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Studies on the Present State of Acid Precipitation in Seoul Area
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ABSTRACT

This study was carried out to investigate the phenomena of acid precipitation.

The pH value, electro conductivity and major anions (sulfate, nitrate and chloride) were mea-
sured by automatic acid rain monitor and ion chromatography at 5 points in Seoul area from Jan. to
Dec. 1988.

1. The acidity of rainfall was in order of winter (4.31) spring (4.77) fall (4.94) summer (5.31).
Rainfall with a pH of less than 5.6 was appeared 83.2 percent.

2. The range of the highest appearence frequency rate both at Hannam-dong and Songsu-dong
was from pH 4.6 to 5.0 and appeared 30.7 percent and 38.3 percent respectively, Bang-i-dong
was 36.3 percent in the ranged from pH 4.1 to 4.5 and Guro and Ssangmun-dong were 26 per-
cent and 30.3 percent in the ranged from pH 5.1 to 5.5 respectively.

" 3. The sulfate and nitrate ion concentration in earlier rainwater ranged from 0.1 ppm to 50.2 ppm
and from 0.01 ppm to 15.8 ppm respectively.

The earlier rainwaters were generally more acidic than the after rainwaters.

4. The order of the major anion concentration in rainwater was S0,2~ > CI™ > NO;™ and the
acidity of it was more effective by sulfate ion than others.

The correlation between pH value and anions concentration was shown positive correlation-

ship at Guro-dong and Bang-i-dong and negative correlation at Hannam-dong but not at the

other sites.
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1) B#NESHE D R DEIEESRE
Fr, R-1,600P%!
2) lon Chromatograph : Dionex Model
4000i
(D Anion Suppressor Column : AFS
@ Anion Seperator Column : HPIC
-AS, '
® Chart Speed ; (.25cm/min
@ Flow Rate : 2.0ml/min (150psi)
3y S0,, NO, Wind Speed, Wind
Direction ; KIMOTOjit MCSAM-1 System.
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Table 1. Sampling sites

Distance from

Sampling site Area the
Kwangwhamoon
Hannamdong Residential 3.9km
Songsudong Industrial 7.3km
Ssangmundong Residential 10.5km
Gurodong Industrial 12.5km
Bangidong Residential 14 km
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Table 2. pH concentration in early and succeeding rain waters
Site Hannam Songsu Guro Bangi Ssangmun
Season . Mean Max Min Mean Max Mix Mean Max Min Mean Max Min Mean Max Min
