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A Study on Coliform Contamination and Chemical
Values of Wells in Seoul Area

Nam Joon Chough
Microbiology Division

=Abstract=

This survey was carried out to investigate the pH value, nitrogen(nitrite, nitrate), ammonia
nitrogen, chloride ion, and hardness as chemical analysis and qualitative coliform test of the welk
water which were not detected the residual chlorine in Seoul city area during the perido from:
March 1976 to February 1977, and to observe the differences for the each month and district.

The results obtained were as follows:
. The positive rate of coliform group was 65.74% out of 683 wells. And the rate showed the-

—

difference among each month, and each district.

2. The positive rate of nitrite nitrogen revealed 70.57% of the all, and that of ammonia nitrogen.

was 36.75%, and 28.55% were ammonia nitrogen and nitrite nitrogen positive at same time.

¢. An average of pH value was 6.48 £0.08, and the cases of more than pH 8.0 in Korean
drinking water standards were limited of 2.34% of the all. The differences among each month,
and each district showed statistically significant (p{0.01), respectively.

4. An average of nitrate nitrogen was 3.77:+0.60 ppm, the cases of more than 10.0 ppm were
limit of 14.35%. The differences among each month, and district were highly significant
(p¢0.01), respectively.

5. An average of chloride ion was 49.47+7.00 ppm, and the cases of more than 150.0 ppm.
were 4.83%. The difference among each district was statistically significant (p{0.01), but it

was not observed among each month.
. An average of hardness was 106.49+11.66 ppm, and 4.3% were found over 300.0 ppm. The

f=})

dif ference among each month was significant (p{0. 05), and each district showed hignificant (p<0. 01)
7. The interrelation between chloride ion and hardness of wells revealed the positive correlation
from the coefficient of it as showed as r=0.69 and p{0.01.

8. The well sujtable to drink was 1.04% of the all, in cases of need for disinfection were
44,51%. On the other hand, the unsuitable welis to drink with chemical pollution showed
54.45%.
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Tabdle 1. Distribution of Colifor in Relation to Nitrite Nitrogen

and Ammonia Nitregen with Each Month

\ . NO,-N Negative Negative Positive Positive Total
N Cohf“m . NH;-N | Negative Positive Negative Positive “
\Ionth ﬁ \ ! No. % No. % No. % No. % No. %
e
7 R ... o B 5 _
Mar. (43) # | 2 A 6 13.65 3 6.98 5 13.95 17 39,52
- 1w 3% 7 16.28 4 930 51163 2% B017
APT. (92) .+ | 12 13.04 4 4.35 23 2500 20 21.74 59 64,13
; - i 8 8.70 2 217 10 10.87 13 14.13 3 BoUsv
May 39) |+ | 2 34 = — 16 29.63 17 31.48 35 6151
N 't 3 55 6 111 6 1L 11 19 3519
: !
Juooen L4 | 130 1383 6  6.38 32 34.04 24 25.53 75 73.79
N 2 213 14 14.89 3 =ia 19 zi.21
Jul (63) |+ |12 1905 — — 32 5L.79 5  7.94 . 49 77.78
A - - 7 11l 1 1.59 la 2237
SAug. (70) | 4 14 20.00 1 .43 24 34.29 12 17.14 51 7285
: 5 7.14 1 .43 6 857 7 10.00 19 27,14
Sep. (58) 4 4 5.89 e — 19 32.76 18 3L03 41 70.69
- 2 3.45 1 L7212 20.69 2 3.45 . 17 29,31
‘Oct. (48) + 1 2.08 2 417 20 4167 1 22,92 ! 34 70.84
- 6 12.50 - — 7 14.58 1 2.08 | 14 2918
Nov, (50) | 9 18.00 - — 1l 22,00 12 24.00 | 32 6100
- 3 6.00 5 1000 & 16,00 2 4.00 ¢ 18 35.00
Dec. (19) + 5 1020 3 612 8 16.33 11 22.45 . 27 35.10
e - 7 1429 3 612 8 16.33 1 816 | 22 14,90
Jan, (32) s 7 21.88 2 625 3 938 4 12.50 | 16 50.0¢
- 8  25.00 1 313 5 15.63 2 6.25 | 16 50.00
Feb. (30) + 1 3.33 3 1000 4 13.33 5 16.67 | 13 43.33
- 10. 00 4 133 5 16.67 5 16.67 | 51 56,67
| i
i
Tetel + 82 12.01 27 3.95 195 ©28.55 145 21.23 | 449 65,74
(383) = 63 9.22 29 495 92 13.47 50 7.32 234 34.26
Numbers in parentheses indicate the number of samples.
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Table 2. Distribution ¢f Coliform in Relation to Nitrite Nitrogen

and Ammoria Nitrogen with Each District (Gu)

