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Evaluation of Characteristics and Impacts of Rain in Incheon Metropolitan City

Yeong-Seong Jo*, Ji-Eun Lee, Je-Hoon Lee, Myoung-Jin Lee, Hyeon-Ju Lee,
Wan-Soon Kwack, and Mun-Ju Kwon

Climate and Air Quality Division, Incheon Research Institute of Public Health and Environment

Abstract

This study was conducted to investigate the data of data collection system and the
measuring results of acid rain for the purpose of understanding the actual condition of
acidification. The acidity decreased from high states in the early stages of rain, and the
coastal areas had lower acidity than the urban areas. The acidity was proportional to the
anion and inversely proportional to the rainfall. The enrichment factor of heavy metals was
severely contaminated with trace elements, and the equivalent concentration ratios of anion
was SO 41.6%, NOs 38.0% and CI" 204%. In future, the damage to acid rain should be

reduced by implementing a policy to reduce acid rain.

Key words : Acid precipitation, Acidity, heavy metal, enrichment factor
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ZAGES Y7242 A-£JAHAA AL YE FEE 12

&&= (Pb, Cd, Cr, Cu, Fe, Mn, Ni, As, Be, Al, Ca, Mg), o] &
{¥Fol&(Na*, NH,", K', Mg, Ca®"), 2°]2(Cl, NOs, SO},
pH, Zel tste ZALS a3 Ao

ZAAR S =EAAGR] F2(@5T), $H(ET), A3-dFHH)H =A

st Al Fefi(dstx)ol M AR ™ (Fig. 1)o AR XS e

Fig. 1. Sampling site for the study
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NMO 191 (EIGENBRODT, Environment measurement systems)}Z 7455
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311 JAFAG Ao tigt AALE WE Fo] A
il

2 d7e Jd B A= 5SS LdotR Y] f8) 107hY 3
e FE Adeste] Azt 58 HFoz =R A5 AALH
HEFolEs AT

A9z 54 detetr] A8 =AAY(FE, $4, 43, 99T =MAY
(Fahez FEst 5AKS AdAstA e, AALE HEFolE (Fig 3, 4)
2 (Table 1)dl YEtHAT pHE %7] 58744 pH 472 7174 @ow A

=~ 4
A EobA 55870l pH 5774 A5t ZHe He
Ax o g spstel hAstE Y. A 716 G2

10

K3
P
pH A3l 7lelshs A% Bdo] dvka FEA ATHEEF, 2003).

90.0 8.0
E 80.0 Z2EHEH) ——TFITECEE —f—pH I
g F0.0 7.0
m 60.0
i<d 50.0 0
L " -
?‘_.EJ 40.0 o . o‘"
E 30.0 ’
E
I 200 4.0
:_E 10.0 /
0.0 —— 3.0
2.0 4.0 5.0 6.0 7.0 8.0 9.0
AlZHhr)
T s = 10+ 55% | 100+ | 4208 | 480%
pH 4.8 4.7 4.8 5.7 54 54 53
ANAEE
(uS/cm) 41.1 80.8 24.7 13.0 7.8 24 2.0
o gk
(-?éﬂj—nim) 0.2 0.7 1.2 41 5.6 18.4 20.5

Fig. 3. Changes in pH, electrical conductivity and rainfall.

A7NAEE= % 27] 411 uS/cmol X G453t 58749l 80.8 uS/cm
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K ikly E0 Bl opz 501
o2 AHE AL T F47] st 102740l 247 uS/ecmES YER AL
¥ A4 st 43S Jesinh AREA A%, 35 2]
S pHe &9 A33A, 71355 59 Ao, 1
S BT 29 AATAAE et
o0 2.0
E B80.0
fg- Fo.o 7.0
]
i 60.0
Fed 6.0
EJ S0.0 :E_
[
.E. 5.0
£ FI0.0
=
w0 20.0 4.0
:J-E 100 __*
0.0 . = | 3.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
AlZHhr)
TR 0% 55 [ 108 | 305 | 558 | e5® | 100%
pH 48 47 48 52 5.7 56 54
ANAEE | 0 | g08 | 247 | 168 | 130 | 125 7.8
(uS/Cm) . . . . . . .
1o ar
NCNEE 0.2 0.7 12 28 41 45 56
(74, mm)

Fig. 4. Changes in pH, electrical conductivity and rainfall.

