6.5 187.0  666.3 625.4 383.5 249.5 483.4 761.4 64.1 1347 3102
MIN 3.6 1.8 0.6 6.5 7.2 0.3 0.3 0.6 0.2 0.2 04
*pH calculated from the average concentrations of H*
o} gk Aol dgsidz gl qblulel] vid & o] ARAAE NH, 7} HF 576.0 peg/L2 717
o] AT AFATE] Bold LPAEE H Wl w3y
AT 7] el ERel ol AR b gaTac) A eble 24 B A9 A

Al o] o d#E A ] pHE 3.7~
652 Bwd g ¥ E Hola, pHY Peated
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Al ol T2 AL A 5 gl AR o= st
@ e & L= A I ER XA 3
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Fig. 3. Composition of fog and rain. (a) cloud/fog water collected at Daegwallyeong from March to September, 2002 (n
= 109), (b) precipitation collected at Kangreung (Yongok), from May, 1996 to April, 1998 (n = 139).
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AR AHG Al BER ) AN
Q9 Mg FipA sl A4S B WL
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Table 2. Summarise for pH and major ion concentrations of fog of high elevation sites from various countries.

Ccrr NO;~ 50, Na™* NH, " K* Mg?* Ca’*
VWM pH
peg/L

Czech Republic (Sep. 1999-Nov. 2000)"

Milesovka 45 67.7 761.6 608.0 47.8 898 25.6 24.7 99.8

Churanov 4.4 33.9 290.2 354.0 26.1 410.2 12.8 16.5 114.8
Japan (1997)%

Mt. Rokko 38 110.0 124.2 64.5 82.6 171.8 11 247 25.0

Mt. Oyama 3.7 240 487 273 110 696 25 33 72
USA (1997)

Mt. whiteface” 3.7 7.1 85.3 198.2 3.0 126.6 1.6 3.7 15.0

Mt. Whitetop® 3.6 25.8 155.9 328.9 14.2 210.8 2.9 7.8 20.6
Clingman’s dom* 3.5 23.9 179.8 4241 16.0 2239.4 2.9 10.8 40.6

DFisak et al. (2002), »Nakagawa et al. (1998), *’Anderson et al.(1999), “Vong et al.(1991)

J. KOSAE Vol. 21, No. 3(2005)



350 - ol - ™A - Fodul

9 7)Fel 5 A2t BHE - 23 — A e|d
Fow RFII, dEFRED — 53 — dTAW
ol Foz FF3Act oled 2gEAS 015,11
Aol Rz, AT W2 TR FE A
oll¥= HYSPLIT model (Hybrid Single—Particle La-
grangian Integrated Trajectory)-& o]-8&te] 29312
o] £ 25 2}el3}elct (Draxler and Rolph, 2003). ¥-
Aul 2. TakAY (isobaric method)-2 # &3} T
Aol =asr) 7242 A o) 342 vt 94
A RA-& 3t} Deininger?} Saxena (1996)=
SAAAAN AHT T8 ool AT 72
Ayel e sHshed G0d BAE BT T
712l $4lA =l A7k Ans 5834 A" &
SUSE Bl vl gtk

Fig. 4. Classification of Source Region (2002).

600
500+ d
400

3004

Cl” (peq L)

200 .

& &

100
0- =1

East W;:sl South North

ool HE S O, Nate) ¥
g 23 sl 27 dehigich S 75
& e 7S Cl'el Na™ 9] 527} o2 vk
I A & sl B 99 IR
Horg A olFH & Aoz weE A
»}mw el e AT olEHe e ¥
FFNEez 4 & 7179 ol A
A o] AR 2 40% A =7} QA 7]
ek e vepdeh v]2e] Mt Mitchellol 49
A7AT) e HPAde Faae AFe o
H Be W FES WA 44 AR T o
45%7} 3 @ o))} (Deininger and Saxena, 1996).
38 62 7% o5kl e NO;T, nss-SO,”
9 2z Bxz vehd Aotk NO;T, nss-SO, &
T, oMl 4 E2) Al A 2 7ledE s
Fe AAUAER DoAsHED PskEelA 7]
e} 7ol HE ATeNA BT uhsh el F
e s BABEo] AujHoz A} 7)o
Sm2 ol& A% F nss-SO2 o] A Beh(Tu
et al., 2005; Hara, 1998). 121} S2vlete) d& =
AT F2 ABA 7% AaakebEe) ool
Wk 7 F NOy 9] %2 nss-SO,7 9 A #)
S5 el e Spolt B3 A2 B9 U=
A Adelaie AP NOye) 7)od7) o 2]
t}(Lee et al., 2000; Hara, 1998). AA]3}el] o8t A4
AshEs askEe] 4dde sldws veps)
Y8 gubd ez N/SH] &, [NO; J[nss-SO,7 18 T
2] &t (Chan et al., 1987). whebA] o 23] 4 2] <Y

