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A Study on the Chemical Characteristice of
Acid Rain in Seoul Area

Division of Envrionmental Research

Seog-ju Cho, Sang-yeoul Lee, Seung-chon Lee, Heung-ju Kim, Hak-soo Kim,
Jung-young Kim and Kwang-jin Kim

= Abstracts =

To clarify the characteristics of rainfall in Seoul area in 1897, pH and ions(F~, SO,

NO5 . O, Na', NHy, K, MgZand Ca®) were analyzed.
The results obtained were as follows.

1. The annual average of pH in rainfall was 4.8 and high values(5.3) were shown in
March. June and low value(4.5) was shown in February.

2. The order of seasonal mean value of pH in rainfall was fall. ;.pr'ng‘mummer\wmter

3. The annual averages of F, CI”. NOy, 80,7 Na’, NH,. K. Mg’ and Ca? were 1.362.
3.944. 3.842. 2.919, 1.071, 3.017, 1.299, 1.225, and 2.414mg,«’l. regpectively. The ratios
of SO to NOy were 2.67 in spring, 0.89 in summer, 0.69 in fall and 1.34 in winter.

4. The order of neutralization capacity of cation to anion were \IH;' » CaZ » K' )y Mg> )
Na'.
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Table 1. Location of Sampling Site

Distance from

(Classification of area .
the Kwangwhamoon

Sampling Site

Hannamdong Residential 3. Bkm
Yangjaedong Residential 6. Hkm
Banghakdong Residential 10. Skm
Kurodong Industrial 12.5km
Bangidong Park i 14.Okn
Kuuidong Residential 10, 3km
_Hwagokdong Residential 12, Ok
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ojgke] kg epdth, 2S5 sHEs ¥ Uve¥ AR AT o8 WV9E AsdN A
T 5302 7MERTET o ¢ g2 £AE UEle 222 olrag ’ﬂiﬂ'i}%ﬂ =7t d L"éiﬁ‘ﬁk
o 1 olfe AeE 2 ~ 3mm ofate] 284 WiAle] B} el 2A debstRe] A edEd o 9%
o)gt <ol &l Frbol wel & pHE Jehlle] & E AREY 84S 7‘7“—'%?4 T7hsE 2& pHE UE
BREOE A4 £ G FAY A Hol ¢ o AHY pHe FAXNGY g, fo], WEE
% 7EEE AdeAde 2 98E X U7 WEe] 472 AAHTY pH 4.8EHE ‘5&9}:0"4 FAlEel
2L Jﬁpr 39, 69olE 5308 7P =9 5.002 FFED B2 e By, ole 7zl
on 24 28l 7} 4.5, 4.7, 472 SA G 9 4 A #H e FEate] Aold /‘1 7105 &
12 3 dehy OﬂL’H 7‘5‘@4” the e 2t Table Aoz FAAYY & pHE AFFd o] Bol A%
3¢ 7| odE AN 380 Bt 5ol dgFew W A wiErlad 9G¥ 9 S Ul HARIE 9 A
A7k AFAEE B A ERRe] goles £ & 9% WPole Ardn, A3ABdAE YeEe
el mrle] o & pHE /1Ee¢en 6EE 0@“"7}* d #dE5=7F 0.011ppmo & Hg*] 4
Autd oz A4 7| 9989 43o] Hof ¥2 pHE T 0.008E0 &5ten, hds da4se d 92
Bk E£8 29 ¥ 1299 22 pHe AL ¥ A 0.079pmE A4 HEET EA4 vhebsTh
Table 2. pH data in each sampling site from January to December in 1998
Month | 1 2 3 4 5 6 7 8 9 10 11 12 |5 Sum g Winj,.
B ) ing mer ter |
mean | 5.1 44 51 51 48 53 49 45 46 52 48 5050 47 47 45|47
Han
nam | 08X 70 79 7.0 75 68 69 67 62 68 63 65 50|75 69 68 79|79
min | 3.9 37 47 39 39 42 41 37 41 46 43 5039 37 41 37|37
. mean | 5.3 47 52 50 51 54 52 49 54 49 49 49|51 50 52 47|50
Yang
e | MaX 55 7.0 59 68 64 65 67 56 64 58 63 50|68 67 64 70|70
min | 5.2 4.0 4.6 40 46 44 43 41 46 46 42 47|40 41 42 40]40
Ku {mean| 6.9 5.0 54 48 46 54 51 46 47 54 54 48|48 48 48 50|43
o | max 7.5 77 6.9 69 65 66 67 55 65 70 67 54(69 67 7.0 177|777
min | 6.4 46 49 39 38 43 40 36 40 49 46 48|38 36 40 46 36
Bang | 1640 51 45 54 52 49 51 45 47 49 47 51 46 |51 47 49 45 47
;| max 6.9 6.3 64 7.2 65 62 62 53 59 59 66 51 72 62 66 69 T2
min | 4.8 3.8 49 43 36 40 40 38 43 41 45 44 36 38 41 38|36
Bang | ¢80 46 44 48 48 49 52 48 45 49 50 46 4348 47 49 44|47
hak | X 49 72 57 81 68 66 67 57 66 63 57 43|81 67 66 72|81
min | 45 3.9 44 42 40 43 38 34 41 45 41 43|40 34 41 39|34
Ky | mean 48 47 53 51 48 48 51 47 47|47 49 48 47|48
g | max 78 69 70 68 59 70 62 69 65|78 70 70 65|78
min 44 3.6 42 43 38 41 46 41 42136 38 41 42|36
Hywa | Tean 46 46 55 52 48 47 49 50 46 50 4.8 49
aok | ™ax 75 6.7 69 67 65 76 66 6.0 75 6.9 1.6 7.6
min 41 35 46 40 39 42 42 42 3.5 39 4.2 345
|mean | 5.1 45 53 49 48 53 49 47 48 50 49 47|49 48 49 46 48
Ave | max | 7.5 79 7.0 81 9 70 68 65 76 7.0 69 65|81 7.0 76 79|81
min | 3.9 3.7 44 39 35 40 38 34 40 41 41 42|35 34 40 37|34
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Table 3. The air p()llutlon level of Seoul in 1998