Table 1. Changes in pH and electrical conductivity by rainfall time.

T 5% 10+ 20+ 30+ 40% 50+ 5534
(A 0.7 1.2 2.1 2.8 3.4 3.9 41
A7NIHMEE 80.8 24.7 17.4 16.8 14.6 13.1 13.0

pH 4.7 48 5.2 5.2 5.5 5.5 5.7

T 65 80+ 90+ | 100% | 110% | 120+
-2 (CFA) 45 5.2 5.6 5.6 6.1 6.8
ANAEE 12.5 11.1 11.9 7.8 6.8 8.0

pH 5.6 5.1 4.9 5.4 53 5.1

o Z5-%F vs. pH: 27| 554 0.98, 1~2A1ZF -0.68
FBA S o - vs. A7IHAEE: 27] 558 -0.75, 1~2417F -0.82
= 0.2~04(59), 04~0.6(3%), 0.6~0.8(%), 0.8~1.0("+=2)
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1 TH5E5Y  F3HA 4 (Enrichment
Factors, EF)E A=A THHT5, 2007). &5 5 F3ATY ik
EF = {(X/Yav)rainwater/(X/Yar)crust}Z 7] A (X/Yar)rainwater= 75
a5 X B AlY §&H, (X/Ya)cruste AGEDS) T 585
FTEHE 47 YEbdt(Duce, R, A, 1975). &
(Table 2)9} Zo] AHEAF4, o]2gtd st g

z

P
RS gol B24E 94 LAY oF FPo] T A0 W

(%9: mg/L)

o Be Mg Ca Cr Mn Fe
TEEETE 24 23,400 41,060 158 980 52,160
(X/Yar)crust | 0.000030 0.286554 0.502817 0.001940 0.012001 0.638746

& Ni Cu As Cd Pb Al
TEEEE 111 70 18 0.14 13 81,600
(X/Yar)crust | 0.001359 0.000851 000002 0.000002 0.000155 -

% A% F3% FEANLATE, o2gd 33 L % 5 o5 Fx)

FetAl+E AFS Duce &
1~102 3RS EY
10~1002 A Z+e] Al ez ET 739 ARzAo
A= Z&H, EF 100 o]/ 17r&Ed o3t S

A
Bagelst e Ee Ao Polsgnh
o

(v
o
(@)
o
Z
>
—_
O
N
S
flo
-z
ol
ol
)
4
2
™
3
o,

2
A2k T TEE F of YR 7817 <= (Enrichment
Factors, EF) gkolth. AWtz oz 191 4o gle 3% A= <l
g MAE=EE B F gloy dngFo 71 o8 7HA A9H



Wl oste] ol B F&EErt SUbskal e AAolu. FetAl Y
o] ZlIE=2 A2 EYAA A4 o] AF AL ffie]r] WEl
EF B ALY Hikoly 7E =84 A&l os) TAEH. wepq A7
ZAH vz AdH FHil AEES 2EE EF g5 HolXuh I9jHo =
A E = HEE EF o] =2 53e HAY 59 55 FeAs
He FHEE gk dxrt e O Ag 3 AEX= Cd > As > Pb >
Cu > Be > Mn > Ni > Mg > Cr > Ca > Fe Toldth AAFo=z 2AY

+ AL FHEdAEE ¢EHZ Fe, Mg 2 Ca9l vlawsle Cd, As, Pb, Cu
Aio] FepAF7E dud oz wie g ol A
(Table 3)ollA H= uniel o] 193 &sgog 7] & =7} S7Fsta
A EtE FetAlaR BlE dsdte AR FAME + A 4 d