500

4004

300

200+

Na*t (ueq L")

1004

- =

So{nh

O.. -

East West North

Fig. 5. Box plots of the concentrations of Ci~ and Na* in fog-rain collected at Deagwallyeong.
*Five horizontal lines represent the 10th, 25th, 50th, 75th, and 90th pecentiles of individual fog-rain water, and dots

represents outlier.

Y783 A 21D A3z



sl %

700
600
500+
4004
300

& é =

East West South North

NO,™ (peq L)

o

nss—SO,*” (ueqL™)

271 AR A e HzAel vlAE= ¥ 351

500

400

300 .

. é ;

East West South North

(=4

Fig. 6. Box plots of the concentrations of NO;~ and nss-S0,2" in fog-rain collected at Deagwallyeong.

15 AARFY 71F 9 kel wel NOsy,
nss-SO,>", N/Su] 5ol o]g7A Wslsl=A& Ay
o2 o] A Wl/FEe AR AAEA A
e FeXE 7Hse B 4 ok

nss-SO,77 9} S =E e AR $%3 A
ZolM Z1F7F FYE o Tk ok A 25%2
FEY FEE AFHRY MEIH 522 7|F7} /4
g o i o Aoz mald T} HiHow
7158 kel wet Al 2felE HelA
orck wbd, A= bN/TE F N0y 9 ¥
Zo 2 RE 7|1§57F F4€E W, F obrlo} H el

X 52 o

sl SEAE AH WGl 498 A9 F

=R B 54 19 (3R 6). NSHE AZ
7152 odske gk w N/Su|7} F=2|A|A =4t
(23 7). o)F e A AY G4 5
g ubeddt Zlozw B 4 vk #ZX39 AZF
AXT +2dE F2 AFXIA 7]ed Apabd)
9| 5ol 2 A g vls] 53] & Fo|vh w}
2HA] olalol HFelAM o) Bl 7)F7 EH AY
&+ 33 BHoz fU% A (Wesole £
& AAA g3 B 29E B3 XA #
% 7% (North)ol] w3} Aaitsl2e] Fxr} A
wolxl Aoz HL EZ% 7|H7t £42 o
NO; 9] ¥=x Fiv} shits FixgdeziE 4
A= 7179 e Aoz Pe wol 2ol F
Holx| ¢k 7oz nlfe], £xd APl w]&3L
AaAtsgo] ARG g 753 9] NOy 9] %
=0 F23 7|9F 2 Qe & BAET v
=9} g A= ) F NO;™#F nss-SO,>

o 0 i o

i gL

T T T T
East West South North

Fig. 7. Box plots of the N/S ratio (equivalent ratio of NO;~
/nss-S0,2") for fog-rain water collected at Deag-
wallyeong.

