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The analyzed results of observed precipitation and its pH in Kwangju for 262 days from Jan. 1,
1991 to Dec. 31, 1995 are as follows.

The annual mean pH was 5.7, and the monthly mean pH values of January-May and November
were less than 5.6 in Kwangju. The ratio of acid rain for these periods was about 48.1%, almost
half that of the total observed days. In March, the pH was 5.4 and the ratio of acid precipitation
was 69%, an especially serious situation. In the spring, the pH value was 5.5, thus weakly acidic.
The pH of precipitation tended to decrease with greater precipitation. The relation between
persistent time and pH of precipitation is variable, but if the persistent time is long, the pH is
constant and low. It is fortunate that there is an increasing trend of pH in interannual variation,
but it is thought important that the amplitude of variation of pH in 1995 was high and the pH
value was 4.1 in October and November. Because heavy and persistent precipitation effects the

accumulation of acidity, more concern about acid rain is needed.
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1. Introduction

The natural precipitation indicates a weak acidity
about of pH 5.65 owing to atmospheric composition.
Thus acid rain is defined for both precipitation and
dry deposition in which the pH is lower than 5.65
(Regens and Rycroft 1988).

It is possible that acid rain occurs naturally, but
it has become a global environmental issue because
of manmade pollutant materials. The precipitation
pH values are different according to time and
space, but it is known that they are affected by in-
creases in anions such as SO, NO; and CI7, as
well as changes in atmospheric elements (Park 19
91, Kang 1992). Yamaguchi et al. (1989) explained
that the increases of SO.%, NO; due to urbaniza-
tion bring about acid rain, while So et al. (1996)
pointed out the SO, and NO, concentrations in the
air over the major cities of Korea. Park et al. (19
89) and Son, Chung et al. (1992) presented the re-
lationship between pH of precipitation and ions and
variation of pH over time. Song et al. (1992) exp-
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lained the variations of ions, correlations between
ions and temporal variation of pH. Bachmann et al.
(1993) conducted research on the chemical compo-
sition concentration in relation to rain droplets, and
Garnett (1980) studied the variations of air quality
in relation to wind speed.

According to their research, pH of precipitation,
atmospheric chemical composition, and relation be-
tween acid rain and ions are almost the same.
Thus, if it is assumed that there are similar chemi-
cal composition and variations in Kwangju also, we
can infer that the pH of precipitation has similar
patterns of concentration and variation distribution.

From this viewpoint, this study analyzed the pH
pattern of precipitation and its variation for the ob-
served precipitation in Kwangju.

2. Observations and data

Precipitation was observed every hour from Jan.
1, 1991 to Dec. 31, 1995, and the mean pH values
of the accumulated precipitation were measured.
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Table 1. Measurement of pH of precipitation (unit : 0.1).

1991 IST 1 2 3 456 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 Mo Mw P
Jan 7 53 52 53 53 53 29
21 51515152 52 52 52 52 52 52 52 52 127
Feb 9 56 53 50 51 53 68
10 5255 52 53 86
14 52 49 51 32
15 52 49 48 47 48 48 49 49 49 92
22 56 56 64
27 54 50 48 48 49 50 52 32
Mar 7 47 47 49 48 46 46 46 46 43 46 126
8 43444 4 43 42 43 152
10 40 40 42 4 42 256
11 41434 46 45 4 122
15 57 51 54 54 17
16 60 53 57 12
2 54 50 47 48 49 50 51 49 49 50 138
25 4949494949 48 49 49 7!
26 48 48 48 48 48
Apr 13 50 52 49 50 50 75
17 43 43 42 42 43 44 43 44 49 51 50 49 49 46 48 1506
May 6 49 48 47 52
7 51 48 50 26
24 54 55 55 108
26 57 57 43
27 56 56 57 57 57 40
Jun 1 59 54 55 54 58 55 55 56 56 292
2 575556 56 57 56 56 55 5 518
3 57 57 37
8 59 58 59 28
9 54 5555 54 55 59 56 55 58 56 57 56 1033
11 58 58 60
12 59 59 112
29 59 59 59 47
30 58 58 58 42
Ju 1 59 59 59 58 59 95
4 60585859 60 60 58 57 57 59 441
7 5758 59585759 58 285
8 60 60 59 59 59 55 55 55 56 58 193
9 57 56 56 58 57 57 382
10 56 57 57 58 58 60 59 58 60 59 58 1042
1 60 60 57 55 55 59 58 58 678
15 54 57 56 55 57 56 619
25 60 59 58 57 55 58 54
30 53 53 52 55 198
31 58 57 58 57 553
Aug 1 5655 55 55 578
2 55 5656 57 56 56 56 141
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(Table 1.) continued
1991 IST 1 2 3456 7 8 91011 12 13 14 1516 17 18 19 20 21 22 23 24 Mp My P