1 x= 500 7.10 3.60 5.3 7.40  3.60 6.15 7.60 4.0 508 7.3  3.80 504 6.7 3.5
2me. 495 680 3.60 4.87 6.20 370 567  6.70 4.0 503 7.3 3.7 504 7.0 3.30
3 5. 6.40 3.20 4.6 5.60 3.9 5.60 6.3 5.0 4.63 630 3.0 e 100 3.2
SPR. 4m 4.83 6.0 3.30  4.53  5.00 4.00 553  5.80 5.0  4.64  6.40  3.60 4T 660 3.30
5m 4.87 6.00 3.30  4.57 5.0  4.20 5.43 570 5.0  4.30  4.90  3.60 4.58  6.40 3.40
S5amf 478 6.4 3.80 4.50 6.40  3.70 5.40  6.00 4.9 4.2 520  3.40 482 640 3.2
Mean 4,92 4.79 5.66 4.64 4.77
| 5.06 6.60 3.30 5.30 7.80  4.10 562 7.90 4.0 5.27 1.90 3.9 5.64 790 4.00
2 wn 5.00 6.30 3.9 506 6.5  4.10 551 7.0 4.3 497 720 3.9 548 6.0 4.00
3 505 6.00 4.00 5.6 650 4.0 542 7.0  4.20 498 6.60 4.0 5.6 6.0 4.50
SUM. 4m 504 5.9 4.00 5.2 6.60  4.10 538  7.60 4.3  4.85  7.00 3.9 5.5 6.0 3.2
5 mn 500 6.10 4.00 4.9 6.0 4.0 541 7.5 4.3 479 6.20 3.9 5.2  6.60 3.7
Seml  5.06 6.60 3.30 4.95 7.60  4.10 543  T.60 4.0 473 6.40 370 5.17  6.70 3.8
Mean  5.03 5.08 5.47 4.93 5.3
1 =n 4.60 5.60 3.90 4.87 560  4.00 7.9 8.10 6.0 476 5.90  3.60 5.4 6.00  4.10
2 xm 4.52 5.5 3.70 4.8 540  4.00 6.55  8.20 4.9 449  5.60  3.70 4.94 5.9  4.10
3 xn 4.7T  6.10  4.00 453 520 3.90 5.9  7.80 4.8 4.338 5.0 3.0 48 5.9 4.1
FAL. 4m 4.57 5.40 4.20 4.45 4.8  4.00 570 7.50 450 4.3 5.40 3.8 4.8 5.9 4.10
5 m 447 4.9 420 445 510 4.2 526  7.00 430 4.27  4.60  4.00 4.9  6.00 4.50
Saf  4.53  6.10 3.90 4.5 4.0 4.30 528 8.7 3.9 435  4.80 3.8 4.8 6.00 4.3
Mean 4.8 4.63 5.78 4.43 4.94
1 m 587 6.50 5.10  5.46 600  4.50 4.59  6.90 420 497 5.8  3.60 47 5.40 3.3
2 me 5.40  5.50 5.20 4.63 520 4.2 500 6.7 4.0 502 5% 4.0 3.75  4.80 3.30
3 530 5.0 5.20 4.57 570 4.20 520 6.3 460  4.85 630 4.0 410 530 3.2
WIN, 4m - - - 4.60 4.0 4.60 490 500 4.8 5.05 520 4.70 4.60  4.80 3.9
5 — - — 4.80 490  4.70 50 5.0 480 4.9 520 4.8 470 5.30 4.5
Sant - - — - - - 500 5.0 5.00 470 52 4.3 400 480 3.3
Mean  5.52 4.81 5.80 4.93 4.31
1w 5.0540.14 5.310.14 5.0+0.14 5.940.11 5.19 + 0.11
2 mn 4.9540.13 4.9340.13 5.70%0.15 4.8840.12 5.1 % 0.14
3 5.0240.14 4.81+0.12 5.5640.15 4.81%0.11 4.83 £ 0.15
Annual
. dmn 4.93%0.14 4.830.14 5.4540.15 4.7540.12 4.97 +0.14
meAn 4.9040.15 4.77+£0.11 5.36+0.16 4.65%0.11 4.9 £ 0.17
Sanl 4.9340.14 4.780.10 5.3840.16 4.5840.09 4.97 £0.12
Mean 4.97 4.94 5.60 4.83 5.03
*mean +: SE
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Table 3.