~. NO;-N Negative Negative Positive Positive | Total
Coihform I\HJ N | Negative Positive Negative Positive |
i |
DiStI’lC\ : No. % Nao. % No. % No, % | Ne. %
|
! o ]
Jongro + f o 5.56 2 5.6 10 27.78 710,44 | 21 5873
(36) - : 4 11.11 2 5.56 6  16.67 3 8.33 ! 15 41.47
Jung + 12 12::50 3 3.33 2 27.08 29 30021 ! 75 78.12
(96) - 10 10, 42 3 3.13 7 7.29 1 1.04 21 21.38
Dongdaemun + 5 3.93 1 1.79 23 41.07 6 10.71
(56) - 5 803 2 357 9 16.07 5 893
“Seodaemun + 2 9.52 — — 8 38.10 8 38.10
1) - 1 4.76 I 176 1 476 = o
‘Seongdong + 2 7.69 — — 6 23.08 13 5)2.00 21 80.77
(28) . = == = 1 3.85 1 3.8 3 11.54 5 19.23
“Yongsan =+ 12.50 1 3.13 12 37.59 3 25.00 25  T7B.13
(32) = o e 2 6.25 1 3.13 4 12.59 7 21.87
‘Mapo + 1 7.14 — — 9 6429 i — 10 71.43
(14) = — —_ 1 7.14 2 14.29 1 7.14 4 28.57
‘Dobong + 11 12.50 = o 21 23.86 12 13.64 44 50.00
(88) P 17 19,32 | 4,55 17 19.32 6 6. 82 44 50.00
“Seongbug + 6 28.57 2 9.52 4 19.04 3 23.81 17 80,35
2D = 2 9.52 — — 1 4.76 1 4,76 4 19.04
I
“Yeongdeu- + 24 15. 89 9 5.96 36 23.84 28 18.54 97 64.24
ngpo(151) = 14 9.27 7 4. 64 221 TdibT i1 7.28 54 35.76
Gwanag + 3 8.33 2 5.56 9 25.00 9 25.00 23 63.89
(36) e 2 5.56 2 555, 5 13.89 4 1I.11 13 36.11
‘Gangnam + 10 9.43 s 1.89 31 29.25 20 18.87 63 59.4
(106) = 8 7..55 4 3.97 20 18.87 11 10.38 43 40.57
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-Numbers in parentheses indicate the number of samples.
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Table 3. Differences in General Sanitary Condition of Well with Ezch Month
e ; A i ¢ :
contl pH Chloride ion Nitrate N Hardness
-epeseat (ppm) (ppm) (ppm)
Morth™. Min. -Max. Min. -Max. Min. -Max. Mn. -Max,
T \\ Mean=+SE Mean=SE Mean+SE Mean+SE
76 Mar. 5.8-8.0 6.4—283.6 0.01~11.0 12—331
6. 850, 0762 54,669, 16 2.494£0. 38¢ 83.532:11,43%
Apr. | 5.8-82 2,8-457. 4 0.01—18.0 6-528
| 6.74:£0.06° 5. 61+6. 46 4. 4540, 5298¢ 110. 26+ 8. 5295
May 5.8—8.4 5.7-20.0 0.01-20.0 10 —382
6.99+0.05¢ 54.55+6.70 4,390, 74°5¢ 120,31+ 14. (224
Jun. 5.8—8.4 5.7-282.3 0.01-20.0 6—426
6.7440. 05 54. 166, 09 3,344:0, 425¢ 106, 38£10. 0495
Jul. 5.8-8.2 5.7-192.2 0.01-12.0 4252
6.8320. 08¢ 40,03:£4,49 3. 0440, 426¢ 81.59::7. 92¢0
Aug. 6.0~9.5 5.6+158.9 0.10—12.0 6—338
6.910.07%¢ 45,204, 39 2.59:-0.38¢ 96. 20+9, 147
Sep. 5.8—8.0 3.5-126.C 0.01—12.0 20 -390
6. 8440 0654 46,625, 41 3,450, 4395¢ 116.31+11.55%
Oct. 5.8-8.0 5.7-172.0 0.01-12.0 4-344
6. 81:£0. 074° 47.32:£6.55 3.00-£0. 57%¢ 115. 0013, 909
Nov. 5.8-8.0 5.0-219.5 0.01—20.0 18—500
6.82:20. 08°2¢ 62.27+7.77 6. 250, 94¢ 135. 76+ 15, 757
Cec. | 5.8-8.4 5.0-230.5 0.01-20.0 10550
6.980. 09° 44.9446.30 5. 5540, 919 118. 08 15. 640
77 Jan 6.0-8.3 3.5-127.4 0.01—12.0 6 — 260
6. 86-£0. 094¢4 38.70:6.00 2.97-£0. 705 75. 1349, 745
Feb. 6.0—8.6 5.7—206.3 0.01-12.0 16—430
6.95:+0.12% 43,568, 63 3. 4640, 7598¢ 112.73£12, 329
Average 5.8-8.6 2.8—457.4 0.01—20.0 4550
6. 840, G8 49.477.00 3.77+0. 60 106. 49+ 11. 66