4 57 55 56 57 57 56 56 120
9 49494748 4950515057 56 56 51 408
10 56 57 57 33
22 59 58 58 58 49
23 58 58 56 127
Sep 5 55 56 54 52 53 56 54 93
6 50 50 53 54 52 52 106
26 53 5 137
27 5556 59 58 60 61 60 59 53 &4 431
Dec 24 54 63 59 55 49 47 55 101
28 54 M 55 55 55 55 61

Mr 57 54535353545453535554 55 54 54 53 54 55 54 51 52 52 52 52 52 54 53

1992 LST 1 2 345 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 MpMu P

Feb 3 44455051 65 66 46 45 47 49 51 165
29 525253 52 49 51 51 47 47 47 46 50 50 149
Mar 2 45 47 47 48 50 47 47
5 45 45 46 46 46 46 134
17 5355 54 83
18 56 56 102
20 52 52 81
21 53 53 51 40
Apr 8 52 52 52 52 120
9 53 57 55 59 57 54 55 59 59 57 57 224
10 56 57 57 57 57 57 148
21 54 53 54 54 88
29 59 61 50 47 47 53 54 56
Jun 12 55 54 56 51 50 47 48 47 51 1270
16 474950525352 52 51 50 49 47 49 50 50 50 51 52 50 702
17 53 53 2M
19 59 59 35
31 53 53 53 55
Aug M4 504949 46 45 53 51 50 49 315
16 65 65 66
26 59 55 53 56 280
27 57 55 52 51 54 56 338
Sep 1 57 55 56 55 56 221
7 52 53 52 52 130
8 54 55 55 120
24 54 53 52 50 50 50 52 53 51 51 54 55 53 54 54 54 54 54 53 664
28 54 52 53 53 57
29 5353 52 51 5454 53 54 138
Nov 19 55 52 60 56 100
20 70 69 70 63 12
Dec 6 5755 55 54 55 55 147
11 57 57 300
23 65706463 66 290
24 66 70 65 63 67 66 130
27 6045 43 46 44 45 47 58 105

M:_ 38 5353 555656565553545153 50 50 49 50 50 52 53 50 53 52 53 52 53 52
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1993 LST 1 2 34567 891011121314 1516 17 18 19 20 21 22 23 24 MoMu P
Jm 9 56 56 46
14 47 12 42 46 11

