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Atmospheric Acidic Deposition: State of Acid Rain in Korea and the World

Kim, Joon-Ho
Seoul National University and Academy of Sciences, Korea

ABSTRACT: Nitrogen dioxide concentration was being grown ca. 8% per year although sulphur dioxide con-
centration was being reduced ca. 10% per year in Seoul from 1996 to 2003. The rainwater was heavily acidic
with pH 4.19 to 4.68 in Seoul during 1980 to 1991. Acidity score on the basis of the total anion concentration
of rainwater follows the higher in sequence with Seoul(Kwanaksan)(341.5 pequiv - L'1), Gwangneung(199.2 1
equiv -L'1) and whole Korea mean(101.3 equiv - L™). Rainwaters from 38 sampling sites of 16 countries in the
world, on the basis of the acidity score, are classified and designated as five acid rain grades(ARG): the least
score is founded in Tana Rata(16.2 Lequiv * L'1), Malaysia where has the best rain but the greatest founded in
Chongquing(541.1 Lequiv - L'1), China where has the worst rain in the world. Even though acidic deposition
decrease with time in the world generally, it is expected to increase in Asia, Africa and Mid-South America.

Key words: Acid rain, Acid rain grade, Acidic deposition
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L34 F3jrEe ﬂ‘ﬂ'ﬂ](HzOz, 03, 02 %)‘:’ﬂ 93l Akt
&o] gojdtk

HSO; + [0] — SO + H' [0]& 2HsAl
SO + [0] — S04 [0]& 2814

99 50,9 PE

Rgites

S e L R RN

SO0, + O — SO;5

olgA AAHE S0; 7] Fo F57I9F WSt it
(H2804) #AF A3 €Tt
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Fig. 1. Annual trends of sulphur dioxide(SO,) concentration in Seoul
from 1996 to 2003. After Environmental Statistics Yearbook
2004.

Fig. 2. Yearly trends of sulphur dioxide(SO,) emission in Asia and
China. Dotted line is the interpolation by RAINS-ASIA model.
After Streets et al. 2001.
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Fig. 3. Yearly trends of NOx emissions in Asia and China. Dotted line
is the interpolation by RAINS-ASIA model . After Streets et al.
2001.

o} 29 fE2 5] ti7)F S0, FEE 1960 TRk
TH| 2 7FA8F T Vermeulen 1978, Hedin et al. 1987).
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HIE £ NO, NO,, NOs, N,Os ©]9]¢ll NyO, N,03, NoOy &

9] NO7} mEe7 ¥8t=]o] lthDervent and Nodop 1986).
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HHog Lﬂ; S Hong et al. 2002). 1994~1998'A A}o]e] A
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Fig. 4. Yearly trends of nitrogen dioxide(NO,) concentration in Seoul
from 1996 to 2003. After Environmental Statistics Yearbook,
2004.

NO,, NO;)E 58%0°]aL NH,(NH,', NH3)= 41%Z A3}

Environmental Statistics Yearbook(2004)9] A}&5ol w=™ A2
Al th7159] o2 ANO,) FEE 1996'32] 33 ppmoll A 2003
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© 7d%o|AkFig. 4).

18] 31 Streets 5(2001)°] 7+ F=2] NOx HlE -2 1990
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able 1. Estimates of nationa ) an x emissions(Gg « yr ) for , , an In Asia. After Streets er al.
Table 1. Esti f national SO, and NO issions(G ) for 1990, 1995, and 1997 in Asia. After S 1. 2001

SO, NOx
Country
1990 1995 1997 1990 1995 1997

Bangladesh 99.7 139.4 144.7 102.7 139.8 144.7
Bhutan 14 1.6 1.7 2.0 24 26
Brunei 6.1 9.1 8.8 16.5 237 23.6
Cambodia 23.0 25.7 26.0 31.8 358 36.2
China 22,2253 25,697.7 24,970.5 7,633.3 10,919.9 12,230.2
Hong Kong, China 152.4 154.6 140.0 216.8 272.1 307.0
India 4,437.2 5,609.5 6,276.6 32355 4,500.4 4,924 4
Indonesia 561.8 683.6 990.5 794.0 1,117.7 1,310.0
Japan 833.1 782.9 749.8 2817.6 3,202.0 3,270.2
Korea, D.P.R. 3533 256.6 251.5 502.7 349.4 3355
Korea, Rep 1,706.4 1,219.0 1,280.3 929.9 1,631.3 1,820.7
Laos, P.D.R. 34 4.6 5.6 4.2 6.4 8.2
Malaysia 255.8 266.8 3123 310.2 450.1 544.6
Mongolia 80.9 74.6 82.1 389 33.6 36.8
Myanmar 19.2 20.8 21.3 45.6 55.4 71.3
Nepal 16.8 35.8 332 25.9 375 374
Pakistan 684.9 908.2 1,011.4 3442 466.0 501.3
Philippines 411.8 475.6 660.2 228.9 298.6 268.9
Singapore 190.8 2303 208.4 112.6 144.5 138.6
Sri Lanka 26.0 38.0 61.4 47.2 04.3 69.5
Taiwan 504.6 454.1 348.1 530.8 780.7 882.7
Thailand 964.2 1,249.4 1,322.4 545.7 909.5 1,020.0
Vietnam 113.0 133.0 273.0 133.7 187.0 517.1