Sulfate ion concentration in early and succeeding

rain waters (mg, ¢4 )

Site Hannam Songsu Guro Bangi Ssangmun
Season Mean Max Min Mean Max Min Mean Max Min Mean Max  Min Mean Max Min
| = 12.37 2691  1.65 1.7 50.25  0.63 6.03 351 2381 12.79 2.8 5.09 5.55 10.38 1.39
2 mm 13.78  34.02  3.27 13.09  26.71  4.47 18.02  28.71  10.87 10.97 15.85 3.9 13.03 20,51 2.29
3 == 1250  20.97 1.35 12.00  20.46  4.52 10.20  14.73  7.73 10.19 26.02 2.27 10.48 14.43  3.43
SPR. 4 o 12.60 22.37 5.47 12.54  30.15 4.03 8.53 10.21  6.85 9.19 19.51 2.21 10. 99 18.11  6.64
5 am 9.78 1323 6.1l 13.97  39.00 4.52 10.37  10.37  10.37 4.10 6.45 2.02 9.01 15.78 3.38
Sml — — — — — - —_ — — - — - - - —
Mean 12.21 12.67 12.68 - 9.45 9.81
1am 7.22 17.83 0.23 5.06 12.36  1.12 5.33 23.60 0.18 4.99 10.47 1.01 4.45 17.92 0.
2 =m §.54 1767 0.25 8.57  40.77  1.07 5.27 20,24 L. 4.52 1462 0.10 4.31 17.06  0.56
3 mm 6.06 18.38 0.2 8.01 48.16 1.2t 6.19 2347  L.03 4.66 15.45 0.03 3.95 12.24  0.39
SUM. 4 = 3% 1.7 0.2 5.34 17.11 1.11 3.91 10.26 1.0l 4.12 10.8 1.02 3.50 14.33  0.13
5am 3.48 8.26 0.10 5.01 18.87  1.02 3.72 8.25 1.0l 3.92 10.81 0.5 3.40 14.09 0.78
Smnl 2.65 4.7 0.87 2.59 4.66  0.98 7.36 1819  2.42 2.65 4.91  L.76 - - -
Mean 4.82 5.76 5.30 4.14 3.93
1 mn 5.15  7.10 1.3t 3.36 6.37 1.63 16.93  46.15 1.83 3.5 8.10 1.39 4.10 13.27 0.35
2mm 4.38 8.21 1.97 3.3 5.2 2.0 7.32 1036 3.20 2.91 7.03 1.08 3.217 10.12  0.12
3 mm 3.10 7.13 1.2 4.34 5.04 3.4l 4.8 8.27 1.02 2.93 6.10 0.33 3.8 8.73  2.01
FAL. 4 mm 249 4.11 1.8 3.26 3.26 3.2 2.96 5.12  2.12 1.48 .12 0.27 4.02 10.13  1.21
5 mm 1.6 3.17  0.19 5.03 5.03  5.03 2.49 6.12  0.40 2.28 4.10  0.97 4.00 5.57 1.5t
5wl 2.8 5.21  1.20 0.62 - - 2.38 3.02  1.21 3.50 — - 4.42 8.26 1.14
Mean 3.27 3.37 6.16 2.77 3.94
i 6.43 1449 1.98 730 211 1.40 8.03 41.09 0.88 2.31 4.01 0.75 8.76 38.18 1.25
2 mm 3.01 394 2.09 T7.60  24.36 1.02 6.06 10.28  0.91 3-58 6.08 1.88 4.86 11.85  0.89
3mm 1.76 1.76 .76 4.57 6.77  2.40 1.42 .42 1.42 12.01 18.97 5.05 2.09 4.20 0.73
WIN. 4 mm it — - - - - - — - 4.24 4.24 4.4 4.91 11.67  0.65
5 mn - - - - — — — — - - — - 1.51 .82 1.2
5mm} — — — - — — — — - — — —_ 0.97 - —
Mean 3.73 6.49 4.17 5.59 3.85
| mm 8.11 = 1.16* 7.36 = 1.57 3.10 £ 1.0 6.5 + 0.8 5.68 = 0.9
2 mm T.49% 1.22 9.06 + 1.6l 3.33+ 1.03 5.46 * 0.68 5.79 £ 0.92
3 mn 6.86 = 1.23 8.13 + 1.81 6.17 = 1.05 6.18 + 1.01 4.81 = 0.8
Annual
4 am 5.46 = 1.07 7.64 £ 1.55 $.12 £ 0.69 4.98 £ 0.39 5.20 + 0.96
mean 5 na 4.01 £ 0.77 7.12 4+ 2.23 3.76 £ 0.79 3.68 £ 0.38 4.25 + 0.97
S5mmi 2.73 £ 0.46 2.10 = 0.91 5.23 % 2.21 2.76 1 0.38 3.55 £ 1.70
Mean 6.39 7.75 6.42 5.50 5.24
*mean + SE
el e 2 F o Bk Aatelegarel 2449 A9 o
AeEd ASe 7123, FEAGAMdE A H FEE 2 2SN 5732 7
SAHANA FAET Aeld WIHAHE e TE NO;~ ¥2& delale 4Ie Hyon
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Fig.5 Seasonal variation of NO, and NO,” in each site
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Fig.6 Occupancy rate of anions in season and each sites
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2 Assd. & s pHa = ok 3
ALNATs) 4VAAE T R E4~E6
2 k).

PdFA9L pH @&# NO,~ 5= (r=-0.
282), SO 5% (r=-0.232) ¢t ztz} HFERE
RIfRE ez, ECel SO %% (r=0.325),
NO;" ¥ =9 SO F=(r=0.772) %= =2
A8 EY A3(p<0.01)E vellic. A
& ClI"7 NO; %= (r=0.334), SO.* (r=0.

392) s}e] Aol zElm NOs~ ¥x9 SO %

& (r=0.801) Atelell A+ ¥ 434 (p<0.01)
& Bgx, 4EAYdME EC9 NO;~ (r=0.
529), SO, (r=0.397) A}e], ClI'z} NO, (r=
0.257), SO (r=0.343) A}o], zg]x NOs-
2t SO (r=0.667)7F Z7 1% ¥ golA
=T AREE By

7252 pHel EC(r=0.301), CI-(r=0.
280), NO3 (r=0.239) 2} 7tz AaAe] 4
3 ECet  Cl-(r=0.504), NO; (r=0.368),
SO27(r=0.552) ol&7kell A#Ade] A&