a,b, ¢, d, e: Difference between the value denoted by different superscripts is significant
(pH and Nitrate N: p<0.01, Hardness: p{0. 05).

1, 000 OH.:Ng O:S)#l# 5~675¢ my o+& 1/100M EDTB-
a (FAS miE) oz Vsl WIEE CaCOz HHistalch.

EEBE R0, -N) Bk S0miS 2 CaCO, (ppm) = (a—1) X1, 000/50.
o) st WARELE HEF(CHOKNa 4H:0) 35
2ml2 fustz NesslerA# ImlE 91 HHHEZA T
HEREHE ok

etaLjoME Z2ENH,*-N) : ¥k 50mlS mass cyli-
ndere] Hred sl Griess romijin A%E 0.3g2 g ob&
1051 fFmste FFiEad Eikstesh

B (Hardness) - #74 50mloll #5387k E foste] 100ml
2 % ok 10% KCN 5% fnshz N/50 MgCl, 1ml
2t ammonia buffer 2m! B! Eric-chrome black T (C,

% A=0.01Xbx

mass cylinder
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Table 4. Differences in General Sanitary Condition of Well with Each District

Chloride ion

Hardness

é J : pH Nitrate N
omponent | {ppm) (ppm} p(pm)
| B —— T i B
Pariet \ Min. —Max. Min, —Max. Min. —Max. Min. —Max.
1sne J Mean+SE Mean+SE Mean+SE Mean+SE
Jongro 5.8-7.4 7.1-238.2 0.01—-20.0 30331
6.70+0. 075 56. 159, 2508 3. 760, 756¢ 135. 14214, 1295¢
Jung 5.8—8.6 3.5-209.2 0.01-20.0 12430
‘ 6. 940, 062 43. 695, 735 3. 2840, 46° 99,4249, 355¢¢
‘Dongdaemun 5.8—-7.9 7.8-457.4 0.01-12.0 6—320
6. 70:£0. 075 65.75+9. 33% 6.09:0. 6498 111. 6949, 8844
Seodaemun 6.0-7.1 6.4—145.4 0.01-20.0 14 —452
6. 710, 095 64. 68+8. 839 4,161, 03%¢ 160. 1025, 19
Seongdong 5.8—7.6 6.4—182.3 0.01-20.0 14—416
6. 570, 09¢ 81, 21+10. 08¢ 7.1141.49° 180. 0830, 57¢
‘Yongsan 6.0-8.3 6.4-127.7 0.08—12.0 - 14-390
6. 820, 099 34, 86+5. 488 3. 9740, 98%6¢ 121. 94416, 65%5¢
Mapo 5.9-7.6. 9.9-214.9 0.20—12.0 20—242
6.48::0. 135 71. 7319, 09% 3. 830, 78%¢ 101.43+18, 8154
Dobong 5.8~8.7 5.6-282.3 0.01-18.0 6298
6. 690, 062 40,7344, 848 3. 360, 42¢ 68. 945, 354
‘Seongbu 6.4-9.5 6.4—135.5 0.01-12.0 30 —344
R 7. 2340, 014% 43,659, 736 2,650, 91¢ 108. 7618, 0654
Yeongdeu- 5.8—-8.6 5.7-219.5 0.01—12.0 8—528
ngpo 6. 920, 04 46, 85:£3.665 3.05+0, 36¢ 96.54+6.94¢d
Gwanag 5.6-8.0 6.4—230.5 0.01-20.0 6—550
: 6.75+0.095 53.51+8. 16% 3.56X0, 795° 117. 17 +15. 68ecd
Gangnam 5,8—-8.4 5.0-161.1 0.01-20.0 4—344
6.92+0. 08% 47.13+4, 538 3.99+0. 37%¢ 107. 29-4-7. 894cd

