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Effects of Air Pollution on Precipitation and Living Organisms in
Seoul Area

1. Acidification of Precipitation

Chang, Nam-Kee, Yun-Sang Lee and Eun-Yong Shin
Dept. of Biology, College of Education, Seoul National Univ.

ABSTRACT

From July 1, 1985 to June 30, 1986, pH values of precipitation in Seoul area were average 5.1
and acid rain which was lower than pH 5.5 showed a frequence of 70.7%. Seasonal changes appeared
in pH values of annual precipitation in Seoul. The pH patterns of spring and autumn were generally
less acid than that of summer and winter, and snowfall pH was lower than rainfall.

The beginning rainfall in Seoul was neutral because of alkali dust in the atmosphere. As times
went on, rainfall pH was gradually low and after 1 to 2 hours, showed a steady state. On the surface

soil, precipitation was neutralized by soil buffering capacity.
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Fig. 1. Location of sampling sites in Seoul area.
1.

Hyoje-dong

2. Kwonnong-dong
3. Kyonji-dong

4. Ch’angshin-dong
5. Thwa-dong

6.
7
8
9

Chunghak-dong

. Nagwon-dong
. Anguk-dong
. Yongdu-dong
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.

Shinsol-dong
Ch’dngnyang 1 dong
Hwigydng-dong
Mang-u-dong
Changan-dong
Kirtim-dong
Samsén-dong
Tonam-dong
Tongsomun-dong
Choéngning-dong
Songbuk-dong
Hawolgok-dong
Anam-dong
Changwi-dong

Tobong-Gu

Nowon-Gu

Chung-Gu

Mapo-Gu

Sédaemun-Gu

Unpyong-Gu

Kangsd-Gu

Yongduingpo
-Gu

133

. Mia-dong

. Suyu-dong

. Sanggye-dong

. Ssangmun-dong

. Shindang-dong

. Pil-dong

. Ulchiro

. Hwanghak-dong

. S¢ngsu-dong

. Changch’ung-dong
. Ahyon-dong

. Sangsu-dong

. Gongdok-dong

. Ydmri-dong

38.
. Taehyon-dong

. Namgajwa-dong

Chungjongno

. Chingwanoe-dong
. Shinjéng-dong

. Yangpydng-dong
. Dorim-dong

. Shingil-dong



134 Korean J. Ecol. Vol 13. No. 2

Guro-Gu 46. Guro-dong Kyongki-Do 57. Kuri-shi

47. Toksan-dong 58. Koyang-gun,
Kwanak-Gu 48. Pongch’dn-dong Ilsan-ri
Tongjak-Gu 49. Noryangjin-dong 59. Uijongbu-shi

50. Sadang-dong 60. Anyang-shi
Kangnam-Gu 51. Samson-dong 61. Kwangmydong-shi
Sacho-Gu 52. Sdcho-dong 62. Puch’dn-shi
Kangdong-Gu 53. Samjdén-dong 63. Séngnam-shi