9] B F N/SHZF BF XA MFE xPo= 7}
BA F7leke R4S wel, ARAdelNE At
Hgo] Foa AP ddEPolzhe dee de
v} gle} (Collett et al., 2002). AE2H o2 NO; ¢
nss-SO,* 9] =7t &2 Aol A= Ao 75/

R oz ofxlo} thF AAY wieky sl ¥o-&
gt Flolx, ApAlsEL F2 Fhix R E3
MNES T = AoAA RAste] o] FH o
& AelEtm B 4 vk o Apel|A] spatsiEe)

Eo| A&t ukel Fo| FHolx|Ho] FALsLE-2] w)
s R FE FHOAM o FH L 2984 o
5} ol b2 o Fol] u]8] 7] wj&oll (Topping er
al., 2004; Lee et al., 2001) Th3H2] A 99 b 94|

ol
f

]
i)

J. KOSAE Vol. 21, No. 3(2005)



352 ZATF . o)nA - AFA . Feodu]
50 7
40 . .
61 .
O 304
N
4 N
3 207 . & % 5
10 é g .
i 4 . .
O_
T T T T 3 T T T T
East West South North East West South North

Fig. 8. Box plots of the fraction of Ca?* for total cations (Ca®>*/TC) and pH of fog-rain water collected at Deagwallye-

ong.

o Fell M
=3

33 82 71 Fel% Wk W Ca
=% °=_P°}i7l 8 ZAA oFol F Ca’tolo]
A sk ¥1F5E vepd Slolet FEoA o] 5L 7]
ol A Ca”ol AA cfol oA ARl HF
o] A3 w3kl FE FHoA olFH ZIFS] A%
< Woke g uidz A3 2okt o] 2
= HAEAAHY Gl HHT M3 A zRE
7155 ot o] AFoz T BgEe] FUHE

e ioﬁ—c‘:‘r. akeF M 3|otell M feist Zepoletd
B71A olER AR FISle FEHAIRA AHEE A
o]u}. Fisak et al. (2002)2] AF Az} = B ¢
d9e] gl Jablonecoll A #A5F WA Ca’t e
2o} AA oFel&e] 50% A=EE A3, o
 2A Mg ez e o] fUE Aoz
ARt v, 5l & 58 = V15 4t
Hoz AAEAL] yErl & Aojnw F2 9
A A2 EAhs ZastgEe] f4del A& A
o= o]s ¥}

ZV5rel5 Wkl whel
Bx= Aot zlelE ¥l Wb, pH 2ZANME A
o] % Mol ¢li=r}. T2u}, pH7} w4 (logarithmic)
ol m2 pHollA 1Y) Aol feie] B =2
Fatstm 10w 2bo]lE mE{Ehy o o] AR
o A E o7} vt BE Aol $. 53, 1
8ol S AmEm Fr)§- skl atet
pH 7o) 5AH oz 433 B5& & 5 ok A

150 2B gl Yt AN

2to] 2] 7]ed

2 ole AEES =

o
H
£
N

A7 A A21d A3

z3} 22 7150 AgsjelAE e 50% H =}
pH 4.5 o]3te] At WNAAT, 55 7159 o
wg dole oF 50% A =7} pHSO o] A} o]gj
w& 7159 #9le) gl& e 50% o]Ate]l pH
o] ke B F AFAM ZIF7F F4E
9} HFozRE Z{7) )5 AL F FF
o] 58led B3 (North)olv} =4 (West)%
Sl diged 2o <fe] pHE @
X 7A%E 2ok o)#ld pHe| A
Fo) A& T nss-SO,>
NO; 9] ¥5 E3] NO; 9 »57} B8 s )&
FHE & 3l B AdXo=z Hge wb
Aoleh FHol Q| FatshEe] =7} AubA
2 52 7 =3 549 2GR ] 9
A o] FE/NE AbAELe] Yelele A) ]_6}1;}
o, FFel A ol FgFH R 7IF2 <3 dleAe
7} o %%‘iktﬁl ol Ca*™ 7} w9 Azt
otk & FEoznE V7 498 A
Ca“i}‘ﬁﬁﬂl s FEt e]Folx &
H]3) o4 pH7E ESkohar a4 €.
3% 9% 71 olF Wkl wE pHel pAi] A
#FAA =2 JeEPE Aot} pAir -loglnss-SO,%
+NO, Jo=z v 7|49 ate]23} R Abe] o)
25 Ak} Aatorw EAE 7o pHE on|d
o} webr] BRAbEE S "‘MPE} o] WA A& Z2
H7lel A2 AlzlabAd & A2 o i FEel
R Aol AEe] 1:1 Al A H 3,
L3 A kol ApHA 7] FellA |74 cllolzE

oft
m\o

& ,H

ol

-L

) _\N o.&
rﬂ-‘ ol |o ot of

[+
—

_%

o Mo

Jo N rS:L
f

o)