a, b, c.d: Difference between the value denoted by diffesent superscripts is significant (p<0.01).
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Table 5. Distribution of Colifornim Relation to Chleride ion with Each Month
E— —_ | “ — e e e .-
i Q| Chloride ion (ppm)
Menth \‘ ; : -
i = 0-20 21 —40 41 -850 61-89 81—-100 101 Over
| . No. % No. % No. % No. % No. % No. % Total
76 Mar. (43 4 — — 9 20,93 2 465 2 465 1 2.33 3  6.98 7
= ) 3 6.98 13 30,23 2 465 5 1L.63 3 6.98 — — 26
Apr. (92) + 12 13.04 18 19.57 4 4,35 3 3,26 9 9,78 13 14.13 59
— 6 6.52 11 11.96 5 543 6 6.52 5 5.43 — — 33
May (51) + 6 11.11 10 1852 5 926 3 55 5 9.2 6 1L.11 35
i 2 370 9 1667 3 55 3 55 2 370 — — 19
Jun. (34) + 14 14.89 29 30.85 & 851 5 532 3 319 16 17.02 75
o= e — 12 1277 1 .06 2 2,13 4  4.26 — — 19°
Jul.  (63) P o 12 19.05 17 26,98 6 9.52 8 1270 2 3,17 4  6.35 49
o 4  6.35 7 1L11 2 317 — — 1 "1.59 — s 14
Auvg. (70) | + 6 857 23 32,8 5 7.14 8 11.43 6 857 3  4.29 51
- 3 429 7 10,06 2 2.8 4 571 3 429 — s 19
Sep. (58) | + 11 18.97 10 17.24 5 862 4 690 4 6.9 7 12.07 41
| - 4  6.90 6 10.34 4  6.90 — — 3 517 — - 17
Oct.  (48) } + 4 833 14 29.17 6 1250 1 2.08 3 6,25 6 12.50 34
P 4 833 5 1042 1 2,08 2 417 2 417 — — 14
i
Nov. (50) | + 5 10.00 10 20.00 5 10.00 2 400 2 4.00 8§ 16.00 32
= 3 600 5 10.00 4 800 1 2.00 5 10.00 — — 18
!
Dec. (49) @ + 6 12.24 10 20.41 4 816 3 6.12 1 2.04 3 6.12 27
P- 6 12.2¢4 8 16.33 5 10,20 2 408 1  2.04 — — 22
77 Jan. (32) - 4 12.50 5 15.63 4 12.50 2  6.25 — — 1 3.13 16
Ex 5 1563 8 2500 2 625 1 3.13 — —_ - — 16
Feb. (30) | + 1 3.33 6 2000 1 3.33 — — 1 3.33 4 13.33 31
i - 5 16.67 7 23.33 4 13.33 1 3.33 — —_ = 17
Total. + 81 11.86 161 23.57 55 8.05 41 6.00 37 542 74 10.83 449
(683) — 45  6.59 98 14.35 35 512 27  3.95 20 425 — — 234