Total Asia 33,670.9 38,471.0 39,179.5 18,650.4 25,627.8 28,501.4
G40 FRAE pH 1001 ARlo] Aol wieh tislEe]  mad Fuck k) 9714 Jolo] ol Sof girk

SHISHRA(CO)SH W ste] S0l )% A ph
569 B3 o]Fo] ok A4S Wk

CO; + H,0 = H,CO;
H,CO; == HCO;5 + H

(5) oﬂy]/d oko]-&

HIE ZolE JEFO&Na'), ZFo| K", nhaul4ole
(Mg") % ZHrol(Ca)o] 50 ghe] gole-d SN o]
23t 7148 Fol(basic cation) HFgell EHl FHolup HA] &
= 229 AZAY oA GoleE 3ake] ARolth ©](2002)0]

6) Yol
UﬁOlﬁ(Nm )& @714 dolo] opdHE 4

FoA oS F3leitt F7%5A9
HEH/\I §1rX]'N Eo]:. T oﬂ}\-] H%
OHNH = th71eF Al A dRrE 28-S gk

NH; = &3 ¥-8-3fe] U oH(NH,OH)7} =it thA] 3ji2]
ato] QFRFOl(NH, )T G4kl &(0H) o] A o] Lol
S3leith

—_

FAsHHE

l

NH; + H,0 = NH,OH = NH," + OH
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= ned NHy" + H' + 80" — 2H" + 804"
s { T plant uptake
E AN
; It (ifi) NHy = éﬁ}&%g 8har & ofmf A4¥ NOy= A&l
bt [ 38 FrHERE B 2508 stk

- t‘” NH," + H + 80,7 — NOy + 3H' + SO,” — 2H" + SO/

. . nitrification plant uptake
[ (] I -] H

Disdiscs From Oonan [kl
Fig. 5. Relationship between concentration of chlorine(CI") in 31 wa-
tershed streams and the distance of the watershed from ocean.
Line indicates statistically significant log-log regression. After
Hedin et al. 1995.

7] ol A NH;= HNOsY HyS04 5 F3l8lE = ojofeE:
& 9 HEY TS AT dF 59, HS049 NH;
g e 7] FoME GEFOISNH), FaolH) 2
ko] 250,19 &8 7k27F A7t Galloway 1995).

ul
=

2H' + SO + NH; — NHs + H' + S0~

e S Al %
old 7FsAdol Atk

(i) NH, "= EEANA proton(H) T} X8l g EFS A
=y

J8HeE NHy 9} H'= th9) W8] o

th7] FolAE 2H + 80,79 E3HEo] AAEEH o|Ao] %
kb Egoll A NH + H' + sof o] WA 2o BYE ZH=

£

QoA 7143k W} o] th7] FIA Ny 214
g3fe] ololdE JuEAS YT

7o) i

ONH; + SO, + H,0 + (0]
NH; + HCl = (NH4)Cl

- (NH4)st4

715780l A viEE NH; 255 A4 SR H((NH,).S04
< wo| B3 ZF_LH{Pmus nigra var. maritima)= K gt Mg 7 <
Bol Alekstr] wjell 7] Yol dojuba] 25 Sk (Roelofs
et al. 1985).

o] HlE AnlE A T WA, & R 5 AR nlke] ¢
2 ZAZ FA3 o] w247} 23.043, 12.200,
5357. 1.676 2 0.248 kgNH; - 71= w}g]”! - yr'o]1, 1988139
1.43x10° ton « yr' ol 4] 19983] 1.81x10° ton - yr' 2 11'd F<F