18 . 67 69 68 68 57 33

Feb 11 57 57 12
16 46 52 45 47 47 46 51 46 48 270

21 68 62 53 61 55 150

6 55 56 58 60 59 58 58 703

24 50515053 55 54 53 54 54 53 55 214

Apr 23 58 58 15
28 56 54 55 57 56 58 57 56 53 56 57 185

May 1 65 63 64 201
2 65635758 51 55 55 58 257

6 68 49 55 55 57 75

9 71 57 55 55 52 48 50 55 172

13 60 55 50 48 53 129

14 51 57 54 58

17 61 61 60 59 60 141

21 56 56 57 107

Jun 1 61 60 60 55 59 44
2 64 62 58 62 56 50 48 46 46 46 46 53 346

13 52 53 52 51 51 51 52 208

22 63 63 49

28 62 60 54 50 50 44 43 52 52 408

29 65 65 58 56 61 57 257

Jun 1 68 67 68 38
11 55 55 54 54 53 54 302

12 57 5252 52 52 53 1430

13 55 58 59 60 58 58 467

16 54 57 56 30

17 56 53 57 55 56 55 175

26 56 56 56 57 56 57 147

Aug 1 64 61 61 62 645
5651 52 53 94

8 56 53 55 137

10 68 69 69 67 68 146

12 69 67 68 94

13 62 55 51 50 50 58 59 55 918

16 66 63 63 65 64 64 64 58 B4 62 63 62 315

18 50 49 48 49 28

19 51 51 13

25 69 68 66 68 67 68 96

26 5954555555 6160 57 59 582

Sep 16 67 67 62 62 62 63 64 195
17 62 63 60 61 65 65 64 51 55 55 60 62 107
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(Table 1.) continued

1993 LST 1 2 34567 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 My My P
Oct 29 58 54 54 50 54 522
30 58 58 58 56 48
Nov 6 57 59 58 55 54 57 189
10 59 60 60 48
13 52 53 44 43 46 52 62 62 52 240
23 61 60 60 59 59 59 60 560
30 50 49 50 51 50 56 119
Dec 3 60 57 55 55 54 56 450
10 10 64 65 61 60 62 66 68 64 104
21 5960 60 61 60 63 61 140
22 62 62 62 61 230
M: 55 61595856565958585658 56 57 58 58 56 57 58 58 56 55 54 57 58 54 57
1994 IST 1 2 3 4567 8 910111213 14 1516 17 18 19 20 21 22 23 24 Mo Mu P
Jan 17 59 59 60 59 59 90
18 61 61 30
21 61 61 61 60
22 59 59 60 59 570
23 6060 60 60 60 60 60
Feb 9 55534646 50 50 51 50 340
1 63 62 63 56 2430
Mar 12 5748 50 50 49 50 51 123
22 70 66 64 62 61 59 56 60 53 61 104
24 60 57 56 58 57 630
Apr 6 59 95 57 37
12 65 59 58 59 60 60 231
18 67 66 63 65 65 40
20 69 66 57 56 56 61 77
22 6863 40 57 50
23 6041 51 58 20
May 3 56 64 67 62 61 59 56 61 110
10 61 57 57 58 140
11 54 56 57 65 68 49 45 56 201
14 666363 54 53 52 53 54 55 54 54 53 52 56 321
15 53 55 53 54 36
24 66 67 66 66 14
25 68 65 68 67 60 15
Jun 8 69 69 69 68 69 43
18 67 66 62 64 65 65 65 130
22 60 47 48 61 54 19
27 65 58 55 59 58 60 65 69 65 62 340
30 70 60 69 67 65 62 66 69 70 65 63 114
Jul 27 65 64 64 64 64 18
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(Table 1.) continued
1994 IST 1 2 3 456 7 8 91011 12 13 14 1516 17 18 19 20 21 22 23 24 My My P

Aug 1 564647565564 56657171 58 53 58 546
3 5956 59 58 161
10 59 5352 49 48 54 56 54 50 55 53 57 53 611
12 65 60 52 52 52 56 56 202
16 68 67 67 67 67 67 448
19 60 53 57 33
26 59 55 57 58 16
Sep 5 56 53 46 56 65 55 265
24 66 61 59 62 59 123
Ot 11 66 64 64 63 60 60 60 56 57 58 56 56 51 59 318
12 63 63 63 65 57 62 62 158
21 4344 43 66 62 49 49 47 47 50 57 265
Nov 17 : 69 52 49 57 87
18 5352 47 47 50 51 50 53 231
Dec 8 60 42 40 43 48 47 . 49
9 48485046 48 144
14 71 70 57 46 45 43 50 50 25