M SOg Dust NO, NOx CO THC Preci
Mot ) e ) (ppm) (ppm) (ppm) (ppm) i
1 | ).010 50 0.032 0.078 0.9 2.45 7.0
2 | 0.010 56 0.039 0.088 1.0 2.45 28.8
3 0.010 94 0.041 0.075 1.1 2:29 37.2
4 | 0.009 86 0.040 0.071 1.0 2.37 97.7
5 | 0.008 78 0.039 0.060 0.7 2.32 7.1
6 | 0.007 55 0.031 0.047 0.7 2.29 234.7
7 | 0.005 39 0.022 0.035 0.6 2.16 236.1
8 0.005 54 0.027 0.043 0.8 2.31 734.2
9 L 0.005 it 0.034 0.056 0.9 2.47 131.3
10 ' 0.005 58 0.033 0.070 1.0 2.40 23.3
11 0.008 69 0.039 0.092 1.1 2.35 24.6
12 0.011 94 0.045 0.124 1.5 2.49 1.6
R ST ST R —_—
; o : 1653.6
Average | 0.008 69 0.035 0.069 0.9 2.36 (Total)
+ Precipitation data were recorded in Hannam-dong
ﬂé%thA%.ﬂiﬂ49§fv1§%£ﬁ<ﬂ% ohthh 23E AT Fol T EoblE g B
4.8 A% 4622 Jehgon 97de 7k)dB)w) A oHd @4& 2= rain out iﬂr%f wash
AL o 735&% Bhon FHels FAEEoE out A A8 #F T LY B EY &
Ng 2 pHE uepden, ddEc ool vAl o] di71F DustE AARBAM 2552 wdAd e
LEP'18‘§P41Wﬂ2%kiﬁiaﬁ%%i€% g ool 2e] 27kl Fleled pHZb ¥T., &7
oy AN ASAE7E ¥44% pHrb Bebdlcks A rain outel 98} &ol&e 2] pH S Hel
APANZ ANT £ Ag Aotk TP ALS ¢ o o B £ 29 A ol AR
wel 37h 502 Table 3904 Ueht®el H4S & ECY Waeln BG%o] 2ol 23 golo] Adg
MEAQ olAhAs AaNHEC] & Aol el pH5.68% AL AL ¢ rk
w7 ek e pHE BT o
Fig. 1& T0mm ol4e] 2147484 Akl g w2 HEE pH S8=
g=le pHeF ECY Zg= vebd Zleolth pHY 7 Axe Al pH 28&L Fig.2% 229 ¢
$ 294 %€ pHE el 4971 44852 % 424 A A9 pH 5.6 hhl”“%ﬂuklﬁ

Fig. 1.