NH;" + H' + SO, — 2H" + SO4” o 21%2] =7} =

H™ exchange
al. 1995). 0o A
(ii) 2129l F<% NH, = proton(H') 2 F-2J3128 EUS 2H4]

Table 2. Annual average pH values of rainwater at Kwanaksan (Seoul) from March 1980 to July 1991

A% A 3(Lee and Park 2002), LE-2] vjZ
20 2.0x10° ton - yr' 2 FFo] wjZea)} W]
Aw=g vkl 2ol NO, 9k 37 NH,(NH;,
NH,)¢] Hi&o] A5 F7ksted &A17F =1 Qlek

SISt Murano et

Year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
n* 35 20 32 9 31 34 36 53 60 86 76 43
pH 4.35 448 431 4.37 4.68 4.64 4.26 4.40 432 4.19 442 436
* Number of sample.
Table 3. Monthly average pH values of rainwater at Kwanaksan (Seoul) from March 1988 to July 1991
Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
n* 18 17 28 16 28 20 28 33 14 5 16 7
pH 4.19 4.00 4.25 4.82 434 4.55 4.54 4.40 4.44 433 423 4.49

* Number of sample.
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12 Fotol] HlE2] AHt pH 3 pH 4.19~4.68 HAZ W
3}ATKTable 2). AT pH 752 1989139 pH 4.197}F 714 LEgk
31985139 pH 4.68°] 718 =9kt 1983, 19871 2 1990
2 pH 4.19~431 2 W& Ho|11, 19863 pH 4.64 5 & Hol
A

ShA 19881 3€~1991d 7€ Afe]e] 4071E F<L BlES] €
Bt pH Z5S 290] pH 40002 714 Y1 490] pH 4.822 7}
ZF =9k Table 3). Aol W& HIE-2] pH Fk Wdle AS(1-2
)] Wil B(4~59)0] Fom AubEl A5(7~9¥)o] =L 7}
S(119)5H Holxle Atk

1249 7Fe] HIE pH k) HIE RIS B 49]3)¢] HIE Fo
A A2t BlE(pH 5.6) 2T} W& HIEo] 4463)(91%)°]aL, pH
4.40~4.69 W7} 1233)(25%) 2 =M, pH 5.6 0] 453]
(9%) S THFig. 6). 3=2] 97 A Aol A 1996~19981 Alolel] =
A3 HI1E2] pH W& 3.4~8.00]031(°] 1999, Lee et al. 2000),
FHoNA 243 BB pH W% E¥ % H]S23 pH HYS B
ATHKim et al. 2001). BIE, & 52 & 2 A} HIEQ] St pH
e 27} 428, 5.00 E 62302 ERITKTable 4). Eoll 7%

2% HlEt] Im =0]
J5ted 1980 3-8~1991

i3

Vil = )
A -1 G

ey [5%]
E

AT LIRSS AR LR ATA TR NARARERTE

pH

LrdELE] A4

Fig. 6. Frequency distribution of pH values of rainwater at Kwanaksan
(Seoul) for 12 years from March 1980 to July 1991.

Table 4. Average pH value of rainwater, snow water and rain with
yellow sandstorm at Kwanaksan from 1985 to 1989

Precipitation type No. of sample pH
Rain 211 4.28
Snow 24 5.00
Yellow sandstorm 4 6.23

HN
x lo fo ot

)

=AY e E3) 2] A28 A A3 5

FAE o] W 1) pH 6.0 oJFOR AR A F
o) AEATAN Folo B loess WA WhEolekar o)

tho] 2002).

deposition amount)S FUEIHFTE A=) 2 o] L9 Ay
T $39] 715 B (annual volume weighted average concentration)
B ol2el @aol(Cl), Aol (NOy) E 4ol (S0,Y)
o] Zt7}+ 43.6, 21.7 2 36.0 bequiv - L' & F20]L FEE 1013
bequiv - L0, %Fo]L91 A0l &H), EFOI2(Na'), 2
FOl(K), vkulgrol Mg, 2ol (Ca™) 2 PEgole
(NH;)°] 242} 103, 32.3 10.6, 10.1, 26.0 2 34.7 pequiv - L' 2
Zgole FEE 1240 lequiv - L'OITKFig. N(E 5
1999~2003). 12]aL o] 717ke] BlIES] pH Fh 4.7~5.10]31Th