GEEREET LY

2o qbrfe] #EzAde] vlAe ¥ 353

9
East West
3 1
7] }
o] !
<
(=¥ 5 | ..
: .... . } LI
4 Vs 1 ’
ee ¢ °® .
3 o* w .
2 — — —
9
J South North
8
7 -
— 6 1
s
5 () ..0
. ol .®
4 L ) « 0 -
: . 0 ,% o
3 4 L]
2 T r — —
2 3 4 5 6 7 8 92 3 4 5 6 7 8 9
pH pH |
Fig. 9. Correlation between pH and pA; of fog-rain water for four different wind directions, where pA, = —log(nss-
S0,2 +NO, 7).

ot ZAY B 28 F3bk AR e
o) Ao 1:1 AMY 22% oz XA 9le
RAoleh. AR B & Ak AT ABA AN
JEAL FFE Y 111 A Fte] Rxge
=4 F37h 383 AARA S AT 24BA
o) B4¢ Byt YA A X AsdE AF
of 1:1AlellA He] ¥27 72971 wob A23] F3t
d F 00 F AR Azde] AE 2 gEA
A= ?Ml Byet o) A £=EAE B3
719 el g W ABVY PlTE 9=
1} AAI3loll StfjollA] Wb gL 9 9d9)o] ofdke Alc)
g w9 Aol M F Azke} Az}
T 2D el Yol 2YEAF F2 Y
2 Qe Aoz 47D, rwag Ao <
Z9) oleApe) et e 989 294 A
2% $oldeh ol ohAobuAA e uh
SrEl Eee W9 Aoz woln, 7)o Hak

of £=lM F7I7F F1E dells SxdelA]

ofd dm

B
[N
i

A #=32) lE Zhgel nis) Fol2AdEe F=
7F 7~8ull o4 ol AR Holl = Z-rTs
°}7HL+ el % 29EAL AHe] o Fasin
T AE AT 4 Ak AARE L e A=A
3 *Zl"”WI“P BN/FE] HF pHE 442 AHA
38 Aoz Mol o] &R Fri o Y52
298 AYHF Fotd I LgAdozrE
A e e 9ol A&E AT =3 o
LA AF 7)Fe] ol et HAAH A b
8 24l fﬂﬂfﬂ A Aol F2HY FEol
A 7)8e] eale] 9l wWx 2 A Eo] 1,

FEAA F900] U B F2 At AR 53,4

J. KOSAE Vol. 21, No. 3(2005)



354 w0

B AdelA fd=E ZEY =0t B4 vEhd
ok 2 Fol&al nss-S0,7 9 FEE 3719 °%
uhpel] met & Zo)7h gle] FopAlobx| o] by
oz #astEel FErt 5 dbdEEn Wk
NO; 8} F=& AFdAM F717h £ 2 = dA3]
F7HEAaL, o 7 N/SH|= Z7hskelet. i 9] pH
£ AES BFAM 3717 o[58 & o T o}
Ax 54% 1o, ool §3 SN o]Fd
2ggge) dEGA G b Al T3t
AEE & F ok B MFelA 7157t /02 o
NO;™ =9} N/Sv|7} 271512 pHI} WolR|= Zlo
Bop fEHAM FUE AR ﬂlﬂr"fézl
SN/F-Ee] Al Fod e Fe
Hazch £ B8 I #3d nﬂoﬂ
Hedegde] 3 AxxE o Zfel vs AT
1 rob, AFel AT SeUX G 298]
HAHFAY W, F59 Al T Aoz
B

F“J&h“

I"}'

ol

LA 2

o] =12 32 stAg No. (RO1-1999-00291)
o Afez FAHYLUD ARAAE 99 S+
74l o)A BE B 53] ol AL
Hell A A=A 2ol ALed AAd BAL
READY website (http://www.arl.noaa.gov/ready.htm})
o] HYSPLITT-4 53-& A3t Zo|H o|& Al33
NOAA Air Resources Laboratory (ARL)ef| ZFAl==]
ek,

