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Abstract

A comparative study on the chemical compositions of precipitations from February 1993
to April 1993 in Sungnam city of Kyunggi province, Inchon city, Kangneung city of
Kangwon province, and Chongwon-gun of Chungbuk province has been performed. The
metal cation and anion concentrations were measured by atomic absorption spectrometer
and ion liquid chromatography, respectively. pH/lon meter and direct nesslerization method
were used for the concentration measurements of H and NH4 ions, respectively. The
quantitative orders of the cation and anion average concentrations, correlation coefficients
between the ion concentrations, and pH values are used for chemical analysis on the
environmental pollution and pollutant sources in the urban, surburban, seaside, and rural
areas of the Korean Peninsula.

Key Words : Chemical compositions, Correlation coefficients, Environmental pollution.
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Table 1. Chemical compositions in precipitation of the suburban area of Sungnam city, Kyunggi province {rom
2/1993 to 4/1993, ¢ M

Date | pH | [H] | Na| KT |IMg"1|[Ca”}|INH, 1| [CIT | INOsT[SO™ )| SN | £°° | °° | Total’| Type
93216 | 447 3383 | 391| 6650 165 | 2370] 816] 339| 1516 2415} -1970) 23815| 6685)30500| Rain
93321 } 471 1950 | 217] 4092) 123 | 1622)171.86| 649 597 138 |-1319| 26935! 4016}30951) Rain
03322 | 603 093 Rain
93324 | 559 257 | 4785 |22252) 2098 [349.30] 116.42 | 90.01] 5678 | 211.01] 36238 | 112092] 57781 170772 RaiL
93331 | 664 023 | 4785] 8440 2057 |324.35] 23839 | 78.14] .33 |21840| 28374] 106071 | 60027 (168098 Rain
93410 | 479 16.22 | 200.09 |434.80) 40.32 |374.25) 349.27|300.44; 160.82 | 271.70 | 36495 182952 | 1004.66 |2834.18 | Rain+Snow
93422 | 892 | 1.20E-03| 369.73 | 4860 3168 |324.35| 21067 | 87.17) 11114123381 | 368.091341.06| 66593 |200699] Rain
93424 | 900 | 1.00E-03 36538T G2.08] 3168 1399.20| 149.69 | 4429 86.13|227.151 390.74 | 146891 | 58472206363 Rain
Average | 627 | 917 1431414140 21.16 |258.77| 18349 | 8342 | 7448 |171.44 | 222.86 | 104823 | 505.77 |1564.00 —T
St. Dev.| L70 | 1187 |151.76132.38] 1397 15304] 81.86 | 9340 | 50.11 98.le99.58 55328 | 317.21 | 865.00

SNN = 2[SO7 + [NOsT - INH(L, °T7 = [H'] + [Na'] + [K'] + 2[Ca™] + 2lMg®] + [NH1, T = [CI] +

(NO; T + 2(SO47]),

“Total = ¥’ + ¥

potassium tartrate solution (300 g/L), 1 mL¢) A% & AdolM £ ZE FFEY pH #
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Table 2. Chemical compositions in precipitation of the urban area of Inchon city from 2/1993 to 4/1993, u M

Date

pH

[H]

[Na’l

K]

[Mg”]

[Ca”]

[NHy]

[CT]

(NG5 ]

(SO{*]

SNN’

z“b

Z'C

Total* | Type

93314

424

S5TH4

2131

22163

6.17

3743

10634

2313

371

70.23

68.83

499,02

197.30

696.32 | Rain

93331

203

9.33

113.09

13811

1563

11477

27119

162.77

11533

16552

169.18

79852

609.14

140766| Rain

93410

467

2133

Rain

934.22

9.24

580E-04

38713

25607

6.9

74.85

12752

3301

3871

7172

%63

70340

21516

91856 | Rain

Average

580

2206

17384

130.27

960

75.68

170.02

7297

6258

102.49

9755

666.98

34053

1007.51

St. Dev.

2.01

21.84

15540

82.88

428

3158

76.32

63.63

37.3

457

50.98

12495

190.07

297.14

°SNN

[NOsT + 2(SO/1,

>

ot o) S o
S

>
fo ot P o IR i o
>

o o) 2 oXx
=1

A

>

>

SOs&

NOs

= 28047 + [NOsT - [NH4,
“Total = ¥

+ Y.

bz+

= [H'] + [Na

YA Ca® >NHy >Na' >K' >Mg” >H
}: Na' > NH, > K >Ca” >H >Mg"
]: Na’'>NH, > K >Ca” >H > Mg*
Na >NHs >Ca” >K >Mg" >H’

8 golege

Yo v A7 €4

> CI” > NOs
SO > CI' > NOy
> S04 >
ClI” > SO

Ccr

> NO3

ol2§ 7] Wo A A ol 5]