ool Bl3led F5-o] HIES] Lol& FEE CI, NOy 2 S04~
o] 77} 43.6, 21.7, 36.0 bequiv - L' 2 Z80]& ¥EE 1992 1
equiv - L'o] 1L, 9ko] 291 Na', K, Mg™, Ca®" % NH,” 55&
Z¥z} 235, 1.0, 20.6 16.5 2 322 bequiv - L' 24 F%o]2 5
£ 93.8 bequiv - L' o] 2THYou 1994)(Fig. 7). TeHaH(A12)¢) Hl
E9] CI, NO; 2 S0,” 5+ 242t 63.2, 8.7 2 269.6 bequiv -
L'o]a, 0]5S &3 F20]L FEE 341.5 lequiv - L' o]L.
™, H', Na', K, Mg™, Ca™ 2 NH," 555 27} 19.8, 69.2, 36.1,
158.0, 221.1 2 83.7 equiv - L' 2A] o]5& ¢35 Yol 25w
£ 587.9 equiv - L' o]ATHKim 1994)(Fig. 7). L)L 1996~
19981 Atolel] sh=e] 97 FSAo)A] SASH AHF NOy<f
HB|9A SO, FEE 247 1937 43.0 bequiv - L' 0] ATHLee
et al. 2000).

FTE0l2 TEE V|0 S W,
ShA ZHE 1.0 1 2.0 : 340]3, FYO)L T
1 470198k 53] Fatol S0, FEE
oFxke] HIE-0] 1.00 : 4.68 : 7.490] AT AAFO] &(NOy )L 1.00

< Tl —=
T = —

3 COPCORITBon [k egqui L

Fig. 7. Comparisons of concentrations of major ions(tequiv * L") of
rainwater among all Korea mean, Gwangneung and Mt.
Kwanaksan. After Han ef al. 1999~2003, You 1994 and Kim
1994.
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1053 : 0400130tk & M&e) th7] $9] S0,” FEE wow vl
sle] B53 Beatke] NOy TR With =2 HefitA
NO; S/} 5he 7h5te o] 49| S22} 100~200m o]
A 7 =3 1 fjofelel] 2 ulsiAle o= AuE
THChiwa et al. 2003).

FolE FAM YEFOI2Na) TEE &= B, 35 9
Tebato] 100 : 0.73 : 2.14, ZHFOI (K )2 1.00 : 0.09 : 341, v}
TUIgFO] Mg ) 1.00 : 2.04 : 15.64, Z0l{Ca’) 1.00 :
0.63 : 8.50, UEFO]-&NH, )L 1.00 : 0.93 : 2.410]c} 3= 3
T HIEo] Hlgte] 2] HIES Mg FES Aelelar 1 qe
ool FL7} vre HolA|wk Fepate] A theks] Egkth

& 5(1999~2003)°] 1999~2003'd Atolo]l 317) BEAoX 5
A3 Faro] HIE o] FollA Fato]2(S0,Y), FAtel&(NOy)
2 RFO|NH,) 2] T AAT B5}8-S Table 5 F3s}
Aok w9 W g AT Faol (S0, 2.998 g - m”® -
yr' 2 A9 1A} A3l HLAA 2zt 16277 4284 g -
m” - yr' o] M2 ¥, Aol 2(N0y)S B 2.022 g
cm? oy 2 HAQ Fojek Hul Aol 27k 09999}
3388 g om” - yr MYE EIEEPOH, HEFO](NH,-N)
& HF 0904 g-m? -y 2 HA AT 1l MLl
247y 03713 1674 g -m” - yr' W2 EESGCH

S0,%, NOy % NHy' 9] 3= W) FZHEELE Fig. 8ol B3I
t} o]& o] wxo| I BAE 7} o]29] mjEdS AHs)
£l $23}t} Fig. 8914 84te] (80,9 ¥ & 7UAY
I} SAREAR o] =1 Maio e FEeh SRR o]

-1“-\..-_ g
e 8

V)

Fig. 8. Spatial distribution of annual wet deposition of sulphate ion,
nitrate ion and ammonium ion at 31 sampling sites of Korea
during 1999 to 2003. After Han et al. 1999-2003.
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AFeA o 9
AR o] a1, Stk dEE
O]%(NH[)Q TR
st} d5A o] Vokth. Leeo} Park(2002)0] L3 & = 1)
FEUOHNH;) 7h2=9] FZHEES} Fig. 89) FRFOl-&(NH,)
o] FIHEEE HIwEHH YA= R 719F FAkAHol ot
A ABIAAIRE A SEA (AN E T T =&
b W] $A= #A] FH5o2H YX|eHA] Fokth

