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Abstract

This survey was performed to investigate contamination degree and significance in each item

of 406 samples of ground water, which was collected in Seoul area from Jan. to Dec. 1988.

The results of this study were as follows;

. The unsuitable rate of ground water investigated was 69.7%(32.4% in only bacteria, 23.6%

in 'both bacteria and physico-chemistry and 13.6% in only physico-chemical contamination ).

. The unsuitable rate in each item was the highest"(54.2%) in standard plate count'and 29.8% in

coliform, 12.8% in turbidity, 11.3% in Zn, and 10.8% in Mn,

plate

. The total mean concentrations in each item were lower than standard except standard

count, coliform, and Fe.

. In the analysis of ‘corelation among items, both total hardness and residual solids were

showed very high correlationship (P < 0.01) with other items, and both S.P.C. and coliform
showed very highly significant (P < 0.01) with NH;-N.
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1) Ion Chromatograph, Dionex Model
40007

2) Atomic Absorption Spectrophotom-
eter, Hitachi Model 170 —30

3 ) UV—Visible Spectrophotometer, Sh-
imadzu Model 120- 02

4 ) Digital Direct Reading Turbidim-

eter, Orbeco-— Hellige

—52--

5) pH meter, Orion Model SA 720
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Table 1. Drinking Water Standards in Each Country

(Unit : mg /7)
Country -

ltem KOREA W H.O. JAPAN CANADA U, S.A, FRANCE EEC
Color 5 15 TCU 5 5TCU  15TCU - 20
Turbidity 2 5 NTU 2 5JTU 1TU 5 10
Odor ND Not offensive ND 4 3 — —
Taste ND Not offensive ND 4 - — -
NH,--N 0.5 — - 0.5 — 0. 05 0.1 0.5
NO,;-N 10 10 — 10 -
pH 5.8-8.5 6.5—8.5 58-8.6 6.5-83 6.5-85 — 6—9.5
Total hardness 300 500 300 81—-120 — — 35
KMnO, consumption 10 -~ 10 - - 1-1.5 5
Cl- 150 250 200 250 250 200-600 200
S0, 200 400 - 500 250 250 5
Residual solids 500 1000 500 500 500 — —_
ABS 0.5 - 0.5 0.5 0.5 0—0.05 0.1
CN ND 0.1 ND 0. 01 E 0. 05 0. 05
Hg ND 0. 001 ND 0. 05 0. 002 0. 001 0. 001
Organo phosphate ND ~ ND 0. 002 — 0.3 —
F 1.0 1.5 0.8 - 1.4-2.4 1.5 0.7—1.5
phenol 0. 005 0. 002 0. 005 0. 002 — 0. 001 0. 005
Fe 0.3 0.3 0.3 0.3 0.3 0.1 0.3
Mn 0.3 0.1 0.3 0. 05 0. 105 0. 05 0. 05
Cu 1.0 1.0 1.0 1.0 1.0 0. 05 0. 05
Pb 0.1 0. 05 0.1 0. 05 0. 05 0. 05 0. 05
Zn 1.0 5.0 1.0 5.0 5.0 - 0.1-2.0
Cd 0.1 0. 005 0. 01 0. 01 0.01 0. 005 0. 005
Crts 0.05 - 0. 05 . 0.05 0. 05
As 0.05 0. 05 0. 05 0.01-0.5 0.05 0.5 0. 05
S.P.C. 100/ml — 100/ml - — — 0
Coliform ND/50 ml — ND — 1/100ml 0 5
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Table 2. Monthly Distribution of Mean and Standard Error in Each Item