M: 46 58 56 56 58 60 57 57 59 60 61 58 58 58 59 60 59 60 58 56 58 57 54 54 53 57

19951ST 12 34567 891111213 141516 17 18 19 20 21 22 23 24 Mo My P
Jan 3 70 60 47 45 44 53 77
5 68 56 43 52 67 60 64 57 57 45
15 73 73 73 210
21 67 57 50 58 83
22 5049484746 48 58 157
Feb1 2 69 71737061 57 55 53 50 49 49 49 48 65 63 65 59 231
25 717474 nn 74 74 73 18
28 71 71 67 66 63 51 55 55 56 65 65 98
Mar 9 67 58 52 52 50 49 48 47 53 102
10 7260 66 26
12 74 69 72 19
15 60 52 48 53 33
16 6260 696259 64 51
24 5758 65 62 62 55 55 59 61 4848
Apr 9 66 54 44 45 52 34
11 72 60 56 58 62 65
13 474 11
14 535856 7061 63 73
0
21 69 64 56 61 51 56 54 54 54 52 48 42 55 421
22 47 44 41 43 43 46 45 44 45 44 48 45 58 471
Mar 10 6964 64 71 71 63 62 66 104
13 68 53 53 58 112
15 68 53 47 49 47 45 42 43 43 58 112
20 65 61 60 57 57 58 59 59 58 58 58 65 61 65 63 60 235
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1995 LST 1 2 3 456 7 8 91011 12 13 14 15 16

17 18 19 20 21 22 23 24 MoMu P

21 56 66 70 64 16
28 61 61 60 112
Jun 3 595858 54 53 56 424
13 67 57 52 50 70 68 68 67 66 65 63 60 99
ub 2 7069 69676771 71 70 67 65 63 60 59 59 66 123
7 68 66 66 60 60 60 61 58 61 68 63 199
8 45 A 50 78
12 68 70 67 68 28
19 797671 70 65 72 49
21 61 62 62 302
23 70 68 66 62 71 69 112
24 . 53 49 51 63 243
Aug 1 70 70 20
9 66 58 50 48 51 55 197
19 7372 73 73 168
20 7374 7375 75 73 73 75 M 261
247271 71 7137271 72 61 70 70 238
25 6961 74 74 4 73 71 141
26 747747 75 281
27 4 737 30
Sep 9 77 59 68 18
13 68 69 63 61 55 54 60 60 61 36
23 70716860 6463 66 65 158
Ot 3 ' 64 71 58 64 24
15 60 59 66 67 59 70 66 64 92
31 76 62 64 63 64 66 65 40
Nov 1 666765 67 66 25
2 50 50 12
7 51 55 53 58
8 59 56 42 46 51 32
10 41 11 22
13 53 49 45 49 75
14 4242 42 63
19 43 53 18
23 58 62 60 19
24 6056 50 55 51 27
Dec 4 70 50 62 66 62 28
5 74 67 68 71 63 61 67 56
8 68 68 12
24 76 76 7574737272 74 21
28 174 73 16
29 73747373 74 74 757 77T 47 49
M: 66 61636264 63 6264 64 68 65 62 61 66 62 62 61 59 60 62 59 58 60 57 58 62
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For the time series analysis, the observations
were made every hour on the hour regardless of
when precipitation started. However, in cases
where precipitation lasted less than one hour, the
observation was done in adjacent hours. When pre-
cipitation continued over one day, the precipitation
days were separated at midnight, but the precipita-
tion frequency was concluded to one. In cases
where it rained several times in one day, if it
doesn’t rain over 3 hours, the precipitation freque-
ncy was separated and estimated. The grades of
precipitation intensity accord with the analysis me-
thod of Korea Meteorological Administration. Du-
ring the observation period the number of precipi-
tation days totaled 580 in Kwangju, but the measu-
rements of acidity were made for 262 days out of
the total (Tables 1 and 2).

3. Analysis and Results
3.1 Precipitation amount and frequency
of precipitation

50N

45N

JTUTE IR

35N

30N 1

SN ' . : ' : '
PNGE TS 1Z0F V2ot 13E I3E  H0E TASE

Fig. 1. Observation location

During the research period, the total number of
precipitation days was 580, the average annual nu-
mber of precipitation days was 116, and the eve-
rage monthly total precipitation amount was 1098.3
mm. The monthly precipitation amount and num-
ber of precipitation days are shown in Fig. 2 (Table
3).