Table 4. Correlation coefficients for each item in Hannam

Item pH EC C1- NO; SO,
pH — — — 5.052-0.688X  16.271—1.%42X
EC 0.132 — - — 5.3114 0.061X
C1- —0.003 0.102 — — 5.344+0.301X
NO,~ —0.2827 0.233 - — 0.14640.224X
SO, —0.232** 0.325%* 0.175* 0.772*

*pC005 MpCo.0l

Table 5. Correlation coefficients for each item in Guro

Item pH EC ClL- NO;~ S0,
pH — —27.968 +9.924 X —2.900+1.319X —1.169+0.516 X —2.433 +1.917X
EC 0.301™* - 2.513+0.072X  1.053+0.024 X  2.510 40.146 X
Cc1- 0.280** 0.504 ** — 0.945+0.168 X 3.453 +0.863 X
NO,~ 0.239™* 0.368™** 0.369™* — 0.520 +0.181 X
SO,7? 0.185* 0.562** 0.466 ** 0.735™ —

*p< 0.05 **p < 0.01

Table 6. Correlation coefficients

for each item in Bangi

Item pH EC Cc1- NO,~ S0,
pH — — —2.019+1.472X — —2.275+1.612X
EC —0.060 — — — 4.2054 0.098X
c1- 0.190* 0.131 — 0.78140.154X  3.202+40.463X
NO,~ 0.138 0.155 0.43¢4 ** — 0.7814-0.154X
50,2 0.230™ 0.247%* 0.502 ** 0.538™* —

*pd 005  *p<0.01
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o CI"# NO;~ (r=0.369), SO.* (r=0.466)
a8z NO,~¢ SO (r=0.735) Atelelx= v
+ #9988 A#HE el (p<0.01) . =F
who] £ x| el 4 & pHel SO (r=0.230), EC
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eyt et (p<0.01) .
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7] thEo RKigel o e o el o]
7b 917) WEes EBREc)
4. #& B

19884F 1H %8 12H7hA] A} &ihidke] 570 #
EihEEel  BEkel  #al A 2] (S0,
NO,-, ClI) &%®% pH, Electric Con-
ductivity %-& o#rat #Re o453 2.

1. A&l A ks pH # 9= 4.6~5.
0 Abolell A 714 Eo WEAES Jeploern [
ket pH e AS@.3DEU.TD>7HE .
94)>1 5 (5.31) ) JE= 2 vebdw pH e
e sy Hie F& AedaTE dobA
2 gen ofF, 7p&o ulsted AgHe] w9
732k pH WHEZo] 3},

2. S Eiod 1~5mm7R e 27 }$
pH el #WelE 3.7~7.9(37 5.0¢°9 6
mm o]Ae] F47F$E 3.6-7.6(HA 4.91)
2H F£79%e] pH wigFo] i wgk
1=

3. ke pH ko) FHcohl= g vetd AF
& Ada AeAd9aNd pH 4.6~5.0 492
7tz 30.7%, 38.3%°]1™, wWelEE pH4.
1~4.59 #8124 36.3%, F=9 %% pH
5.1~5.59 W24 77t 26%, 30.3%E
eb o},

4. pH 5.6 UFY A= 357
5 86.6%, -2 58.3%, ¥ 85.9%, W
o] 90.7%, AT 85.6% 24 AeA AAZA
= 83.2%492v ol AL 97% d&9
ASH F& FEolgin).

5. ikt AVIHA=E] A7= 27751
0~200.0us/cm). 7} F£&7}$-(1.0~123.0ps/
em) Borx WgEo] wi g v HFEgse 24
(25.30us/cm) 7} F4-9-(18.06us/cm) B} 7
on AR A FrokEEe] whet 3 o
Az Age]l ¥ o Fel w FAeldr}.

6. fizkeh sHAle] 2 FE o AHalelR ¥ EE
z+zt 0.10~50.25mg/13 0.01~15.78mg/12 4
27|75 HEFo] ng an, s
SO, o] =% 7} 6.13mg/l, F%%7} 3.
41mg/le] 3t NOy~ o] 22 2% 1.45mg/l, %
$7F 0.97mg/l2 A Z7|7%$7F Fghew AA
o wetdE KEWH otFatstiel AsAbstE
EE9 v fAR WMES e AR dE
st

7. Wik o) v= =¥ 2772(0.
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Hop HEZEol v HF FF FEE 27
9 (3.60mg/1) 7} F %745 (2.11mg/D) Hv} 3k
o},
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