Item No. of Turbi-
Color H,—N NO,-—-N pH TH KMnO, CI~™
Month Sample dity
. o8 .39+ 0.98%+ 0.16+ 2.90+ 6.73+ 113.50+ 2. .24+ 2310+
0. 39 0. 39 0. 03 0. 64 0. 09 31. 15 0. 41 7.21
5 20 2.5+ 3.17% 0.17x 5.33+ 6.66 + 13718+ 1.95+ 26 87+
0. 92 1. 56 0.07 0. 82 0.18 29, 28 0. 25 3. 46
1.39+ 1.57 + 0. 05+ 2.70+ 6.65+ 142,47+ 2.27+ 18.92+
3 38 0. 23 0. 65 0. 01 0.73 0.10 24. 24 0. 37 2. 24
. 21 6.05+ 4.01% 0.40+ 2.44+ 6.65+ 117.81%+ 2,37+ 21.37=%
2. 49 1. 82 0. 15 0. 57 0. 14 25. 58 0. 41 3.15
6 o 4. 36 + 1.32+ 0.45 % 3.69+ 6.36+ 93.27+ 4.59+ 20.63+
2.98 0. 56 0. 34 0. 74 0. 07 13. 84 3. 38 3.13
6 . 0.88+ 0.90x 0.46%+x 2.92+ 6.74+ 6841+ 1.09+ 1806+
20. 07 0. 22 0. 40 0. 50 0. 09 8. 49 0. 44 2.91
. A0 3.66+ 4.38% 0.124 1.95% 6.68x 8522+ 1.91x 19.22x%
1. 89 2.32 0. 05 0. 33 0. 06 16. 73 0. 57 3. 69
g 31 5.65+ 5824 0. 14+ 4,50+ 6.78+ 90.68%+ 2.21+ 36.05%+
3. 24 3. 60 0. 08 1. 20 0. 07 13. 77 0. 86 7.77
) .00+ 0.66%x 0.06x 222+ 6.99x 4720+ 2.01+ 15 34+
9 5
0. 00 0.25 0. 02 0. 53 017 7. 60 0. 33 4,14
10 - 6.91+ 510+ 0.53=% 5.43+ 6.98+ 9714+ B8 91+ 30.22+
4. 38 3. 49 0.23 1. 36 0. 11 11. 76 5. 63 5.12
" - 8.59+ 830+ 0. 14+ 2.14+ 7.16+ 66,14+ 48.90+ 16.61 +
4. 77 4.74 0. 05 0. 89 0.19 12. 75 46. 25 4.13
12 200+ 2.64+ 017k 413+ 7.19+ 12975+ 2.02+ 19.28+
28
0. 83 1.50 0. 16 1. 62 0. 17 43. 64 0. 56 4.55
unit : mg//
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Col -

507" R.S. F Fe Mn Cu Pb Zn S.P.C.

form
18.61 £ 217.3+ 011+ 0.21=+ 0. 21+ 0. 01 + 0. 01+ 1. 47 + 3064.6 4= 29,2+
4.72 56. 8 0. 05 0. 10 0.13 0. 001 0. 001 1. 05 1707. 8 13.8

93.64+ 275.6% 0.25+ 0.83+ 0.76+ 0.03+ 001+ 0.71 1340.0+ 42.4+
44. 28 54. 2 0. 06 0. 41 0. 30 0.01 0. 001 0.18 689. 0 25. 5

1726 244.1+ 0.132+ 0.70+ 0.14+ 0.0t 0.01% 0.18 + 402.1+ 122. 4+
2.85 22.1 0. 04 0. 35 0. 06 0. 001 0. 001 0. 06 227.5 118. 3

25,31+ 21,9+ 0.15%+ 0.17+ 0.89+ 0.02+ 001z 0.21+ 636.19 ND
6. 10 37.6 0. 05 0. 06 0.45 0. 001 0. 001 0. 07 362. 86

18.98+ 178.3+ 0.13% 0.07=+ 0.24% 0.02+ 0.01% 0.55+  14670.7+ 1517.6 &
3. 46 24. 4 0.03 0. 02 0.15 0. 001 0. 001 0.18 5891. 0 647. 0

1242+ 1361+ 0.14%+ 0.08+ 0.06+ 0.01+ 0.0l 0.68+  10762.7+ 17828+
1. 85 17.5 0. 03 0. 02 0.03 0. 001 0. 001 0.13 4545. 6 937.6

15,55+ 167.2+ 0.18+ 0.57+ 0.284 0.01+ 0.01% 0. 37+ 7065.71  886.3
2.79 25.8 0. 05 0. 29 0. 17 0. 00 0. 001 0.13 2264.0  452.8

39.0 197.5 =  0.24+4 0.39+ 0.13+ 001+ 0014 0. 51+ 3046.8+ 108.3+
7.17 25.0 0.12 0. 23 0. 05 0. 001 0. 001 0.18 1155. 7 67. 2