Table 2. Number of precipitation according to pH of precipitation

Precipitation — Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |Sum
~<01 52 36 33 32 27 28 39 46 24 25 32 52 426
Daily ~< 10 2 6 14 5 15 8 12 16 1B 2 7 6 |108
Precipitation | ~=< 30 0 0 0 2 3 6 10 14 2 2 0 01| 39
(Ppmm) | ~<8 | 0 0 0 0 0 0 0 1 1 0 0 0] 2
~<100 0 0 0 1 0 1 3 0 0 0 0 0 5
Table 3. Precipitation amount and precipitation frequency
Year 1991 1992 1993 1994 1995 Mean
Month Pu No Pu  No Pu No Pu No Py No | PuNo
Jan 287 12 154 11 252 10 307 10 423 11 28 11
Feb 451 14 251 8 666 9 324 7 349 4 408 8
Mar 1002 14 672 12 813 6 357 7 281 8 625 9
Apr 1714 4 681 13 246 5 433 8§ 1117 10 838 8
May 297 6 1105 8 1140 10 866 11 755 10 833 9
Jun 2138 . 11 485 8 1309 9 658 9 964 6 | 1111 9
Jul 4613 18 2334 9 3001 15 788 8§ 1100 14 | 2367 13
Aug 1544 15 2320 12 4233 22 2246 15 1514 13 | 2371 15
Sep 1859 8 1838 17 354 6 390 3 405 8 969 8
Oct 32 3 262 9 586 6 824 7 172 4 375 6
Nov 338 7 297 9 794 10 325 3 351 10 421 8
Dec 50 11 582 15 327 11 246 8 231 13 380 12
Total 14805 123 10981 131 13721 119 7764 96 7644 111 10983 116
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Fig. 2. Precipitation amount and precipitation
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Fig. 3. The variation of monthly mean pH of
precipitation

3.2 pH of precipitation

Of the total number of precipitation days, 1302
time observation was achieved for 262 days. Using
these data, the monthly mean pH of daily accu-
mualted precipitation was estimated and Table 4
and Fig. 3 show the results.

12
longhFN ;1 logpHy

Table 4. Monthly mean pH of precipitation.

in Kwangju, Korea (Precipitation intensity and persistent time)

Fig. 4. Interannual variation of pH

where pHu is the mean pH and pHp is the pH of
daily accumulated precipitation.

The monthly mean pH was 54 in March, which
was the lowest, even lower than the 5.6 in January,
Februaty, April, May and November. According to
Table 4, the pH of precipitation has been reduced
since 1991 (Fig. 4).

3.3 The ratio of acid rain

The analyzed pH band frequencies of daily accu-
mualted precipitation are shown in Table 5 and Fig.
5. The ratio of strong acid rain of which the daily
mean pH is less than 4.5 was about 2.7%, but it
of acid rain under pH 5.6 is about 48.1% for nearly
half the total observed days. Table 6 and Fig. 6
show the monthly distribution of pH.

In Fig. 6, the ratio of acid rain to total precipita-
tion in March is 69%, the highest followed by
more than 50% in January, November, February
and September. The reason for the low frequency
of acid rain in the summer season and in Decem-

Year Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec [Mean
1991 52 52 48 48 53 57 57 56 54 /! 56 55 | 53
1992 // 50 51 54 50 // 53 56 54 // 63 58 |54
1993 57 55 55 57 57 57 57 59 62 56 56 61 |57
1994 60 57 57 59 60 63 64 58 59 57 54 50 |58
1995 57 66 61 59 60 60 63 70 65 65 51 70 |62

Pw : monthly precipitation amount (0.1 mm)
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Table 5. pH distribution of precipitation