Numbers in parentheses indicate the number of samples.
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%2z b Eotm iR 9 FHlEAAd e #4& 63.64
%, 52.38% = st Bhe HES Jepds 2
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Table 6. Distribution of Coliform in Relation to Chloride ion with Each District

| i
g | Chleride ion (ppm)
District ] g’ | i
g | 0-20 21-40 41-60 61—-80 81100 101 Over .
| No. % No. % No. No. % No. 2 No. % Total
| | I S LR
1 i
Jongro | + | 4 IL11 4 1L11 6 16.67 — — 2 55 5 13.89 21
(36) " - 2 5.56 8 22.22 2 5.56 1 2.78 — = = — 15
Jung |+ | 13 1356 28 2917 11 1L46 9 9.38 2 203 12 12.5 75
(96) i - 4 4.17 12 12.50 2 2.08 1 1.04 2 2.08 — — 21
[
Dongdaemun| + ! 5 8.93 11 19.64 3 5.36 5 8.93 6 _10.71 5 8.93 35
(56) = 5 8.93 5 8.93 2 3.57 4 7.14 5 8.93 — — 21
Seodaemon + — — 2 9.52 5 23.81 4 19.05 1 4.76 6 28.57 18
@1) - 2 952 1 4.76 — b o s = g b 3
Seongdong + 4 15,38 4 1538 1 3.8 1 3.85 10 3.85 10 38.46 21
(26) - e il - 2 7.69 1 3.85 2 7.69 — — L2
Yongsan + 8 25.00 13 40.83 2 6.25 — — 1 3.13 1 3.13 25
22) - 3 9.38 1 3.13 — — 1 3.13 2 6.25 — — 7
Mapo + 2 1429 1 7.14 1 71402 1429 2 1429 2 14.29 10
(14) e 1 7 14 1 7.14 — 2 14,29 — —_ - bt 4.
Dcbong + 10 11.36 16 18,18 3 3.41 8 9.09. 2 2.27 5 5.68 44
(83) - | 6 6.82 25 28.41 7 7.95 4 4.55 2 2.27 — s 44 .
Seongbug + 1 4.76 8 38.09 3 1429 2 9.52 1 4.76 2 9.52 17°
(21) = 2 9.52 — = &k 4.76 1 4,76 — = s — 4
Yeongdeu- + 20 13.25 40 26.49 6 3.97 7 4.64 10 6.62 14 9.27 47"
ngpo (151) - 10 6.62 26 17.22 8 5.29 4 2.65 6 3.98 — — 95 .
Gwanag + 5 13.89 8 22.22 1 2.78 2 5.56 4 1111 3 8.34 23
(36) - 3 8.33 5 13.8 2 5.56 2 5.56 1 2.78 — — 13
Gangnam + 9 8.49 26 24.53 13 12.26 1 0.94 5 4.72 9 8.49 63
(106) - 7 6.60 14 13.21 9 8.49 6 5.60 7 6.60 — — 43
Numbers in parentheses indicate the numter of samples.

£& 59.55%, 59.57% 2 sl H9w o B3 Fode
Ae &% 78.69%, 79.63% 2 st HEE Gehyg

=
BN 19685 (4A~9A )]l A WA H#5kd NH,-N
7 HIRFIZ £ PAFIEA 50.00% 2 A% Rokm WAk
FIE(41.7%) BEREEE(25.0%) HEWHE(20.0%)2) IEo
2 BtEeldlen] HHEE 2@ BirEdas Brtielglvba
BET o = zE Y & BRe4 EmMEe NH-N
7t BHE = H5E BAMES 43.75%, HAMEE
23.81% z# v mAEAAE 8.33%= mlsldon
HHE 3 BItE-A 4% 60.0%, 33.33% =2 &8s
sleb. o) &= o] F sige] BE vk Angird EEL
Bing A4ty g9 apeldld 2k 2oz
o},

U DM %Y ammoniatt B Fkse) &
== HF = 8 28.55%¢) 2 ARz 5H6) 42.59

L
e

% 9Relv 34.48%= E9txm THAE 9.53%= 73
wokeh, #EFIEE WIEST 6L54x s AR =2

B HEEANAE 7.14%2 7F3 o RHEme ey .
St (3 L,288)

KE#EEEN 4 ammoniaft: TH} DIEEEERS)
el BHIF A & ety solgled], o9 R
HiZ8 5.9% 'y ol s Hmyd Aoy AL HEH-
B HRikEs 54 FHEAAE gy wojx o

2¥] T ammoniats fEEsl SHEENE X mER]
== FEsl ammoniat: £ BT mgEme =
FOTEHY FFAA ABEE] £33 ik gow
ammoniaty: e TR HFESL B FHHI =
Feld e KIBEE BlEo] 85.7%0] gl H4ins)
= 2el AFEANAE NH,-N, NO,-N7F [@ps e
= HEBdl4 21.23%, NH;-NigHizk NO,-N TiEHio.
BB = 3.95%01 2 = MEFTEINY H{BL 12.01%0}