2~¥ZE Fe, Ca ¥3HAIF7F 10 o|3tZ uwl-¢- FA H3t=o] 031, Be, Mg,

s A4 mF

Cr, Mn, Nit= 10~1002.2 °Fzt F3l& o] glem, Cu, As, Cd, Pb= U913
ez Aztshl FakEo] Y Ao B = ok
Table 3. The enrichment factors of heavy metals in rainwater.
(¢ A5 eS5ue/L, W7TaSE peg/m)
3} = Be Mg Ca Cr Mn Fe
T4 % | 0.0075 | 114.0150 | 44.1767 | 0.3351 5.3263 | 43.3386
FE th~] | 0.0000 0.1383 0.4208 0.0032 0.0201 0.5281
AR 21.7 15.9 2.6 12.2 19.0 1.1
= 2=
F3HA 4
7] 0.0 1.7 3.0 6.5 6.0 3.1
= Ni Cu As Cd Pb Al
Ta5H 49| 04278 1.3767 0.3863 0.0436 0.7231 45.8087
o 7] | 0.0025 0.0207 0.0026 0.0006 0.0169 0.2803
A2 18.6 115.3 925.7 2317.0 231.2 -
H = 2=
F3HA 5
o) 7] 7.1 95.9 439.1 1,336.9 4153 -
¥ FeEsASE AMASIESAY AR, dVRsHleE TEESAY 9 A(PM10)
ARE AME
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‘mo

6.1
6.6
6.2
6.0
6.5
59
6.4
51
5.7
5.8

6.2
5.8

57
6.1

6.0

1914
122.7

fi%e)

e

6.8
6.5
6.1
6.0
6.3
6.1
6.6
54
5.8
5.8
6.1

6.2
5.8

6.7

6.1

6.4
6.9
6.2
59
6.6
5.8
6.3
5.7

5.7
5.6

6.2
6.0

5.7
6.4

6.0

6.2
5.7

6.1
6.6
6.1
6.3
6.3
7.0
6.4
5.0
5.7
6.4
6.2
57
5.8
6.1

5.9

™
Ao

6.1
7.0
6.3
59
6.9
59
6.3
54
57
5.9

6.2
6.0

5.7
6.1

6.0

Table 4. The half-yearly pH and anion concentration.

pig

1r1_
—t—
file)

4
4o

5.7
6.6
6.9
6.8
6.4
55
6.6
4.9
5.7
5.7
6.6
53
5.7
5.8

5.7

5.9

Table 5. The monthly and regional pH.
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Table 6. The monthly electrical conductivity, rainfall and concentration

of ionic substances.

(&9 A71FAEE pS/cm, °]2=4 peq/L, - mm)

T 19 | 2¢ | 3¢9 | 49 | 5¢ | 6¥ | 79 | 8¢ | 9¢ | 10¢¥ | B
pH 6.1 6.6 6.2 6.0 6.5 59 6.4 51 5.7 58 6.0

A7I|HAE% | 314 | 764 | 103 | 9.7 79 | 151 96 | 173 | 231 | 26.7 | 135

A 412.0 | 1,0853 | 629 | 448 | 528 | 3133 | 96.2 | 235.6 | 153.4 | 328.7 | 116.6

=
A 10.5 12 | 589 | 482 | 642 | 85 | 514 | 122 | 463 | 12.8 | 3141

7% vs. pH: 1~102 0.29

A vs. A7AEE: 1~10€ - 0.65

H vs. A7|AE%: 1~10¥ 0.28

7IAEE vs. o] 2E4: 1~10€¥ 097

ABAGE 1 02~04(52), 04~0.6(2F), 0.6~0.8(3%2), 0.8~1.0("1$-=2)

o

o O O O

Be:)

3131 o|2=39 AFF 54

& A
S 18 B5F tE FFEAE T (Table 7). 2A17)7F F9
8 ol A WF AeF Ut B =5 UEd Aotk

2ol AELS NOs 1.079 mg/L, SO 0913 mg/L, CI' 0331 mg/LE
NO; > SO > CI' £22 Yyepon, ol A&S Na’ 0499 mg/L,
NH;" 0460 mg/L, Ca*" 0.228 mg/L, Mg>" 0.116 mg/L, K 0.096 mg/LZA]
Na® > NH," > Ca*" > Mg®” > K' +£22 Uyeuth Zt 35 o2 4%
FTE HYE HW 2ol AE T NO;E 0507 ~ 10422 mg/L, SO&
0.504 ~ 7510 mg/L, CI" 0.000 ~ 5761 mg/LE YERH I Qom, o]
AR 5 NHSE 0.098 ~ 4811 mg/L, Na* 0.159 ~ 3.196 mg/L, Ca** 0.027
~ 2954 mg/L, K* 0.017 ~ 0.594, Mg** 0.030 ~ 0.589 mg/L2] =S e
Wl o

- 12 -



A o]2A4FE TEE Wus EY NOy, SO = £, $5 A gelA
M EA debgton], AdeA Blad v Yekth e £, 4,