54. Tunch’on-dong
55. Chamsil-dong
56. Kodosk-dong

pHel &4
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A AzAZ 7 g AR F5ARe] pHE AT 23 FAAAHAM HEH AR
AFH Fde] REMGEFE debd Ao, AzAAde] JF pHE 5.101%8 12 2444
Azt A7 pHY W3lE 4.5-5.59% =& A A5AR9 pHe BAE 3.6019 2 &
B 7.1004 7k o] A= &b % (1983) 0] ZAME pH 2.9-7.40) A9 —%Kste AF
< vebdd, 99 pHe #Wd HEHEE pH 3.5-4.97F 4.6%, pH 4.0-4.47}
12.9%, pH 4.5-4.97% 22.6%, pH 5.0-5.47} 30.6%, pH 5.5°]4¢] 29.3%=, pH
5.57 k8] AbAHlE 70.7% A, 18U AAFY A$E pH 6.1-6.622 d4F ALAH|
7 vigR dE AL Jepgth o] Axe K %F(1983)0] 19829 5¥HE 9¥A 97
M ARxF 63%e slFste 6171 A&7 pH 5.6 o3ty BM: B 34 deilz <l
oA KEFRMoE B 5 qlotn 2ug Az wimshd o Bk Bma Ao
2 B F vk Jeff ef al (1980) o o5t wj=eo] 799 pHE A el & zo]s}
vt 1 HYE 4.0-6.29029 F5% Ade] pH 4.0-4.4%3 %71 pH 5.6-6.22
ARl TR Add AAduzt Uele A2 ByE et Norton and Hess(1980) ] <
s 24019 %+ pH 4.3-4.7°1ztx B3E wl gk, aiE2 $-2ueld uE
T vle A ofF APFFL ofdrt vy S AHAH o FHFsol Ak A
Ztgi o},
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Table 1. Data from precipitation and network sites showing mean values for pH of precipitations (rainfalls
and snowfalls) in Seoul area during 1985 to 1986.

No. 1985 1986 Annual
of Jul. Jul. Aug. Sep. Oct. Nov. Dec. Feb. Feb. Mar. Apr. May Jun. Range mean
sites 10 17 31 17 12 22 13 13 18 18 26 13 15 pH
1 51 57 53 4.8 — 38 54 51 40 43 39 4.0 45 3857 4.7
2 53 55 57 46 50 41 57 53 — — 42 50 52 4157 5.1
3 - — 61 47 43 52 50 54 49 44 41 54 46 4161 4.9
4 56 — 58 50 39 4.0 — 52 45 43 42 53 51 3958 48
5 53 56 6.2 49 — — 52 46 — - 41 - — 4.1-62 5.1
6 — 55 - — 49 37 50 41 45 41 - 46 45 3.755 4.6
7 50 58 — 49 — 3.9 — — 4.6 44 42 49 44 3958 4.7
8 58 55 54 52 48 38 55 47 45 43 4.7 51 4.7 4358 49
9 51 — 58 50 — 42 59 50 — 42 — 55 51 4259 5.1
10 59 56 — — - 3.9 - 71 4.7 — - — 50 3971 54
11 - — — 49 41 — 51 46 52 40 46 53 52 4.0-53 4.8
12 — 52 55 55 39 36 60 53 49 47 50 — — 3660 5.0
13 58 6.2 6.0 57 — 45 58 — 58 — 49 50 53 4562 55
14 51 54 56 53 3.8 - 50 47 — 37 45 44 52 3756 438
15 — 58 52 50 40 — 52 53 48 — — 4.1 48 4.058 49
16 50 — 6.0 55 — — 55 4.7 — — 47 49 56 4.76.0 5.2
17 — — 57 50 47 4.5 — 51 45 40 48 45 59 4.0-59 49
18 6.2 6.0 59 4.9 — — —_ — — 46 49 — 58 4962 55
19 54 5.7 58 5.1 - 39 56 45 61 — 46 53 44 3961 51
20 — 56 — b5 - 47 6.1 64 63 45 49 48 4.7 4563 53
21 6.1 55 60 53 42 — — 46 55 38 42 52 — 3961 5.0
22 54 53 52 51 47 4.2 50 56 41 — — — 4156 50
23 — 56 57 — — — 53 52 60 46 — 45 — 4660 5.3
24 55 61 53 — 43 51 57 52 63 48 49 53 58 4361 54
25 6.2 60 6.1 54 49 39 64 44 50 44 37 55 — 3764 52
26 — 58 — 53 — 43 65 — 56 — 38 — 46 3865 5.1
27 56 57 52 — 41 4.0 57 53 45 46 51 54 4.7 4.0-57 5.0
28 59 53 55 5.2 — 41 59 56 45 — 44 52 — 4159 5.2
29 57 54 58 b1 — 43 53 54 — 49 46 — 54 4358 52
30 51 — 50 50 48 43 58 50 — 37 42 52 4.6 3758 4.8
31 54 55 — 58 52 42 62 51 — 41 39 40 6.0 3962 5.0
32 53 — 50 55 — 41 57 59 48 39 4.1 52 48 3.959 4.9
33 53 5.7 6.0 52 47 4.0 53 52 48 50 45 6.0 — 4.060 5.1
34 - — 51 - 5.5 - 5.3 — 57 45 48 58 4.6 4657 5.2
35 56 6.0 — — 53 47 6.2 6.1 60 39 49 54 58 3960 54
36 6.2 57 55 52 45 — 51 50 54 40 45 52 — 4062 5.1
37 50 — 54 — — — 5.3 — 46 4.1 42 — 51 4254 48
38 — — — 58 51 45 50 49 45 43 4.1 51 — 4158 438
39 51 54 — 60 — 42 57 52 44 — 41 55 4.5 4160 5.0
40 — — 6.0 58 50 45 — 47 46 40 — 54 51 4.06.0 5.0
41 — 56 — 55 49 42 63 53 51 41 — 57 4.7 4157 5.1
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Table 1. Continued