Ny
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Table 7. Distribution of Coliform and Standardized Excess with Mooth

‘ o pH Chlorids ion Nitrate N Hardness Total
Month | = (ppm) (ppm) (ppm)
<
i 5 No. % No. % No % No. % No %
—_— | _— = ———— A T
76 Mar. (43) + — — 3 6. 89 1 2..33 = 4 9.30
— — = s ~ =1 23 1 2033
Apr. (92) | + 2 217 4 433 15 1630 1  1.08 29 23,91
il 1 108 — s 6 652 — — 7 7.60
May (54 | + 2 37 5 9.2 6 1LI11 4  7.40 17 3148
= 5 370 — & 2 370 1 L85 5 9.25
~
Jun. @4 | + = — 8 852 10 10.64 4 425 22 23.40
~ 1 106 — = 3 A = — 5 3.19
CJul. (63) + — — 1 1.59 4 6.34 — — 5 7.93
3 1 159 — — - = w= — 1 159
Aug. (70) | + 1 L43 1 143 3 428 1 1.43 6 857
= 1 1.43 = 1 L4 1 143 3 4.28
Sep. (58) + — — — 3 517 2 3.44 5 8.62
= I — 1 L7z 1 172 3 344
Oct. (8 | + 1 2.08 5 1042 2 4.16 8 16.66
Oct. (48) I — — 1 208 — bt 1 208
G0y |+ — — 5 10.00 13 26.00 5 10.00 23 46.00
Nov. (50) | + = _ 2 = 5 10,00 — o 5 10,00
Dec. (49) | + 2 408 2 408 10 20.41 4 816 18 36.73
ec. (19 | ¥ R - = 2 408 1 204 3 612
|
: 3y |+ P g4 = - 2 625 — - 3 9.38
77 Jan. (32) * - e S _ 1 313 — — 1 3.13
Feb. (30) | + 1 333 3 10.00 4 1333 2 6.67 10 33.33
eb. GO T ' Ha3 = - 2 s 2 667
) |+ 9 1.32 33 4.8 76 1113 25  3.66 | 143 20.93
?608% | 7 L0z — i 92 322 5 0.73 | 34 497

Numbers in parentheses indicate the number of samples.

Cqqo}, o)el ¥ sFel Hiliy do= FF mEEE
A% FEs ool ¥ FEE A Zhdeh,

pH : #5Kke] pHE Fi5 6.84%0. 08241 FBEEEC]
g ow 5.8~869 @WHE Jehisi=

HRlzs 580 6.99% 44 =otx 3R 474 &
% 6.74% 7hA Rk GRS WirEsr 7.230%
A% o FE HEEAAE 6.482 AR Fe EE
we] AR 2 EFel =& pHE &% HEL 2200
_ole epiglek (F 34 2E)
ool o k&R BF pH 5.8LTE wHEA o
otow] pH 3.0pi ko2 dshd #HFE 234 (1604
2.4 o] £ 91A(56.25% )7k AR Prikelgiel. A
2y 500 7.40%% 7 weked ol ¥ Efglz =
] Agdo] 13.87% FAdE 10.65%, g2 E 5.

51%, 2em AgddE ks gt W K
et WitEs TRET &4 4.76, 471%<1 RIE
@i, HOAF, BAM, @, Bl Y THRESAA =
msa goeh (F 7,888 _
&winy| ffabe Ak pHE 8 6.5245.5~7.6
4 gl 9otz stgled x@EEA & £4 ¥epH
£ ebi g
Whiter> = pH{EZF 54+ & HOClY ##iel 100% =5
HCIO=z F#shvh pH 8elM &= 78.8% 7 fEEEd vl s 3kt
st

a2eleg ASdirg F59 pHar AR 2 Ehlz &
Ger ERE vbehdy] ol Pel EEEESAE HH o
rusglel ofvh EABEBES vEStier & Aoz o