Table 3. Chemical compositions

2/1993 to 4/1993, «M

&
#7309 8
LH =

e AL =AY B5F

Bol NaCle] od&j7tx Azz $4450] 9

ey 2= Aot FEAY

Fol2EY BE ¥EF
%ol EAst

sjereg HE HAMFo

]

FolA Na™ olo] 7}
£ AL 3% #7 10EL A
#ol 97] Wed ol

7+ [K'] + 2[Ca™] + 2[Mg™] + [NH,'],

ol

2= [Cr] o+

HpntE o]

oY, UIO

Bazel

in precipitation of the seaside area of Kangneung city, Kangwon province from

‘10 N{O o,

2zl A7t 2 A9 Adg
A3y Az 4e Aol gl
Zz3 ok Asje A el H A
FEA EF ofol2EY H

9} o} #
FEE FA Na' o] 2o 71F go] EAsty A
v

F

Ry

Date |pH|[H']|[Nal| [K'] |[[Mg*1{[Ca"] (INH/11 0] 1IN0y (5051 sawe [ 82 | 5 ¢ | Total® Type
93. 2.06 |466|21.88{121.79] 6394|1934 | 69.86|243.94]163.90|291.95| 278,57 L 605.151629.95 1012991 1642.94 Rain
93. 216 |1438]4169| 348| 2251) 082! 749 1883| 536 1145 36.85! 66.27103.18| 9051 19369 |Rain+Snow
93, 3.06 {450(31.62| 91.341 61.38] 946 | 6.24]99.79 |137.10]925.86 | 434.10 {1694.27 {31553 |1931.16|2246.69 | Rain+Snow
93, 3.14 [4.07|85.11 |165.29|125.33 | 21.39 | 47.41 |155.23]193.24|150.33| 123.46 | 242.02(668.56| 590.49|1259.05 Rain
93. 3.24 1430150.12 | 117.441109.98 | 1851 | 24.95] 72.07:189.29| 50.00| 79.74 | 137.41]436.53 | 398.77| 835.30 Rain
93, 4.11 [450]26.30 (16094 | 194381 864 | 1248 7762134.28| 2049| 2644 | -4.25 50148 20765| 709.13 Rain
93. 424 1741] 0.04[20009| 21.74| 1358 [122.26 |160.78 62.63; 65491 102.43 | 109.57|654.331 332.98| 987.31 Rain
Average |483(3668 [ 12291 8561 | 13.11 | 4153 |118.33]126.54|216.51 | 15451 | 407.21 |472.79 | 652.08 | 1124.87
St. Dev. |1.07] 2463 | 59.15 | 5747 | 6.77 | 33.42 | 6863 | 64.06 | 303.17| 137.88 | 566.77 | 192.53 591.48 | 61963

"SNN = 2[S0,] + [NOs] - [NH/Y, "%
[NOs] + 2[SO.],
“Total = 3" + %"
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Table 4. Chemical compositions in precipitation of the rural area of Chongwon-gun, Chungbuk province from
2/1993 to 4/1993, M

Date | pH | [H] | Na'l | K |[Mg™]|[Ca™)|INHT| [CIT |INOy1|[SOZ Y| SNN* | £'° | T © | Total' | Type
93216 | 427 .70 826| 537 041| 749/1496%] 790| 919} 1957|-101.36| 23282| 56.23] 28905 | Rain
93216 |442 B2 Rain
93217 1772 0.06 Rain
93221 |492 12.02 261 128 000) 374/12197| 339, 919 1551| -8L76} 14536| 43.67| 189.03 | Rain
93223 | 705 0.09 | 134843 |127.88| 135,77 {169.66| 83.16|1800.08 | 193.88 | 23360 | 58292217042 | 2466.16 | 4636.58 | Snow
93315 |510 7H Rain
93324 1633 012 | 1044| 997 206] 1946 6653| 762| 2484| 4258 | 4347} 130.10| 11762| 24772 | Rain
93325 |84l 400E-03 Rain
93422 | 723 006 | 11309| 2.07) 69| 748|12751 | 27.36| 5242 |11566| 156.23| 42941 | 311.10| 74051 | Rain
93428 | 450 3162 | 2610| 1023] 494| 2094/ 13860 | 1862) 2323| 4008} -3521| 26021 | 12201 372.22 | Rain
Average | 606 1436 | 25149 12997 | 2503 | 5086 | 11458 | 31083 | 529 | 77.83 | %406 | 55972 | 51947 [ 107919

St. Dev. | 148 | 1864 | 49201 {4440 | 4959 | 5804 | 2080 | 66606 | 6683 | 77.07 | 23495 | 726.90 | 87497 | 160092