The variation of pH value by hour
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Table 4. Monthly and seasonal average of ionic concentrations of rainfall in Seoul

Na’
3.549
0.692
0.608
0.970
2.089
2.177
1.722
0.373
0.100
0.110
(0.144
0.314

1.222

1.424
0.118

1.518 4.25

Month | F cr NO; SO
1 | 3.354 2593 5283  2.108
2 4.090 2452 5306  2.189
3 2,099 2509 5415 2,672
4 2.967  9.299 5218 2.081
5 | 2128 2206 4940  1.068
6 | 0179 1042 0.754 0841
7 0.304 2,205 1.224  0.571
§ | 0.265 2421 1.845 2,893
9 ).227  3.226 2449 4.056
10 0179  3.147 1,833  2.644
11 0.211  8.948 2.754  3.560
12 340 7.281 9.081  10.345

Spring 2,398  4.671 5.191 1.940

Summer | 0250 1.889 1.274  1.435
Fall | 0.206 5.107 2.345  3.420

~ Winter L2595 4109 6.557  4.830

Ave | 1.362 3944  3.842 2919

1.071

Fig. 3. pH value of precipitation in major cities

< 999 Vg Aoz AlgEd ( 718 AE
98 g 1% 2349. 1mm. ¥4t 2028.8mm
= 1381.8mm 1943 0mm, &4F 1796mm)

4. S0|=0l tHet &

s Sole 804, NOy. O, F 3ol 4%
02 =M AR T HeA] Tt A
A F 634709 A RE EAge] Table 49 U
ERa o] & AR 7 o] 29 ¥ FdEFolE Fig.4ol
LERATE, Holl YJER wisl o] o d HAA e

tunit mg/1)

NHy4 K Mgz' az' ation

4.057 1.877 0.284  1.89 1],663

3.461 0.564 0.258  2.004 ]4.036 6.680

4456 1804 2832 1.061 | 12.695 10.761

1,410 1.327 1.695 2,841 | 19.566 8.242

1.740  1.403 2,405  1.490 | 10.341 9.126

2,129 1.834 2.471 1.571 | 2.815 10.181

3154 1162 2271 2.369 ‘ 4.304  10.678

3.043  0.263 1.177 2.079 7.424  6.935

3.086 0.351 0.251 3,258 ‘ 9.957  7.046

1.942  0.261 0.161 2,130 ‘ 7.802  4.603

2.494 0.802 0.339 3342 | 15474 7.120

5235 3.943 0.551  4.929 | 27.047 14,972

2,535 1.511 2311 1.797 | 14.201 9.376

2,775 1.086 1.973 2006 | 4.848  9.265

2507 0471 0.250 2910 | 11.077  6.230

4.251 2128 0.365 2942 | 18.141 11.205

3.017 1299 1.225 2414 | 12.067 9.026
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Fig. 4. Monthly variation of four anion concentration in rainfall
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Fig. 6. Monthly variation of five cation concentration in rainfall
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Table 5.Removal rates of components estimated by early precipitation

F cr NO; S0& Na' NH.' K Mg Ca®
[GIE 1.169 5.736 6.419 8.075 7.936 7.374 5.393 9.193  10.015
(cur 1.451 8.465 8.180 11.386 9.309 9.037 6.264 12.912  14.524
r(%) 80.5 67.8 78.5 71.0 85.2 81.6 86.1 1.1 69.0
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Fig. 11. The regression equation between SO,
amount and pH
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Fig. 12, The regression equation between NO:
amount and pH
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pH =-0.0160 x SO.(ppb)+5.4660(P<0.05)
H=-0.0065 x NO,(ppb)+5.5783(P<0.05)
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