7

o

.8
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Table 8. Dmtnbutmn of Coliform and Standardized Excese with Each District

o pH Chloride ion Nitrate N Hardness | Teta!
District = (ppm) (ppm) (ppm)
j=]
5 No. 4% No. % No. % No. % No. %
1
[
Jmgrn I+ f — — 3 833 3 833 2 555 8 22.22
l S (" e = - e 1 2.77 1 2,77
Jung + 2 208 6 6.95 8 833 5 5921 21 21.87
96) 2 2 208 — — - PR - 2 203
Dngodaemun| + — — 4 7.14 15 26.78 1 1.79 20 35.71
(56) ot . O 5 = 1 179 — o 1 179
Seodaemun | 4+ 1 476 2 952 3 14.29
1) i - — = o S — = o =
Seongdong | + 4 15.38 9 3461-° 51993 i 18 69.23
(26) = - — — 1 384 1 3.84 2 7.69
Yongsan + I 313 — 2 6.25 1. :3.13- 4 1250
(32) 5 — — - 3§ 938 2 625 5 15.62
apo - . — 2 1499 — e s e 2 14,29
a4 - - s e - 1 714 — o I 714
Dobong + — 2 2.27 8 9.09 — — 10 11.36
(8%) - | 1 114 = 4 451 — e 5 568
Seongbug + 1 476 — — 31429 1 1.76 5 23.81
en | - | - = - - - - = = - =
Yeongdeu- | + | 2 1.32 6  3.97 13 860 4 245 25  16.53
ngpo (151) | — 2 L3 — - 6 3.97 — = 8 529
Gwanag + — — 1 2.78 5 13.89 1 2,78 7 19.44
(36) - — S, = = - = 2 il
Gangnam ¥ 3 283 5 472 9 849 3 283 20 18.86
(106) |- l 2 1.88 — = 6 566 1 0.94 9 849

Numbers in parentheses indicate the number of samples.

B¥ jon: : #EAY = T4y 40474700
ppm= 4 2.8~457.49) WO FHEE Jehiw 9lglel,
RElz+ 11He] 62.2724 713 =97 16 & 38.70
o2 sha dgtot ARl =2 BEEE ZER &
83leh ZH 3 RAIEE MEES 812124 spw
ENL EUEAAE 34.8622 713 Fo HHE o
EFdll o2 FEDL £2REO.0DE Jehigde. (F 3,
4 28)

s 150 ppmil k #HE HFSE F# 4.83% (338)
2A ol& I ABEE Bioldl. ARzt 1185
2R &4 10.00% 24 KA wobn 983 1He-
B A gdglon MESEZE BREEY GRENY &
F15.38, 14.29% 2 7b% 2o mEel EAPY,
2R A £ KL= g (£ 7,8 3@)

elv #HFKS EE ion 44 ppm a4 =
T B@elglen] 150 ppm LIk FrEst 42.8%q]

ion&

BB E Ao YAl 2o}
B3 iond 57L& 21~40 ppme] EMsL @ 683EE:
29 (37.92%)2 717 wolow WE jon 20ppml T
BT S ABEE %S 126/ 81 (64. 29%)
93 21~40 ppm¢] Fie) 4 & 259k 16148 (62. 16 %)
B OBES 3o ool ABET BEEL Hlal @\
el 21k 101 ppmpbl £S) BB AL 238 Y2 1L
R e (E 7.8 B28) T

o)l & BEE ion 8l ppmliE fHHE #EL =% 3
Wi BRoe vehdel e #EDs) HE ke Efion
el SDme,iJ:°i Y EEMio s KISERE Bl =
A HiEs BB e g *,(:ifﬂ- o= Ao

LR WE ALY EHE XEL Ty 37720,
60 ppmo 24 0.01~20.09) FHEE bepa oo,
2+ A 6.252 b3k xorm 3ol 2.492 712
wotel, MRGe s HHES WAMEAA &£ 7.1,

HF
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=)

092 =2 KEl FEiEdAE 2.652 73 #2 4A
£ wo] RGP B Al =teb & HEE.0D)
£ BET & U (3 3,4 2FD)

el 3 10ppmil B HiHE = #FEE 14.35%24 A
wlze 1R 36.00%= 713 29w 3A«E 2.33%
2 Aa mglow WEAlEE WOHESL 38.45% 2 sha
2o FEd FEAMES MREESAd s &4 4.76,7.14%
2 7 Agch(3k 7,38H).

a2 mz kel B2 HESELAWS MEHAA
8 HEsl =& 1153 BH 2 HAMESAA & ¥
Fikel #ete] @ik L Zo] WEeior € Aoz 47
At