Fig. 9% 1985~2003'd ApoJol] gh=re] of&] AFAKSon and
Yang 1985, Shin et al. 1986, Park et al. 1988, Park et al. 1989, Lee
et al. 1990, Kang 1997, Kang et al. 1997, Lee 1999, Lee et al.
2001, Han et al. 2003)° 2Jsle] A7= =r W AHgu]e]
NO;-N/SO4-S HI9] A% ®Wisleoth o] HlE Al7te] Ad4E 3
A =olAIaL )] 1985~20031d ARe]e] 191 Ftell A 2.7%X
FolA= oItk Wb 2H3H1S] NOs-N/SO4S HI9] AJ7h
Aol e A% AR 1 ATEAJ] 80, T T A
S ksl QItkFig. 1 3%).

rr fol
=
12
X
o
offl
N
12
L ;

3. AAe) Abgulet 1

A 16707 3870 S8 A el BlEe] ol FEE 54
& ABE Fig. 109] SRR o] ABE FHaP) At o]
9] 274 Dl(equiv - L')E FYSL, & opxlo} wv}e]
A8E 7147 @ol o sl

HIE e 7|58 pH W0l T pHE Ak 29 ¢
201 2(CP), 2Tl NOy) B BH4te](30,7)% 22 Fol&
BEo|th S0l FEI 07 pH @to] WolA 1 ol e
S7h 208 pH gho] otk Z1iH] pH B9)E 7o) 28
2 o) TS mAEA TRATIZE ol Wt ol

Fig. 9. Yearly trends of ratio of atmospheric NO;-N/SO,"-S in Seoul
from 1985 to 2003. This figure is reconstructed with data from
Son and Yang 1985, Shin et al. 1986, Park et al. 1988, Park
et al. 1989, Lee et al. 1990, Kang 1997, Kang et al. 1997, Lee
1999, Lee et al. 2001, Han et al. 2003.



176 2

Table 5. Annual wet depositions of sulphate ion(SO."), nitrate ion
(NO5) and ammonium ion(NH4") at 31 sampling sites of
Korea during 1999 to 2003. Data after Han et al. 1999, 2000,
2001, 2002, 2003.

Sampling Site S_?f. 1 N?3 1 I\_IZH4 1
(g-m” -yr") [(g- m" - yr) | (g-m” -yr)
Seoul 4284 3.388 1.674
Eujeongbu” 2.455 1.888 1.081
Inchon” 4416 2741 1.539
Ganghwa 3.721 2,615 1.012
Ansan 3.781 2.488 1.164
Pocheon” 2.725 1.999 1058
Icheon” 2.384 1713 1249
Chuncheon” 2,607 1380 0.668
Gangreung 1.814 1.069 0.559
Wonju 2.449 1.731 0.872
Goseong” 1.627 1.056 0371
Yanggu” 1.719 1415 0.749
Jecheon 2.595 1.828 0.700
Goisan” 3.320 2.621 1.092
Daejeon 2972 2320 0.984
Taean 3.379 2.318 0.851
Daegu 3.185 2264 0.949
Gyeongju 3.969 2.101 0.952
Andong 2.121 1.656 0.603
Gimcheon 2743 1912 0.894
Gumi” 2224 0.999 0.649
Yeongdeok” 2343 1.532 0.728
Busan 3.667 2.515 1.110
Changwon 3.576 2.135 0.864
Geoje 3.754 2.163 0.865
Tksan" 3.220 2.681 1.002
Imsil 2354 1.935 1116
Gwangju 3218 2.196 1.189
Gwangyang 4.602 2.525 0.857
Mokpo 3.007 1.987 0.908
Jeju 2714 1.520 0.722
Mean 2.998 2022 0.904

1): data for 2000~2002.
2): data for 2000~2001.
3): data for 2001~2003.
4): data for 2002~2003.
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Fig. 10. Concentrations of major anion and cation of precipitation at
various sampling sites in the world. The rainwaters are
arranged on basis of anion concentration on which the least
anion is uppermost and the largest one lowermost. References
sited in this figure are shown in Table 6.
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Table 6. Acid rain grade on the basis of sum of anion concentration
of rainwater

Acid rain grade(ARG)  Sum of anion concentration (Lequiv L'l)