No. 1985 1986 Annual
of Jul. Jul. Aug. Sep. Oct. Nov. Dec. Feb. Feb. Mar. Apr. May Jun. Range mean
sites 10 17 31 17 12 22 13 13 18 18 26 13 15 pH
42 52 56 — 50 52 47 58 60 51 52 48 51 — 4756 52
43 — 49 49 — 42 39 53 50 44 — 45 46 5.0 3954 47
44 50 47 — 48 — 41 47 55 43 — — 43 — 4154 47
44 53 — — 52 39 — 54 — 50 47 52 48 — 3954 49
46 — 50 49 43 45 39 46 54 47 42 48 52 49 3954 47
47 50 49 57 — — 38 49 55 53 38 42 47 50 3857 4.8
48 54 — — 52 44 — 51 52 44 41 — 55 — 4155 49
49 — 55 53 47 45 4.0 - — 55 37 38 52 51 3855 4.7
50 51 6.1 58 57 53 49 — -~ 57 42 51 50 — 4961 53
51 - — — 54 48 42 55 51 53 — 47 53 53 426.0 5.1
52 58 63 60 — 53 50 60 47 61 49 52 62 55 4761 56
53 58 63 60 — 53 50 60 47 61 49 52 62 55 4761 56
53 57 — 62 — 49 45 58 6.0 50 43 51 59 48 4362 53
54 55 57 — 52 50 — 55 52 52 42 53 61 55 4261 53
55 53 — 6.1 — 58 45 — 56 50 49 — 53 56 4961 53
56 55 6.1 63 50 52 49 54 45 52 46 44 53 58 4463 5.2
57 - 6.3 60 — -~ 48 60 -~ 56 — 42 57 59 4263 56
58 58 — 64 62 52 49 63 56 63 — — — — 5264 538
59 52 61 56 -— 47 43 61 58 61 45 42 — - 4261 53
60 — 6.0 59 47 48 — — 58 49 — 47 48 — 4760 52
61 - — — 49 — 45 52 55 — 45 54 63 57 4563 53
62 — 54 55 — 48 49 5.1 — 52 37 44 — 54 3754 49
63 61 60 — 50 — — 56 52 53 43 — 51 56 5061 55
pH 50 49 49 46 38 36 46 41 40 37 37 40 4.4

range 3.6-7.1

62 63 64 62 58 51 71 64 63 52 51 63 6.0

Area

mean 55 56 57 52 47 43 55 52 51 43 45 52 51 51

pH

Klsr:ie 64 66 63 — 65 61 63 — 63 61 64 63 61 63

M.T.(°C)24.6 23.2 21.6 182 18.8 9.8 -21 03 18 36 13.7 154 19.6
P(mm) 13.4 84.3 644 238 642 127 12 16 1.6 10.8 13.8 193 37.3
W.D. SW SW W NE WNW NE WNW W W SE ENE NE SSW