Fofoll M WA =A yEsten, A3, dgolx WA YEET. Na',
NH,", Ca®& $%, ¥, $dA vluz =4 deson, 99, A3

A A dERg T Mg®, KPS o vl=g hed 9ol Hlad =

UHERS T
EF SAAY WM o248 E =S W] HE, e A GeA

ol AE2 NOy > SO > A9 wo2 yetgth Fole AL &

T-A38-43 AHANA Na* > NHy" > Ca** > Mg™ > K'9] 2.2 YEely

on, $3l-$% AHL NH, > Na" > Ca* > Mg™ > K #2922 YER

o kA o2 NOj, SO, NHy'E A91ZQ] Mo 2R F2 #1050,

Na', CI'e g2 RE Fdth 258 -Ff< vyl 2 A9e=

Aol Bl diol2e] A dehde Ae AT ¢ ew, o=

AHAI 9] 950 & vidd AS= & 4 Ut(Table 7)

Table 7. The regional concentration of ionic substances(mg/L).

AT pH | O | NOy |SO2 | Ca” | Mg | Na' | K' | NHY | £ole | gole
T= 57 | 0428 | 1.321 | 0.974 | 0.227 | 0.121 | 0.606 | 0.087 | 0.574 2.723 1.615
4 6.0 | 0376 | 1.028 | 0.964 | 0.249 | 0.122 | 0.508 | 0.103 | 0.515 2.367 1.495
3] 59 | 0221 | 0905 | 0.824 | 0.167 | 0.112 | 0470 | 0.098 | 0.293 1.950 1.140
SeAcH 6.0 | 0.250 | 0.784 | 0.685 | 0.202 | 0.114 | 0.389 | 0.098 | 0.338 1.719 1.141
%3l 6.1 | 035 | 1.353 | 1.057 | 0.273 | 0.112 | 0.523 | 0.092 | 0.539 2.766 1.538
&= 6.0 | 0331 | 1.079 | 0.913 | 0.228 | 0.116 | 0.499 | 0.096 | 0.460 2.324 1.401
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3133. o] &R 4 FEWHS
(Table 8)& °] 24 Fx AHMA WIEAS 2Hwy] 93t 4 =

AAR) A 7}

=
F AART S5 okl ek Rolth AL, 7L, oIF, ¥ £02 4
47 WE 542 Y ok 9EE Soles ol 1-28d o
& %A Uehdtil 39 ol F WA dehbe WE 54 Uehia vk
oJE AWH EHOE 1~ 290 BAE ALY ARFOE FT 29
24 74 59 9o 35/ /MY 9EE AL ALE #9
9 g 3gow B At ¥Est FolAE Aow B 5 v

Table 8. The monthly concentration of ionic substances(mg/L).

3}

g f pH | CI' | NOy | SO | Ca®* | Mg® | Na" | K | NH, | 0] | &o]&
1 61 | 1773 | 4.401 | 3272 | 1.109 | 0.179 | 1.124 | 0.068 | 1.834 | 9.446 | 4314
2 6.6 | 5.761|10422 | 7.510 | 2.954 | 0.459 | 3.196 | 0.245 | 4.811 | 23.693 | 11.664
3 62 | 0199 | 0.662 | 0.703 | 0.153 | 0.051 | 0.159 | 0.048 | 0.213 | 1564 | 0.625
4 6.0 | 0.072| 0.691 | 0.553 | 0.027 | 0.037 | 0.224 | 0.017 | 0.098 | 1.316| 0.404
5 6.5 | 0.000 | 0.760 | 0.504 | 0.079 | 0.030 | 0.395 | 0.039 | 0.098 | 1263 | 0.641
6 59 | 0158 | 1.348 | 1.585 | 0.974 | 0.589 | 1.103 | 0.594 | 1.675| 3.091 | 4.935
7 6.4 | 039 | 0.507 | 0.642 | 0.189 | 0.160 | 0.632 | 0.106 | 0190 | 1.545| 1.276
8 51 | 0382 2919 | 1.005 | 0.445 | 0.201 | 0.550 | 0.175 | 1.611| 4.307 | 2.981
9 57 | 0499 | 0.915| 0.997 | 0.250 | 0.197 | 0.731 | 0.180 | 0.692| 2410 | 2.051
10 5.8 | 1.092 | 3.434 | 2.994 | 0.487 | 0.207 | 1.040 | 0170 | 1.602 | 7.520 | 3.506
B 6.2 | 0.089 | 0.707 | 0.586 | 0.090 | 0.039 | 0.266 | 0.036 | 0.138 | 1.382| 0.569

oAE 58 | 0.366 | 1.013 | 0.814 | 0.324 | 0.217 | 0.673 | 0.175 | 0.604 2.193 1.994