I 1~100
II 101~200
U 2001~300
v 3001~400
\% 401<

o 4% AHHIE AT 87 AlE FgoaEn BES
N3 F7ECl dE £, A%, WEEHEA, WEGS A
Aol &=35)at, u]=+2] California, Adirondak % Hubbard Brook, 7}
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ARG TIellE 3= HiK&o122] &, 101.3 pequiv - L"), oJ&]
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Table 7. The pH values, sums of anion and cation concentrations of precipitation and acid rain grade(ARG) of the world

Name of Site Period No. Site pH > anion 2. cation Reference
ARG 1
Tanah Rata (Malaysia)" 1990~1992 1 5.13 16.2 22.8 Ayers et al. 2002
New South Wale(Australia)” 1992~1994 4 4.82 19.0 35.2 Ayers et al. 1995
Rural area (India)” 5.63 41.6 47.9 Granat et al. 2001
Bhubaneswar (India)” - 44.0 55.2 Granat ef al. 2001
Malaysia (Whole)" 1996 5 430 54.1 85.3 Ayers et al. 2002
California (USA)4> 1972~1973 2 5.10 572 60.6 Leonard & Goldman 1981
Emei Mt. (China)” 1982~1986 1 4.54 58.0 122.0 Xue & Schnoor 1994
Florida (USA)” 1978~1987 1 459 64.9 79.1 Madsen e al. 1992
Whiteface Mt. (USA)” 1986~1989 1 - 66.4 74.0 Miller et al. 1993
Adirondak, N.Y. (USA)” 1986~1988 1 - 711 65.2 Shepard ef al. 1989
Narayangani (Bangladesh)g) 1994~1995 4 6.35 71.5 1117 Hadi et al. 1999
Sogndal (Norway)"” 1984~1987 2 4.80 71.6 82.0 Wright et al. 1988
Sonbhadra(India)'” 1999 1 6.95 80.9 129.5 Agrawal & Singh 2001
Haliburton-Muskoka (Canada)'” 1976~1978 8 - 83.4 166.8 Scheider et al. 1979
Pune (India)” 1992~1994 6.28 84.7 154.2 Pillai et al. 2001
N.E. Vietnam'! 1997~2000 5 5.80 87.8 77.8 Viet et al. 2001
Hubbard Brook, N.Y. (USA)" 1963~1974 1 4.14 97.3 102.9 Borman & Likens 1979.
Singapore'? 1997~1998 1 450 97.6 127.5 Balasubranian et al. 2001
ARG Il
Korea (Whole)'” 2000~2003 31 4.90 101.3 124.0 Han Jin Seuk et al. 2003
Pallanza (Italy)'"® 1984~1986 1 4.40 120.0 129.0 Mosello et al. 1988
Japan (Whole)"” 1989~1993 29 4.80 122.0 117.4 Hara et al. 1995
New England (USA)™ 1978 1 4.06 128.0 129.0 Cronan & Reiner 1983
Tokyo (Japan)™” 1990~1999 9 456 131.2 147.3 Narita et al. 2001
Rural 4 area (Japan)™ 1996~1999 4 - 147.2 158.2 Seto et al. 2001
Guongyang (China)” 1982~1986 1 - 186.0 399.4 Xue & Schnoor 1994
Gwangneung (Korea)™ 1991~1993 1 5.65 199.2 93.8 You Young Han 1994
ARG 1II
Kaiyang (China)” 1982~1986 1 - 206.0 207.0 Xue & Schnoor 1994
Zigong (China)” 1982~1986 1 - 224.0 434.0 Xue & Schnoor 1994
Guangzhou (China)™” 1998~1999 2 439 2413 261.4 Xu et al. 2001
Taipai (Taiwan)> 1991~1995 1 437 269.8 275.7 Lin et al. 1999
Den Helder (Netherlands)™® 1 - 271.0 217 Asman ef al. 1981
ARG IV
Kwanaksan (Korea)™” 1992~1993 1 - 3415 587.9 Kim Gi Dae 1994
Neijang (China)” 1982~1986 1 - 344.0 625.0 Xue & Schnoor 1994
Guiyang (China)” 1982~1986 1 - 379.0 422.0 Xue & Schnoor 1994
Yibin (China)” 1982~1986 1 - 381.0 570.0 Xue & Schnoor 1994
ARG V
Amman (Jordan)™ 1996~1997 2 6.20 4246 578.8 Jaradat et al.1999
Beijing (China)”” 1995~1998 2 6.76 503.8 672.4 Feng et al. 2001
Chongquing(China)™” 1987~1989 1,351 429 541.7 704.1 Zhao et al. 1994
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