PRI s ~<50 ~ <56 56<~ S
Year =4 <5. <5. ! um
1991 3 10 22 22 57
1992 0 7 23 8 38
1993 0 4 22 29 55
1994 0 5 10 31 46
1995 4 5 11 46 66
Sum 7 31 88 136 262
(%) (2.7) (11.8) (336) (51.9) (100)
Table 6. Monthly pH of precipitation
pH—Month | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec [Mean
~Z45 0 0 3 1 0 0 0 0 0 0 3 0 7
~Z50 2 5 6 2 4 0 2 2 0 1 4 3 31
~=56 4 5 9 7 10 8 11 13 10 1 5 5 | 88
56< ~ 9 6 8 11 15 4 18 22 7 6 7 12 | 136
Sum 15 16 26 21 29 22 32 37 17 8 19 20 | 262
<4.5 <5 &1
7% 11.86% L
£ A EIN
>5.6 R gh i  sor
+H <5.6
Fig. 5. pH distribution of precipitation N L 2% 22z (b

z" :-<45 [N : -<5.0 [ : -<6.6 ] : 5.6<-
5 ]
£ 41| [Ratio of Acid rain day (%) ] —
£ 4
a 35
£ s
£ 251
z
i
2 154
o
g 101
5-!
v}
Fig. 6. Monthly ratio of acid rain

ber can be explained by rain washout; however,
the low rates of acid rain and pH in October are
different from other research results. The changes

Season

Fig. 7. Seasonal pH of precipitation

of meteorological variables in Korea are districted
by each season. Taking this into consideration, we
have divided the observations into four separate
seasons . spring (Mar, Apr. and May), summer
(Jun,, Jul. and Aug.), autumm (Sep., Oct. and Nov.)
and winter (Jan., Feb. and Dec.) and examined the
ratio of acid rain to pH of precipitation (Table 7,
Figs. 7 and 8). The seasonal mean pH showed that
spring had the lowest acid rain of 5.50, becoming
higher to autumm, winter, and summer. In Fig. 8,
it can be seen that the ratio of acid rain is lowest
in spring. Table 8 and Fig. 9 show the daily varia-
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Table 7. Seasonal pH (pH.nseasonal mean pH observed at every hour; pH;: pH at voluntary
time; pHuonum, - seasonal mean values using mean pH of daily accumulated precipitation;
pHoi: pH on voluntary day; m total number of observed time or day in season

pH — Season Spring Summer Autumn Winter Mean
Time Mean 5.56 592 563 5.81 5.73
Monthly Mean 5.50 5.87 5.69 5.73 5.70

Table 8. Daily variation of pH

LST
Season

1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24

Spring |60 58 55 55 56 54 53 59 58 57 58 5.7 54 56 55 55 54 52 51 52 51 51 51 53
Summer|6.1 5.7 56 58 59 59 59 6.1 6.0 6.1 58 55 6.0 6.0 6.0 58 6.0 59 58 59 5.7 58 56 5.7
Autumn |54 55 58 66 6.1 57 52 54 58 5.7 55 5.7 6.0 55 57 6.0 55 56 60 56 59 54 55 54
Winter |53 5.8 59 5.8 6.0 59 59 55 56 57 54 54 5.7 55 5.7 58 6.0 58 6.0 6.1 58 64 6.1 5.7

Annual [5.7 5.7 5.7 59 59 5.7 56 5.7 58 58 56 56 58 5.7 5.7 58 5.7 56 5.7 57 56 56 55 55

Table 9. pH as precipitation categories

Dail

e ~<10 ~<30 ~ <80 ~<100 100< ~

Precipitation
pH 5.84 571 5.60 545 545

1201 ] 71
. i [ stio of Acki rain day %) | ' M
% s
H
o
k3]
3
&
S

7

8.5

[m] =
6= =
a

Fig. 9. Daily variation of pH
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Daily Precipitation(mm)

Fig. 10. pH as precipitation categories.

tion of pH.

The pH value reaches its peak from 9~10 am.
each day and lessens gradually that.