{ Sy} I%_{

i
Ho

A, 1ok, w71, 3 E(1998) A7 sHEe] R Awk
e el 9 A3 - FAAY WY ez
A (1996 ~1997), =l 7| RA 3] 7], 14(5),
491-198.
HAA, o)med, 71 AL, A <43} (1996) The chemical composi-
tion of fog/cloud water according to the wind sys-
tem at Mt. Sobaek, ¥+=7]AeF3] %], 32, 291-302.
Anderson, J.B., R.E. Baumgardner, V.A. Mohnen, and J.J.
Bowser (1999) Cloud chemistry in the eastern Unit-
ed States, as sampled from three high—elevation

FZo 71845 3A 214 A3s

sites along the Appalachian Mountains, Atmo-
spheric Environment, 33, 5105-5114.

Alkawa, M., T. Hiraki, M. Shoga, and M. Tamaki (2001) Fog
and precipitation chemistry at Mt. Rokko in Kobe,
April 1997-March 1998, Water, Air and Soil
Pollution, 130, 1517-1522.

Blanchard, C.L. and K.A. Tonnessen (1993) Precipitation—
chemistry measurements from the California Acid
Deposition monitoring program, 1985~ 1990,
Atmospheric Environment, 27A(11), 1755~-1763.

Chan, W.H., AJ.S. Tang, D.H.S. Chung, and N.M. Reid
(1987) An analysis of precipitation chemistry mea-
surements on Ontario, Environment Science and
Technology, 21, 1219-1224.

Collett, Jr. J.L., A. Bator, D.E. Sherman, K.F. Moore, K.J.
Hoag, B. Belay, D.X. Rao, and J.E. Reilly (2002)
The chemical composition of fogs and intercepted
clouds in the United States, Atmospheric Research,
64, 29-40.

Deiniger, C.K. and V.K. Saxena (1996) A validation of back
trajectories of air masses by principal component
analysis of ion concentrations in cloud waters,
Atmospheric Environment, 31, 295-300.

Draxler, R.R. and G.D. Rolph (2003) HYSPLIT HYbrid
Single -Particle Lagrangian Integrated Trajectory)
Model access via NOAA ARL READY Website
(http://www.arl.noaa.gov/ready/hysplit4.html),
NOAA Air Resources Laboratory, Silver Spring,
MD.

Fisak, J.M. Tesar, D. Rezacova, and V. Fottova (2002) Pol-
lutant concentrations in fog and low cloud water at
select sites of the czech Republic, Atmospheric Re-
search, 64, 75-87.

Hara, H., E. Ito, T. Katou, Y. Kitamira, T. Komeiji, M.
Oohara, T. Okita, K. Sekiguchi, K. Taguchi, M.
Tamaki, Y. Yamanaka, and K. Yoshimira (1990)
Analysis of two-year results of acid precipitation
survey within Japan, Bulletin of Chemical Society
of Japan, 63, 2691-2697.

Hara, H. (1998) Acid deposition chemistry in Asia, Europe,
and North America, Progress in Nuclear Energy,
32(3-4), 331-338.

Hong, Y.M., B.K. Lee, K.J. Park, M.H. Kang, Y.R. Jung,
D.S. Lee, and M.G. Kim (2002) Atmospheric nitro-
gen and sulfur containing compounds for three
sites of South Korea, Atmospheric Environment,
36(21), 3485-3494.

Houghton, H.G. (1955) On the Chemical Composition of Fog



A%l &

and Cloud Water, J. Meteorology, 21, 654-663.

Igawa, M., Yasutsumi, T. Mori, and H. Okochi (1998) Fog-
water Chemistry at a mountain forest and the esti-
mation of the air poltutant deposition via fog dro-
plets based on the atmospheric quality at the moun-
tain base, Environment Science and Technology,
32, 1566-1572.

Igawa, M., K. Matsumura, and H. Okochi (2002) High Fre-
quency and Large Deposition of Acid Fog on High
Elevation Forest, Environmental Science and Tech-
nology 36(1), 1-6.