BE  #5k9 BEE FH 106.49+11,66ppme 24
4~5509) EEE JEkgeh ARIEE 11734 135.76
oz FAA woa LAY 751322 JHF @3d. B
Hoet WAEs 180,082 o RE MKEEAA L
68.94= 7} 2 ﬂ-ﬁig—iﬂ HB!J‘“* =il =&
WEEs &% 58T %ﬁ(p(o 05), p<0 e ZE
4 olgldh (3 8, 42F)

22| 3 KEHEES 300ppmEch ®A HHEA HEc
Ty 4.39%0l3 AFEE 12R6 10.20%; LlA+E
10.00% 24 wrerm 6A% 18 & HHAA gotet.

ERles BTES 23.07%2 713 e K RE
st HgEA A BHAA sk (F T 8gM)

ol & &m™el gt 156ppmucrE W& Kmel 300p
pmil Lol 8 4.9%shE F|ilsdet.

g FHEKS BFE lond BEEEsH] ﬁ“ﬁ%ﬁﬁaa
sHERI G 17t 0.69 p0.0124 TEMEREE o T‘Il“%
FF] ek 23 AgAd ol 271714 HES&RE 17t
of 74 sgmste BFEE e drep(E % B 18R).

BlEe] e fasted 2 RIBEE Ho =z
WEE Eahl AL 4.51%0l5T HELBr HRe
2 gEd] RER #5E 5L.45%0 FEsiges 1,04
y%ule] Hislal 9L HEEA g H&sEH. 2
2l T mEMEE WMEE A KEEE B Btg
(el TEE&E] A3 Be Heldx EBJCF‘?EJH*‘HE
KGR B % B Rl BEYLEEy TEA
o] FA% Aglen] HEEEES A BEFT Foldd.

Foo. A &HA FHEKAA LBY FHHRez AT
EY HECF 75.3%, fHel WHESR 5t 43%, HE
o e FEE 20.4%tT @mET v AR
mET Tl FEE $UMd RiE B(bfEsic s T
@ JEe A WA HEE A JE Ao

Spring: Y=0.89X + 56.28

300} r= +0.59, p<0.01
Summer: Y=1.35X + 32.27

rz +0.70,p <0.0L
apol  Fall : Y=1.18X +15.95

r=+0.72,p <C.01

Winter: Y=1.65¢ + 35.Th
r=+0.7k p <0.01

Hardnass (ppm)
—
&
o
T

120}

i
60/

|. 1 1 1
0 30 60 90 120 150
Chloride ion(ppm)

Fig. 1. Relationship between Hardness and Chlo-

(Av) Y = 1.2LX + Lb.26
r= +0.469, p<0.0L

ride ion of Well
& e

FxL [9764 3ASE 1977F 2AFAA AEHA
FEA (27205 BPUEREL K= v 683 I
EAS #$o = pH, mEEE €7, ammoniafk EFH,
%Eﬁ% 923%, BE jon ¥ T BESY BLEMd A
o} iﬂﬁpﬁﬁi»l EeRne AR 2 mEHE AETL
o el T &HE Asich

1. ALmA 5 683+ ABRE Bie 65.74%

slglon] ARm: 6Ae| 79.79%, MR =L FEAFY

Bt 85.71% % 7hak =ota 34 (39.53%) 2 SEKERE (S0
L0%)ell A e 7 wekeh

_ 2. ERmME =% BiEEe 70.57%, ammeniafi £,
¥ BB 36.75%¢| Jon] THEREE 2R ammo-
niat: st FEF] s = FFE 28.55% ¢ h

3. #FEke pHE F45 6.84+0.0824 pH 8.0LlE
o H#FE 2.34%01¢0ck. 22l FF B ER =gt
% BET ZRE Jeb oo (p0.01).

4. EEEW EHFEE Ftg 3.77+0.6) prm=24 10 ppm
Lk R 3R+ 14.35%01%lch

28z A R sumplel et HEG 2RE e
9+, (p0.01)

5. B ion2 A5 49.4747.00 ppmEA4
LLE e H5E 4.83%0¢) ¢ o0 100ppmo] 4Fe] 7 %
= a2 ¥ KIBERe] BHEeldldt. zelx suilifl= =
HEEE BEd A9t (p<0.01), Aglel =t & H

150 ppm
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