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Studies on the Contamination degree and significance

in each item of ground water in Seoul area

Potable Water and Beverage Division » Microbiology Division*
S00-Mi Ahu, Deog-In Kim*, Soo-Kyoung Oh, Duk-Haeng Lee

=Abstract—

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

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

The results were as follows.

1. The percent of nonsuitable for drinking water standard was §9.7%. The Characteristics of

nonsuitable were 32.4% in only bacteria, 23.6% in both bacteria and physio-chemistry and

13.6% in only physio-chemistry contamination,

2. The rate of nonsuitable in each item was 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,

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

Plate Count, Coliform and Fe.

4. In the investigation of statistical significance between items, Total Hardness and Residual
Solids were showed very highly significant (p<(0.01) with other items and S.P.C. and Colif-
orm showed very highly significant (p<{0.01) with NH;-N.
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3. 2 A

1) Ion Chromatograph, Dionex Model 40001

2) Atomic Absorption Spectrophotometer, Hitachi
Maode! 170-30.

3) UV-Yisible Spectrophotometer, Shimadzuz Model
120-02

4) Digital Direct Reading Turbidimeter, Orbeco-
Hellige.

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

(unit : mg/l)

Tem Country KOREA W.H.O.  JAPAN CONADA US.A, FRANCE EEC
Color 5 15TCU 5 5TCU 15TCU - 20
Turbidity 2 ENTU 2 5]TU 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 5.8~8.6 6.5~8.3 6.5~8.5 — 6~9.5
Total Hardness 300 500 300 81~120 — = 35
KMnO,"Consumption 10 — 10 — - 1~1.5
Cl- 150 250 200 . 250 250 200~600 200
S0,? 200 400 — 500 250 260 5
Residual Solids 500 1, 000 500 500 500 — -
ABS 0.5 — 0.5 0.5 0.5 0~0.05 O.1
CN ND 0.1 ND 0.01 - 0.05 0.05
Hg ND 0.001 ND 0.05 0.002 0. 001 0.001
Organo_Phosphate ND — ND 0.002 e 0.3 —

F Ly 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 .05 0.05
Pb 0.1 0.05 0.1 .05 0.05 0.06 0.05
Zn 1.0 5.0 1.0 5.0 5.0 — 0.1~2.0
Cd 0.01 0.005 0.01 0.01 0.01 0. 005 0.005
Cr*s 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/m] — - — 0
Coliform ND/50ml —_ ND - 1/100ml 0 5
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Table 2. Monthly Distribution of Mean and Standard Error in Each Ttem

(unit : mg/)