(331
I+

14.55+ 129.1+ 0.50+ 0.07+ 0.01+ 0.01x 001+ 0.59+ 42512+ 654.2 +

3. 46 26. 8 0. 31 0. 04 0. 001 0. 001 0. 001 0.28 1527. 6 483. 6
2415+ 21324 0.26+ 0.47% 0.43+ 0.01% ND 0. 60 + 73123+ 9222+
5.48 26.0 0. 14 0.18 0.18 0. 001 0. 27 2335.8  766.8

1770+ 133. 4+ 0.46+ 1.33% 0.36+ 0.01% ND 0. 45 4100.44+ 4151+

7.82 30. 1 0. 25 0. 79 0.17 0. 001 0.13 1686.6  215.2
10.08+ 210.3+ 0.29+ 0.32+ 0.100+ 0.01+ ND 0. 49+ 3746.4+ 833+
3.7 49.8 0.11 0. 24 0. 09 0. 001 0. 20 2333.8 64.6
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Table 3. Distribution of Mean and Suitability for Standard in Each Item,

MEAN + SE No of Suitable No of Nonsuitable

[tem (unit : mg//) for standard for standard(%)
Color 3.33 = 0. 64 380( 93.6) 26( 6.4)
Turbidity 2.86 0.53 354( 87.2) 52(12.8)
Odor - 400( 98.5) 6( 1.5)
Taste _ 397( 97.8) 9( 2.2)
NH,—N 0.25 % 0. 07 379( 93.4) 27( 6.6)
NO,—N 3.3740.25 371( 91.4) 35( 8.6)
pH ’ 6. 75+ 0. 04 384( 94.6) 22( 5.4)
Total Hardness 98. 86 + 6. 46 390C 96.1) 16( 3.9)
KMnO, Consumption 5.21 + 2.57 396( 97.5) 10C 2.5)
Cl- 21.89 + 1. 26 405( 99.8) 1¢ 0.2)
SCy? 26. 16 + 4. 61 404¢ 99.5) 2 0.5)
Residual Solids 191. 67 + 10. 01 388( 95.6) 18( 4.4)
ABS 0. 003 + 0. 0001 405( 99.8) 1( 0.2)
CN ND 406(100.0) —

Hg ND 406 100.0) -
Organo phosphate ND 406( 100. 0) -

F 0.22 +0.03 392( 96.5) 14 3.5)
phenol ND 406( 100. 0) —

Fe 0.40 + 0. 08 366( 90.1) 40¢ 9.9)
Mn 0.28 = 0.05 362( 89.2) 44(10. 8)
Cu 0. 01 + 0. 001 406 100. 0) -

Pb 0. 01 + 0. 001 405( 99.8) 1C 0.2)
Zn 0.56 + 0. 09 360( 88.7) 46(11.3)
cd ND 406( 100. 0) -

Cr+sé ND 406 100.0) -

As trace 406( 100. 0) —
S.P.C. 5952. 5 +1095. 5 186( 45.8) 220(54.2)
Coliform 683.2 + 173.0 285( 70.2) 121(29.8)

Total number in each item: 406

et oA ot o g #YH] o|ZEe] AT
o Eof 7}*1 2ot Zigate] Feol AAagwr

NO;—N FE-g A A AzlotoldAl Methemoglo-

oA A4z Eo] AtslEo] A7 HEo A binemia & ¥ 2# 4% blue baby A3& 2
shaol £ AL A F A8 7€ IOmg/l oZltha BATH? miald WHOS| = 42
& 248 A 8.6% (35D Ht &l NO3 &  50mg/l (NOs—N &
3.37£0.25mg/! & JYebith the =29 11.29mg /1 )& S5algiow S5 44 7Hs
AP e daele, TRAFES ol E2F Aol gtk AASANY w@ I, 2F
22 (PC0.001) 2 eyt wloh, Ml Fold Sl gasEel Ay
o] Kool ofstyl A2 &sIAEE 7} #eo] eivta B agow, -2l velel

56—



AME 1985 wHd 3t Lol x| doa] f)¢)
2 Eaargel HAeive] wldde] =l e
O GE up Qe ujepa] S84 Fel A
A ke wpadks o448 &% dalun o
= o Az v