"SNN = 2(S0¢”] + [NOy] - INHy), "2 = [H] + [Na'l + [K'] + 2(Ca™] + 2[Mg”] + [NH], T = [CI] +

[NOs] + 2[SO4&),
“Total = ¥ + 3.
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Table 5. Correlation coefficients between the ion concentrations in
Sungnam city, Kyunggi province from 2/1993 to 4/1993

precipitation of the suburban area of

[H]1 [Nal [K7 [Mg”] [Ca¥] [NHS1  [Cl] [NOsT  [SOS] SNN°
[H'] 1.0000
[Na'l | -05513  1.0000
K] -0.0402 00498 1.0000
[Mg®] | -06175 0.7688 05877 1.0000
[Ca”] | -08061 06440 04686 0468 1.0000
[NH,'1 | -02080 02838 06315 05213 04575 1.0000
[l -0.1268 02544 09306 07532 07298 08374 1.0000
[NOs] | -04629 06459 06596 01072 08137 08166 08578 1.0000
[SOZ] | -07524 06401 05312 09530 09803 05866 06876 08991  1.0000
SNN* | -07704 06693 04287 09063 09802 03715 05478 0799 09681 1.000

*SNN = 2[SO4#] + [NOs] - [NH4'1.

AEHASH, olAE FA ¥ AP HEEHA
e COY¥ Soled SojA #7180 oAY
Aol A% Fol 7] &Y Aeltt

AurAQ HigtEY CI o] ¥xo g Na’
ol Fx9 H|(Na'VICI')7k 08622 HI
(Brewer, 1975) Ho] lemz 714E9 ugE
gdg ol H7] M ® 3-622 £ CI 9
£ g Fxo U Na” o} HF vx2 H(F
T NaVICIDE Assl 21, Al 168,
HAA= 238, AEA= 097, 181 9L 081
ojtt, AMsjetel Hal e E=AAT FHEA}
me oHAY NSEWA YHEAC AE A
GAle] Hi [Na'VICI] #eo] &4 2.38% 1682

Table 6. Correlation coefficients between the ion concentrations in

ol EAAYHY HFoe Na o] HIRE
HEiA HA o Bol £FHo St} o]RL o]F
EANAY FAFe Na ol 3] NaNOs,
Na;SO4 NaxCOz &3 22 3lIgEE 7€

Y Aot zgx FtA HA de BF
A9 B3 [NaVICI] gkol 0972 Al Ze
Tt A4S FHFHoE w1 Qe AL F
o F31 Ut wde] w2 g " Hold
FEF WY F2AY] HEFY o
[Na'VICI'] gke] 08lE wintE &S UHPHo=
By 9SS & Ui F3 Qled, olAL 4
F3 71EN MEttez RE HAFo Bol ¢
7l JEY Aoz AR,

precipitation of the seaside area of

Kangneung city, Kangwon province from 2/1993 to 4/1993

H] [Na)  [K] [Mg"] [Ca%) INHy]  [C1] [NOs] [SOS 1 SNN
[H] 1.0000
[Na'] -0.1633  1.0000
K] 03624 03817 1.0000
Mg”] 03417 06289 02470 1.0000
[Ca®] 04424 06503 -03845 04561  1.0000
(NH,'] -01885 05584 -0.1014 07331 06811 1.0000
[CI] 04638 04503 06086 08265 -00691 04250 1.0000
[NO3 ] -006%0 -00512 -0.1987 -00167 -02394 00166 02090 1.0000
[SO&] -01390 -008% -02830 01661 -00466 04139 02818 09538 1.0000
SNN® -00792 -0.1921 -02359 00151 -02394 01698 02010 09974 09630 1.000

“SNN = 2[SO/T + [NOs] - [NH,'].
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Table 7. Correlation coefficients between the ion concentrations in precipitation of the rural area of
Chongwon-gun, Chungbuk province from 2/1993 to 4/1993

[H7 [Nal (KT [Mg®] [Ca®1 I[NH1 [CI]  [NOs1 [SO&] SNN®
[H'] 1.0000
[Na'] ~0.3883  1.0000
K] ~04251 09954  1.0000
[Mg?'] ~0.3753 09991 09925  1.0000
[Ca®] -05052 09429 09684 09330 1.0000
[NH,'] 0.7861 -0.4600 -0.4697 -04671 -0.4131  1.0000
[Ccr] ~03613 09978 09330 09968 09199 -0.4687 1.0000
[NO; 1 -04708 09892 09982 09850 09791 -04867 09787  1.0000
[SO:] -05425 09332 09613 09215 09975 -0.4444 09084 09740 1.0000
SNN* -05957 09521 09742 09440 09853 -05568 09338 09852 09895 1.000

*SNN = 2[S0.5] + [NOs] - [NH'].
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