Item
No. of ‘1 _ B
m sample Color Turbidity NHs-N  NO-N pH TH KMnO, Cl 50,
1 28 1.39 0.98 0.16 2.90 6.73 113.50 2.24 23.10 19.61
+£0.30  F0.39  £0.03 F£0.64 £0.00 3775  £0.41  £7.21 472
2 40 2.55 3.17 0.17 5.33 6. 66 137.18 1.85 26.87 93. 64
+0.92 +1.56 +0.07 +0.82 +0.18 £20.28 +0.25 +3.46 1-44.28
3 38 1.39 157 0.05 2.70 6.65 14247 2,27 18.92  17.25
+0.23 +0.65 +0.01 +0.73 +0.10 +24.24 +0.37 +2.24 +2.85
4 21 6.05 4.01 0.40 2.44 6.65 117.81 2.37 21.37 25.31
+2.49 +1.82 +0.15 +0.57 +0.14 +25.58 +0.41 +3.15 +6.10
5 b5 4.36 1.32 0.45 3.69 §.36 a3.27 4.59 20.63 18.98
£2.08 +0.56 10.3¢ +0.74 *+0.07 *13.84 £3.38 313 +3.46
6 56 0.88 0.%0 0.46 2.92 6.74 68.41 1.09 18.06 12,42
+0.07 +0.22 +0. 40 +0.50 +0.09 +8. 49 +0.44 +2.91 +1.85
7 40 3.65 4,38 0.12 1.95 6. 68 85.22 1.91 19. 22 15.55
+1.89  +2.32  +0.06 -+0.33 £0.06 =16.73 +0.57 £3.69 £2.79
8 31 5.5b 5,82 Q.14 4,50 6.78 90.68 2.21 36.49 39.05
+3.24 +3.60 +0.08 +1.20 +0.07 +13.77 +0.86 *7.77 +7.17
9 25 1.00 0.66 0.06 2,29 6.99 47.20 2.01 15.34 14.55
£0.00 0.25 :£0.02  £0.53 £0.17 760 +0.33 t4.14  £3.46
10 22 6.91 5.10 0.53 5.43 6.98 97.14 8.91 30.22 24,15
+4.38  +3.49 £0.23 +1.36 £0.11 1176 563 +512  15.48
11 22 8.59 8.30 .14 2.14 7.16 66,14 48.90 16.61 17.70
+4,77 +4.74 +0.05 +0.89 +0.19  +12.75 *46.25 +4.13 +7.82
12 28 2.00 2.64 0.17 4.13 7.19 129.75 2.02 19.28 10.08
40.83  :£1.50 F0.16 £1.62 £0.17 +43.64 £0.56 +£4.55 F3.77
~_Item
No. of -
® Sample RS F Fe Mn Cu Pb Zn S.P.C. Coliform
1 28 217.3 0,11 0,21 0.21 0,01 0.01 1.47 3,004.6 29,2
+56.8 £0.05 F0.10 +£0.13 £0.001  £0.001 £1.06 *1,707.8 13.8
2 40 275.6 0.25 0.83 0.76 0.03 0.0 0.71 1,340.0 42.4
+54.2  £0.06 40.41 +£0.30  £0.01 £0.001 *0.18 6890 £25.5
3 38 244.1 0.13 0.70 0.14 0.01 0.01 0.18 402.1 122.4
+22.1  £0.04 £0.35 +0.06 :0.00t +0.001 +000.6 +227.5 =£118.3
4 21 211.9 0.15 0.17 0.89 0.02 0.01 0.21 636.19 ND
+37.6 +0.05 +0.06 +0.45 +0.01  +0.001 +0.07  +362.86
5 55 178.3 0.13 0.07 0.24 0.02 0.01 0. b5 14,670.7 1,517.6
4244 +0.03 +0.02 +0.15 £=0.01 +0.00 +0.18 =+5,891.0 +647
6 56 136.1 0.14 0.08 0.06 0.01 .01 0.58 10,762.7 1,782.9
+17.5 +0.03 +0.02 +0.03 +0.001 +0.001 +0.13 +4,545.6 +937
7 40  167.2 (.18 0.57 0.28 0.01 0.01 0.37 7,065.7 886.3
+25.8 -+0.056 +0.29 +0.17 =+0.001 =+0.001 +0.13 £2,264.0 +452
8 31 197.5 0.24 0.39 0.13 0.01 6.01 0.51 3,.046.8 108.3
+25.0 +0.12 +0.23 +0.05 =+0.001 +0.001 +0.18 -=1,155.7 467.2
9 25 129.1 0.50 0.07 0.01 0.01 0.01 0.59 4,251.2 654.2
+26.8 +0.31 +4.04 +0.001 £0.001 £0.001 +0.28 £1,527.6 H-483.6
10 22 213.2 0.26 0.47 0.43 0.01 ND 0.60 7,312.3 922.2
+26.0 +0.14 40,18 +0.18 £0.001 +0.27 =£2,335.8 766.8
11 22 133.4 0. 46 1.33 0.35 0.01 ND 0.45 4,100.4 415.1
+30.1 0,25 +0.79 +0.17 +0.001 +0.13 41,686.6 £215.2
12 210.3 0.29 0.32 0.10 0.01 ND 0.49 3,746.4 83.3
+49.8 +0.11 +0.24 +0.09 +0.01 +0.20 +2,333.8 +64.6




Table 3. Distrbiution of Mean and Suitability for Standard in Each Item.

Mean+SE

No. of Suitable No. of Nonsuitable
{tem (unit : mg/D for standard(%) for standard(%)

Color 3.33:10. 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) a(2,2)
NH;-N 0.2510.07 379(93.4) 27(6.6)
NO;-N 3.37+0.25 371(91. 40 35(8.6)
pH 6.75+0.04 384(94.6) 22(5.4)
Total Hardness 98.866.46 390(96.1) 16(3.9)
KMnO,; Consumption 5.21+2.57 396(97.5) 10(2.5)
Cl- 21.89+1.26 405(99. 8) 1(0.2)
50,72 26.16£4.61 404(99.5) 2(0.5}
Residual Solids 191.67+10.01 388(95.6) 18(4.4)
ABS 0. 0030, 0001 405(99.8) 100.2)
CN ND 406(100.0) -

Hg ND 406(100.0) -

Organo Phosphate ND 406(100.0) —

¥ 0.2240.03 392(96.5) 14{(3.5)
Phenol ND 406100.0) -

Fe 0.40£0.08 366(90.1) 4009.9)
Mn 0.28:£0.05 362(89.2) 44(10.8)
Cu 0.0140.001 406(100.0) —

Pb 0.01+0.001 405(99. 8) 1€0.2)
Zn 0.56£0. 09 360(88.7) 46(11.3)
Cd ND 406(100.0) -

Cr*s ND 406(100.0) —

As trace 406(100.0) —

S.P.C. 5,952.5+1,005.5 186(45. 8) 220(54.2)
Coliform 683.2£173.0 285(70.2) 121(29.8)