7+ 57 | 0.628 | 1.462 | 1.430 | 0.302 | 0.199 | 0.798 | 0.178 | 0.889 3.520 2.367

6.1 | 2178 | 5.012 | 3.702 | 1.296 | 0.207 | 1.335| 0.086 | 2.136 | 10.892 5.060

)

ot
M| o

6.0 | 0331 1.079 | 0.913 | 0.228 | 0.116 | 0.499 | 0.096 | 0.460 2.324 1.401
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(Fig. 5)° Yetdl<=d +
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] 74

204 %= e
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T

NO;s; 38.0 %= H]Eo] HkoH, CI

0w 77

<
o

NH;7} 355 %2 7P %o, Na+, Ca**, Mg*, K*
30.2 %, 159 %, 135 %, 3.4 %< vHE=Z e}

N =

Nas  ®Ke  spH, +

whdge+

B+

e SOﬂ -

N0y -

uCl-

Fig. 5. Composition ratio of ion equivalent concentration in precipitation
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Table 9. The monthly concentration of ionic substances(ueq/L).

. FF | oH| o | NOy | SO | ca | Mg | Na* | K | NHS | Sole | gole
1 61 | 49.943 | 70.984 | 68.171 | 55.456 | 14.891 | 48.890 | 1.735 | 101900 | 189.098 | 222.871
2 6.6 | 162282 | 163,001 | 156457 | 147.701 | 38.249 | 138956 | 6.274 | 267263 | 486,830 | 598.443
3 62 | 5595| 10.684 | 14.648 | 7.675| 4274 | 6917 | 1236 | 11.844 | 30.927 | 31.945
4 60 | 2039 | 11140 | 11524 | 1368 | 3.081| 9.753 | 0434 | 5462 | 24702 | 20.098
5 65 | 0.000| 12251 | 10495 | 3926 | 2474 | 17181 | 1013 | 5453 | 22.746 | 30.046
6 59 | 4462 | 21.734 | 33.021 | 48.706 | 49.100 | 47.970 | 15219 | 93.066 | 59.218 | 254.061
7 64 | 11164 | 8177 | 13377 | 9433 | 13324 | 27481 | 2706 | 10.535 | 32.718 | 63.480
8 51 | 10767 | 47.087 | 20.946 | 22240 | 16736 | 23.893 | 4.485 | 89.494 | 78.800 | 156.848
9 57 | 14.048 | 14.758 | 20.763 | 12.501 | 16.453 | 31.800 | 4.627 | 38.431 | 49.569 | 103.812
10 | 58 | 30761 | 55390 | 62379 | 24355 | 17.227 | 45205 | 4370 | 88.982 | 1483 | 180139
2| 62| 2497 | 11400 | 12212 | 4495| 3263 | 11563 | 0927 | 7.653| 26109 | 27.901
&g | 58 | 10310 | 16338 | 16.963 | 16208 | 18.103 | 29.282 | 4.477 | 33560 | 43.611 | 101630
7ve | 57 | 17677 23583 | 29.802 | 15.075 | 16.621 | 34711 | 4572 | 49.410 | 71.062 | 120389
A% | 61 | 61342 | 80.837 | 77.130 | 64.816 | 17.261 | 58.029 | 2.195 | 118680 | 219309 | 260.982
HF | 60 | 9333 | 17.407 | 19.026 | 11415 | 9.701 | 21711 | 2474 | 25581 | 45.766 | 70.882

AR gete AdE A9
AHAAE FAHst=H g HAAHo=AN 7 & 7F AHAEAS s
[t (Table 10)> 2% 5 ol=4w9 & T A4#AEA AHE UedA
RS ZA SO, NOs = Ca*, Na', NH ¢ 09 o]A4e] & AAAAE U
=, ol A% FolA SO, NOsye A4S -4 & AA =
oF Emd, Mo 544 Aol sl A= Ca*, Na“, NH. 9} 09
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