3.4 pH and intensity of precipitation

To confirm the relation between precipitation
amount and pH, the daily precipitation amount and
daily mean pH were analyzed (Table 9, Fig. 10).

The greater the precipitation amount, the lower
the pH. This is contrary to the theory which states
that the pH of precipitation varies with the ion and
TSP variation in the atmosphere. This is difficult
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Table 10. The number of acid rain days as precipitation categories.

pH—Ps ~=10 ~=30 ~=80 ~ =100 100< ~ Sum
~ =45 3 3 1 0 0 7
~ <50 -4 12 4 0 1 31
~ =56 30 37 16 2 3 88
<~ 69 45 20 0 2 136
Sum 116 97 41 2 6 262

Po : daily precipitation amount (mm)

Table 11. The number and ratio of acid rain days as precipitation categolies

No. of days with Precipitation

Time ~=<1 ~Z=3 ~=6 ~=12 12< ~ Sum
~Z45 2 3 1 1 0 7
~=<50 1 7 11 13 2 4
~ b6 11 40 38 13 3 165

<~ 69 27 58 47 22 156
Sum 41 108 97 49 7 302
pH 575 6.55 6.40 5.56 5.70
pH
¢
8 ; o o
48 o o
N EEED HE
] AERE P
6 — ° °
~ Eggﬁaaggm :
5 —~ : g E E 8 B oo
4 | oo g B ge °
<10 <30 <80 <100 >100 3 |
Daily Precipitation(mm) 0 10 20

. ] ) Precipitation Time(hour)
Fig. 11. The number of acid rain days and the
ratio of acid rain days as precipitation Fig. 13. Distribution of pH according to the
categories. duration of rain
to conclude beacuse there are rare cases in which
l the daily precipitation is over 100 mm, but the ratio
of acid rain is high when the daily precipitation
amount is also high (Table 10, Fig. 11).
3.5 The relation between duration and
pH of precipitation
It is generally, known that the pH value is high,
that is the acidity is low, if the duration of precipi-
tation is long. To confirm this, the frequency of pH,
mean pH and distribution of mean pH accroding to
duration of rain were obtained (Table 11, Figs. 12
Fig. 12. pH according to duration of rain and 13).

Duration of Rainfali(hour)
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By Fig12 and Fig.13, it is difficult to conclude
the relation between duration of precipitation and
pH. But according to the result; when the duration
of precipitation is six houres, somewhat a long
time, the pH have a small vlaue. If precipitation
persists for six-twelve hours, the mean pH indica-
tes weak acidity. If the duration of precipitation is
long, the pH continues at a constant value. It is
thought that the result is made since the increased
pH to constant level is diluted by increased preci-
pitation over the passage of time and neutralized
by absorbing of alkalic material.

4. Results

The results of analysis observed precipitation
and its pH in Kwangju for 262 days from Jan. 1,
1991 to Dec. 31, 1995 are as follows -

The annual mean pH was 5.7, and the monthly
mean pH values of January-May and November
were less than 5.6 in Kwangju. The ratio of acid
rain for these periods was about 48.1%, almost half
that of the total observed days. In march, the pH
was 5.4 and the ratio of acid precipitation was 69%,
an especially serious situation. In the spring, the
pH value was 55 thus weakly acidic. The pH of
precipitation tended to decrease with greater preci-
pitation. The relation between persistent time and
pH of precipitation is variable, but if the persistent
time is long, the pH is constant and low. It is for-
tunate that there is an increasing trend of pH in
interannual variation, but it is thought important
that the amplitude of variation of pH in 1995 was
high and the pH value was 4.1 in October and No-
vember. Because heavy and persistent precipitation
effects the accumulation of acidity, more concern
about acid rain is needed.