Kobayashi, T., Y. Naragawa, M. Tamaki, T. Hiraki, M.
Aikawa, and M. Shoga (1999) Estimation of acid
deposition to forest canopies via cloud water by
means of throughfall measurements and cloud
water collection—Measurements in cryptomeria
Japonica stands at Mt. Rokko in Kobe, western
japan, J. Environmental Science, 12(4), 399-411.

Lee, B.K., D.S. Lee, and M.G. Kim (2001) Rapid time varia-
tions in chemical composition of precipitation in
SOuth Korea, Water, Air, and Soil Pollution, 130,
427-432.

Lee, B.K., S.H. Hong, and D.S. Lee (2000) Chemical compo-
sition of precipitation and wet deposition of major
ions on the Korean peninsula, Atmospheric Envi-
ronment, 34(4), 563-575.

Lee, J.H., Y.P. Kim, K.C. Moon, HK. Kim, and C.B. Lee
(2001) Fine particle measurements at two back-
ground sites in Korea between 1996 and 1997,
Atmospheric Environment, 35(4), 635-643.

Mohnen, V.A., V.P. Aneja, E. Cowling, M.S. Goltz, S.
Healey, J.A. Kadlecek, J. Meagher, S.F. Mueller,
and J.T. Sugmon (1990) An Assessment of Atmo-
spheric Exposure and Deposition to High Elevation
Forests in the Eastern United States, EPA/600/3-
90/058.

Nakagawa, Y. and T. Kobayashi (1998) Seasonal variation
and basic cation in leaves of cryptomeria japonica

growing at Mt. Rokko, Journal of Hyogo Prefectural

3
]

Aot AR7 A e stzAel v Ae

355

Institute of Environmental Science, 30, 73-76.

Okita, T. (1968) Concentration of sulfate and other inorganic
materials in fog and cloud water and in aerosol, J.
Meteorological Society of Japan, 46, 120-126.

Pierzynski, G.M., J.T. Sims, and G.F. Vance (1994) Soil and
Environmental Quality, Lewis Publisher, London,
256pp.

Schmenauer, R.S., C.M. Banic, and N. Urquizo (1995) High
elevation for and precipitation chemistry in Southern
Quebec, Canada, Atmosphéric Environment, 29,
2235-2252.

Schulze, E.D. (1989) Air pollution and forest decline in a
spruce (Picea abies)forest, Science, 244, 776-783.

Stoddard, J.L.., C.T. Driscoll, J.S. Kahl, and J.H. Keogg (1998)
Regional analysis of lake acidification trends for
the northeastern US, 1982-1994, Environmental
Monitoring and Assessmint, 51, 399-413.

Topol, L.E. (1983) USEPA Precipitation Data Ddisplays for
January 1, 1979-June 30, 1982, Vol. |, Electric

] Power Plant Research Institute, Palo Alto, CA.

Topping, D., H. Coe, G. McFiggans, R. Burgess, J. Allan, M.
R. Alfarra, K. Bower, T.W. Choularton, S. Decesari,
and M.C. Facchini (2004) Aerosol chemical char-
acteristics from sampling conducted on the Island
of Jeju, Korea during ACE Asia. Atmospheric En-
vironment, 38(14), 2111-2123.

Tu, J., H. Wang, Z. Zhang, X. Jin, and W. Li (2005) Trends in
chemical composition of precipitation in Nanjing,
China, during 1992 ~2003, Atmospheric Research,
73(3-4), 283-298.

Vong R.J., I.T. Sigmon, and S.F. Mueller (1991) Cloud water
deposition to Appalachian forests, Environment
Science and Technology, 25, 1014-1021.

Weathers K.C., G.M. Lovett, and G.E. Lichens (1995) Cloud
deposition to a spruce forest edge, Atmospheric
Environment, 29, 665-672.

Zimmermann, L. and F. Zimmermann (2002) Fog diposition
to Norway Spruce stands at high—elevation sites in
the Eastern Erzgebirge, J. Hydrology, 256, 166-175.

J. KOSAE Vol. 21, No. 3(2005)