M.T; mean temperature (°C), P; precipitation, W.D.; wind direction

A Sihis Bkel FiRML
Table 18] ZAAAZ H&AY 630 AzeA Wele £ vle| pHAl ¥ FdA] 9
EEREMS 9", 94, A2y 938 w2 Ads Fig 2004 2& wpst Ao, A
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Fig. 2. Seasonal changes of pH values of rainfalland ~ Fig. 3. Acidification network showing mean pH of

snowfall in Seoul area during 1985 to 1986. precipitation in the spring in Seoul
(1985-1986).
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Fig. 4. Acidification network showing mean pH of  Fig, 5. Acidification network showing mean pH of
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7449 pHE A sh7sA =, 22}, Fig 79 B-DejAl & 4 9l ule} o] o
e A e Ao ol mek Al AT AAR] HE LA
o AAY AelBE tha 52 pHA 44ste ARE Mol Wrh ¥ TAAH) 9
s ol % 1-2412ke] A3 Folok w2 2 Add) FYP FuD B4 pHE 1}
e Ao 47,



June 1990 Chang et al.: Acidificatin of Precipitation in Seoul 139

A Chamshil Godok -dong
(18/3/1986) B (5/6/1986)
6.0 6.0
~ <
E <
50h PH 43 X sof /PH 13 e
E £
3 s 5
a0t 12 B a0} 12 %
‘a a2
S @
@ et
& o
L PEcipifution . Precipitation
13.00 14:00 15:00 22:00 23.00 24:00
Time(O’clock) Time(O’clock)
Shinchon D Angukdong
c (18/6/1986) (11/7/1986)
50F
501
4.9+ pH pH
a8} / ~ / =
8 = é
474 13 > 4.5 130 £
E= £
5 a6l ELX E
] g g
45 = =
2 2 a0 20 £
s a
o e
a o
! —10
Precipitation Precipitation
7:55 8:.05 815 825 i:00 13:00 15:00 16:00
Time (O’clock) Time (0 clock)

Fig. 7. Changes of pH values of precipitation depended upon time course.

e £E FRES BRE
Aol 39 Foll Hele AAu HRiEE T3] A8 50 A& Ao



140 Korean J. Ecol. Vol 13. No. 2

H4de] ZA Table 214 HE whs} o] Wi #4HE AAshel pH, SO, NO,-,
Crel $=& 2434 SO 9 =& H4 15.1mg/ldA HI 69.5mg/17H4 1}
B2 NOy¥5E 1.5-19.4mg/192, Cl-& 3.8-37.4mg/lolsich, £(1985) ¢ 24}
Azl wlEeE SO L thh Rl L, NO~E cha Eolg o, Cle $48 42
o1%ie.

442 pHst SO, NO~ ¢ Cl-#¢] 43458 ANstel HEM BEe & 2459 7
9 pHE SO~ NO, 2ol 4#AF7 242 -0.94, -0.8022 Whehs] o3 F4@
of EAsh, Clobe 4% 9 AS2 vehdg, 53 SO & €(1985) ¢ Awe
SR b Akl e ¥A4BOZ REANDG, 1HzE 4894 Wk 7
Y AA4RE SUstE 3 OBRES SO 2 2URCD. BARTL 2 d2F
SO2-o HAFe dddo] 51.2%2 714 B thol WAAGE 38.0%elch, wrepy ol
239 AR7t AgAdel WAt 259 BE WGl 2 FEel H1 Ao Ae 9 4
Aok, ey AFe Welt ule) A4 F2 AFAe dde]l o] Hck: A
%, 9%, b % ATNE FaaA Fe BHRELE FTH 0k B,

Table 2. Mean pH and mean concentrations of SOz-, NO3 and CI- in rainwater collected in Seoul areas