Acknowledgment
This study was supported in part by research
founds from Chosun University, 1994

References
Bachmann K., Haag I. and Roder A., 1993, A field

study to determine the chemical content of
individual rain drops as a function of their
size, Atmospheric Environment, 27A, 1951~
1958

Chung, Y. S. and Kim, T. K, 1992, “An Acidity
study of precipitation observed in Chong-
won, Chungbook”, J. of Korea Environmental
Sci. Society, 1~1, 29739

Cogbill, C. V. and Likens, G. E, “Acid precipita-
tion in the Northeaster United States”, Wa-
ter Resources Research, Vol.10, No.6, 1974

Gamett, A., 1980, “Recent trends in sulphurdio-
xide air pollution in the Sheffield urban re-
gion”, Atmospheric Environment, 14, 787~
796

Grant, L., 1972, “On the relation between pH
and the chemical composition in atmosphe-
ric precipitation”, Tellus, 24, 550~560

Kang, G. U., Kang, B. W. and Kim, H. K. 1992, “A
study on the comparison of chemical com-
ponents in rainwater at coastal and metropo-
litan areas”, J. of KAPRA, 8~3, 191~197

Kim, K. }., Lee, S. H. and Chung, Y., 1988, “A
time series analysis for the monthly variation
of SO, in the certain area of Seoul using
ARIMA model”, J. of KAPRA, 4~2, 72~81

Koo, J. K. and You, D. J., 1986, “Development of
relationship between air quality and rain aci-
dity”, J. of KAPRA, 2~3, 45~51

Moon, Y. S., Park, M. K., Kim, H. J,, Kim, K E,
and Lee, D. 1., 1996, “Relationships between
precipitation component and surface wind at
Kyungsan, Korea”, J. of Korea Env. Sci. So-
ciety, 5~2, 141~152

Park, S. B., Park, S. H., Kim, M. Y., Kang, H. G,,
Kim, Y. G. and Lee, S. Y., 1989, “Studies on
the present state of acid precipitation in
Seoul area”, ). of KAPRA, 5~2, 42~54

Park, I. S., Lee, D. G. and Kang, I. G., 1991, “The
meteorological factors goveming SO. conce-
ntrations during the wintertime in Seoul
area”, ). of KAPRA, 7~2, 96~104

Regens, . L. and Rycroft, R. W. 1988, The

675



Chan-Sco Y0O

acid rain controversy, Pittsburgh Univ. Press, Son, D. H. and Yang, S. C, 1985, “Studies on

48 acid precipitation in Seoul”, ). of KAPRA, 4~
So, S. S., Lee, D. S. and Shin, H. R.., 1996, Chara- 2, 33~41

cteristics of variation of SO, and NO, conce-  Yamaguchi, T, Fujii, K and Okamoto, R, 1988, |

ntration in the air over the major cities of The chemical characters of acid rain in around

Korea, ). of Korean Earth Sci. Society, 17~2, Tsukuba city, in July 4, 1988, ]. of Agr. Met,

174~182 45~3, 177~180

EMOEEt xﬁmw
(1996 108 30

19919 1€ 19%H 19959 129 319 7173 2629 59t FEA o)A #E B4o} B pHE
“Hfﬂ A%e 453 2.

ZAure] AFF pHE 57011, 19~547 1199 pHE 56 oJ3Ath. £, A¥d2+95 A4
7**%4 H] &8 481%0113, mﬂlﬂoﬂ e AAZF ALY WEE 50%0440 #Z HAUTH o
g ddF vre] 4 ube] Bzl A7 YA, 53], 399 €%y pHE 5401
A A5 v gL 9% U ol Wg AZs AdEEE B 7HE, AE 2 9F £oE *“457}
1, 23 4o e pHE 552 Aol

pH4 duste F@8 4o gen, 7h8 e ASE 19919 3910¥ #5F pH 400 itk
59 A& Az pHY #AE dAAE dou 59 AFdAE AL Aol Z W pHIE WA
Uehgton, 7t 2wt A4d 4¢ 94 p Hzk& Yt ik

pHY 7ZAduistol A pHY} 4538 B el As g dojo}, 12} 1995 91 $ pHY W37}
HNZo] & A3} 119 1099 pH 41& $88 41117} Aotz Atz 13, B2 459 11%31 A
Az FAG A5 Gt Qlo] AHdSe] dig #4o] H& a7

676