6. pH

o) pHE duka on 85350 gl §u
ghatal et el o ubel A, FAd, 9
7he] A o2 sl zich

Aom F 406 74F 227 (5. 4% °l -2 5}
& uvhepdlith ol bogw|nke] AtAdo] 1271
(3.0%), 8.6°]4e] ¥vlejidel 104 (2.4
Yo) ©ir VFERSTE arE Abgd e $AE
gitol2, Swz-{-E, Fe, Mn, Cu, Pb 5}
738 AAZ(PC0.01)& vERN i1 Qo] o] ¥
o) pHr_ Wil 39S 9 glom Foh:
7% A2 (P C0.01)& viepulch

7. F4 %

AEE B49 Ca, Mg2 CaCOs & Fhit
sjAl AgStH A vt wow Hke]  upmal

B)p7] o] & oA eron| FRjLSw AL
83 boiler pipe o] & o] A7 *%
AR Y ehe S dh

B Ald o g7 v o] et
mg/l °lglem 3. 9%(16/4) 7}
E}_L”\:}- 301_11/}0] /\]»,L)r
Ao BE ol 4
ol&

ha)

A g

-

=

3&}}1

gl B
T 2l 9 "“’} off oA H=rel
ris 53 A9 9] Biorek 52 =&
Ax7EAdg Adag AbdEatel
| Atk spsiod,

rFEE o Mg, Ca,

=

Mor-
Fol %
Apolol, |

Apgho ul2]  Schroeder

e}

o U~

f

E’

45 2

8. KMnO, _~u]ub
S e Q0 FUIEA el 9 uv o

gholl A 1441,
Aol 2JsA] KMnO,
KMnOy4 28] gk

o4l A}l
LA B S8

b oA

A B
2l Rey = Atoll A
= 52142 5Tmg/!
1011025 %) ©l

7 ,/]-p] )\} 3

J(PC0.01 )

I

3!
KL

1en
i

10mg/l 3,
vhA] Ay P

} /kbl o
vHE}

ST

9.

Aped 5=

< /tOl—Q-
off A 5=

ghf-sin £1a] sl oF Az

o} Crdrel SpgE, 8

olsl CI™ 7} -&rbsin

ool e A oht

45‘7'01 ,‘x’;,

e
h

]/d o] od o}oﬂ o] H
2]

S L;{Hj!l '_}I‘.,

0010
A5 I

| A3} s
ulJ’_‘v] A}y MI S ,?‘j}g,]_g
W} Pb -}
- A (P C0.01) & vpERivh CIT o9
31> 21.89 1 1. 26mg/lo} 2l o] <& 406

F A ek el e gk

P 5] 24 o S S SRR
/;(3, ﬁ’g’é}._}\—, 5] l“ll ’ﬂ'ﬂ“:,

/]/J o]] /]

]

Tl

TabA gk of 200,
Al g 5o
S7betu] abd ol efdl A 1L gl
i/\}-éii} SOz %+ Wk 26.16 + 4. 61
mg/l ol9ar F 406718 2710]

VERL oA & k68l o]l oy Thb:

WA e AmE 7l E2AL,

H]

o 5]
fr 4l 3 5ol
] - °

Z
0
1
i ;
6

O

b,

Fe, Mn, Cu, Pb%3} & 4a4(PC0.01)
S vepl o pHelE o0 3g vERich
1. SddfE
FUAFEe BE S ugl gu ¥ =
AL ety 3 JEe npdlgas Ca, Mg,
Si, Na, K 5& @f3%ith & Al 538



Table 4. Correlation Coefficient (r) and Prob-Value in Each Item

T . Turbi-
Color ] NH, -N NO,—N pH T. H  KMnO, C1~ S0O7?

P dity
Color 1.0000  0.7233%F 0.1073* -0.1003* -0.0888  0.1910%* 0.1923** 0.0378  0.0167