Sam»led Sampled Rainfall pH SOr NO; Cl-
date area (mm) (mg/1) (mg/1) (mg/1)
Mar. 9, 1986 Anguk-dong 4 4.9 25.2 4.1 22.1
8 4.2 50.0 11.9 13.1
12 4.2 45.8 15.0 8.2
16 4.3 45.3 8.8 8.6
20 4.3 441 7.3 7.6
Ssangmun-dong 6 4.3 39.5 6.4 36.0
12 3.9 69.5 194 21.1
23 3.8 63.1 17.3 10.5
30 4.1 50.2 12,5 6.2
35 4.0 56.1 13.3 5.8
Mar. 18 Anguk-dong 1 5.3 15.1 3.2 15.2
2 4.8 27.2 54 7.5
4 4.8 26.4 3.5 5.5
5 4.9 331 3.2 13.2
6 4.5 36.1 6.5 9.3
Guro-dong 1 4.5 41.0 4.3 8.1
2 4.2 61.5 6.2 7.5
4 4.2 67.1 6.5 14.5
6 4.2 64.0 6.1 15.1
7 4.1 69.1 7.3 7.5
Ahydn-dong 1 5.0 20.3 2.7 7.1
2 45 26.7 3.3 6.2
3 4.3 447 4.8 3.9
5 4.3 56.9 8.7 4.9
7 4.6 38.2 74 3.9
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Table 2. Continued
Sampled Sampled Rainfall pH SOz NO; Cr
date area (mm) (mg/l) (mg/) (mg/l)
Mar. 18, 1986 Chamsil-dong 1 5.1 23.2 2.1 8.7
2 4.8 33.2 2.1 15.3
3 4.7 37.6 3.2 6.9
4 4.7 34.5 2.6 11.5
5 5.3 17.1 21 114
Ssangmun-dong 1 4.6 23.1 2.8 29.1
2 4.8 23.1 3.2 8.1
3 4.7 24.3 2.3 8.5
5 4.6 25.3 3.6 3.8
8 4.5 290.8 5.3 8.2
Mar. 19 Ssangmun-dong 1 4.7 22.7 1.8 4.4
2 4.7 32.6 3.5 8.2
3 4.0 65.4 9.0 8.3
Anguk-dong 1 4.3 46.8 12.1 16.0
2 4.4 37.1 10.7 11.0
Ahydn-dong 1 4.1 55.6 8.4 21.2
Chamsil-dong 1 5.1 32.6 3.8 9.5
Mar. 22 Chamsil-dong 1 5.2 17.6 1.6 37.4
2 4.8 23.1 3.0 22.1
3 4.7 29.7 4.1 15.6
4 4.8 26.0 3.2 104
Anguk-dong 0.7 4.1 27.8 12.6 6.1
Mar. 23 Anguk-dong 1.3 4.0 42.0 13.7 9.5
Mean 4.5 38.7 6.5 11.7

Etdulofl st tiko| ASHE

A Hele AAuZE 24 3, e £ pHel dvhv @ 43¢ v)x
A &24817] A3 Table 3¢ 4 Hi= ups}h o] A& 57 AioA o) Hojal W

3 e TE HiAEE WES] pHE 49 1
dF-E 79 11974A ZA sl

AR "Wojzl W& pHe 6.6-7.52
piLE™, steTel HASE ke pH
6.9-8.59] oF A&7l FAolHch, o] A
o 2k gAY el Adue XA
of oz WZ FEE Fole 2¥3 F
Aoz F3H3 dde AL ¢ F Ut
w2tA g Adue WA AHEXNE &
Wl FHAAA S vAA G AR
Hg = qlh,

Table 3. pH of surface and flowing rainwater into

the street drain

Rainwater into the

street drain

Sampling  Rainwater (Rainfall pH)

sites onsolls 38 43 51 62 71
Anguk-dong 7.3 74 79 85 75 78
Yondu-dong 6.9 71 73 69 72 7.3
Suyu-dong 7.1 75 71 75 69 7.5
Guro-dong 6.6 68 72 72 73 71
Koduk-dong 7.5 72 75 71 74 74
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