Turbidity 0.0001 | 1.0000
NH,~N  0.0301  0.0012
NO,—N  0.0434  0,0162

0.1600%* —0.1193* -0.0525  0.2472%* 0.0732  0.0577  0.0169
1.0000 -0.0658 0.0040  0.1810™* 0.0334  0.1128% 0.0318
0.1855 | 1.0000 -0.1011*% 0.1171* -0.0103 ~ 0.4579** 0.0445

pH 0.0738  0.2909  0.9360  0.0417 1.0000 -0.3347** -0.0182 -0.0539 -0, 3870**
T. H. 0.000t  0.0001  0.0002  0.0183 0.0001 | 1.0000  0.0649  0,3704** 0, 4659**
KMnO, 0.0001 . 0.1411  (.5015  0.8354 0.7143  0.1915 | 1.0000  0.1002* 0.0776
Cci- 0.4473  0.2458  0.0230  0.0001 0.2783  0.0001  0.0436 | 1.0000 0.1095*
SO7? 0.7378  0.7348 05220  0.3713 0.0001  0.0001 0.1186  0.0273 | 1.0000
R.S. 0.0002  0.0001  0.0001  0.0001 0.0001  0.0001  0.0118  0.0001  0.0001
F 0.3320 0.1146  0.8862  0.0869 0.0001  0.0001  0.7923  0.4351  (.0003
Fe 0.0001  0.0001  0.1555  0.0359 0.0001  0.0001  0.3374  (.6443  0.0001
Mn 0.0001  0.0001  0.0001  0.0420 0.0001  0.0001  0.5502  0.0363  (.0001
Cu 0.8601  0.8217  0.5585  0.4108 0.0001  0.0001  0.9775  0.9857  0.0001
Pb 0.0014  0.0001  0.0029  0.3186 0.0013  0.0001  0.9459  0.0052  0.0003
Zn 0.7106  0.4608  0.8514  0.0498 0.1062  0.1181  0.9730  0.4035  0.8368

S.P.C. 0.8391 0.6071 0.0001 0.3947 0.4034  0.5927 0.4780 0.2670  0.5932
Coliform 0.7758  0.9149 0.0001 0.9366 0.4062 - 0.9177 0.6602 0.3217  0.5877

x ; p<0.05 *% ; p< 0. 01
Prob-value = —M——
VVar (x) Var (v)
2] v s 19167410 Olmg/l o] 2 Jeigdth gE71e] 4342 pH, 245,
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R. S. F Fe Mn Cu Pb Zn S.P.C. Coliform
0.1867%*  (.0483 0.4318%%  0.2771%  0.0088 0.1580%* 0.0185  -0.0101 -0.0142
0.2225%F  (.0784 0.6603%*  0.3574**  -0.0112 0.2472%* 0.0367 0.0256 0.0053
0.2078%  0.0071 0.0706 0.3875%* 0.0291 0.1474%  -0,0093 0.3181%%  0.2644**
0.2349%* _p 0851 -0.1042¥  -0.1010% 0.0409 ~0.0496 0.0974* -0.0423 0.0039
—0.3371%*%  0.2471%% -0.2505%*% -0.2450%%  -0.3339*%* _0.1594%*  -0,0803  -0.0416 ~0.0413
0.8946**  0.1969**  (0.4699**  0.5074%* 0.3103*%*%  0.4573%* 0.0777 0.0266 ~0,0052
0.1248* 0.0131 0.0477 0.0297 0.0014 -0.0034 -0.0017 0.0353 0.0219
0.5280*%* -0.0388 0.0230 0.1039 -0.0009 0.1385%% 0.0416  -0.0552 -0.0493
0.5953%% 0 1767**%  0.3181%*  (.4848%* 0.6367%* 0, 1773%* 0.0103  -0.0266 -0.0270
LI_.O‘OOO 0,1724%*  (.3803%*  0.4928%* 0.3828%*  .3802**  0.0970 0.0461 0.0034
0.0005 1.0000 0.1511%*  0.1617** 0.0903 0.0572 -0.0322  -0.0456 -0.0423
0.0001 0.0023 1.0000 0.3789%* 0.2039%*  0.2838**  (.0154 0.0041 ~0.0053
0.0001 0.0011 0.0001 1.0000 0.2097** 0.3069** 0.0067 0.0340 0.0047
0.0001 0.0693 0.0001 0.0001 1.0000 0.2555%* 00953 0.0332 0.0142
0.0001 0.2501 0.0001 0.0001 0.0001 1.0000 0.1181%  0.0890 0.0457
0.0509 0.5182 0.7575 0.8928 0.0550  0.0173 | 1.0000 0.2011%%  0.0103
0.3540 0.3599 0.9349 0.4946 0.5044 0.0733 ‘TW‘} 1.0000 0.5760%*
0.9456 0.3958 0.9514 0.9243 0.7748 0.3580 0.8367 0.0001 1.0000
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