Total Number in Each Ttem: 406
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Table 4. Correlation Coefficient(r)

and Prob-Value in Each Item

P Color  Turbidity NH;-N  NOy-N pH T.H. KMnO, Cl- S50,
Color 1.0000 0.7233** 0.1073% —0.1003* —0.0888 0.1910%* 0.1923**_ (.0378 0.0167
Turbidity 0.1600%* —0,1183* —0.0525 0.2472%% 0.0732 0. 0577 0.0169
NH;-N 0.0301 0.0012 1.0000  —0.0658 0.0040 0.1810%* 0.0334 0.1128°% 0.0318
NO;-M 0.0434 0.0162 1.0000 —90.1011* 0.1171*% —0.0103 0.4579%*  0.0445
pH 0.0738 0.2909 0.9360 0.0417 1.0000 —0.3347%%—-0,0182 —0.0530 —Q.3870%
T.H. 0.0001 0.0001 0. 0002 0.0183 0.3704%% 0, 4659%
KMnO, 0.0001 0. 1411 0.5015 0.8354 0.1002% 0.0776
Ci- 0.4473 0.2458 0. 0230 0. 0001 0.2783 0.0001 0.0436 1. 0000 0. 1095*
S0;* 0.7378 0.7348 0.5220 0.3713 0.0001  0.0001 0.1186 0,0273 1. 0000
R.S. 0.0002  0.0001 0.0001 0.0001 0.0001L 0.0001 0.0118 0.0001 0.0001
T 0.3320 0.1146 0.8862 0. 0869 0.0001 0.0001 0.7923 0. 4351 0.0003
Fe 0.0001 0,0001 0.1555 (. 0359 0.0001  0.0001 0.3374 0.6443 0. 0001
AMn 0.000F  0.0001 0.0001 0.0420 0.001 0. 0001 0.5502 0.0363 0.0001
Cu 0.8601 0.8217 0. 5585 0.4108 0.0001 ¢.0001 0.9775 0.9857 0.0001
Pb 0.0014 0.000% 0.0029 0.3186 0.3186 0.0013 0.0001 0.9459 0. 0052
Zn 0.7106 0.4608 0.8514  0.0498 0.1061 0.1181 0.9730 0. 4035 0.8368
S.P.C. 0.8381 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 (. 5877
N R.S. ¥ Fe Mn Cu " Pb Zn  S.P.C. Coliform
Color 0. 1867 0.0483  0.04318%F  0,2771%F 0.0088 0.1580%*  0.0185 —0.0101 —-0,0142
Turbidity  0.2225%%  (.0784 0.6603%*  0.3574**—0.0112 0,2472%%  0,0367 0.0256 0. 0053
NH-N ¢ 2073*%F  0,0071 0.0706 0.3875%* 0.0291 0.1474% —0.0093  0.3181%* 0, 2644%*
NO,-N (3. 2349%* —0,0851 --0.1042* —0.1010* 0.0409 —0.0496 0.0974%—0.0423 0. 0039
pE —0.3371%F  Q.2471%—0.2505™ -—0, 2450%* —0. 3339%* —0. 1504** —0.0803 —0.0416 —0.0041
T.H. 0.8946**  0.1969%* (.4699%F  0.5074%* (.3103** 0.4573%* 0,0777 0.0266 —0.0052
KAInO, 0. 1248* 0.0131 0.0477 0. 0297 0.0014 —0.0034 —0.0017 0.0352 (0219
CI- (0, BABO** —0 0388 0.0230 0.103% —0.0009 0.1385%*  0.0416 -0.0552 —0,0493
S0, (1. H953** 0 17671 0.3181%F 0.4848%*  0.6367** 0.1773** (.0103 --0.0266 —0.0270
R.5. 1, 0000 0.1724%%  0.3893%*F 0.4928**  (.3828** 0,3802** 0.0970 0.0461  0.0031
¥ 0. 0005 1. 0000 0.1511%F 0.1617**  0.0903 0.0572 —0.0322 —0.0456 —0,0423
Fe 0. 0001 0.6023 1, (0000 0.3789%*  0.2039*F 0,2838%* 0.0154 0.0041 —0, 0053
Mn 0. 0001 0.0011 0. 0001 1. 0000 0.2997*%¢ 0.3069**  0.0067 0.0340  0.0047
Cu ¢. 0001 0.0693 0.0001 0.0001 1. 0000 0.2555%*  0,0953 0.0332 0.0142
Pb 0.0001 0. 0001 0.2501 0. 0001 0. 0001 0.0001 0.1181% 0.0890 0.0457
in 0. 0500 0.5182 0.7575 0.8928 0. 0550 0.0173 1. 0000 0.2011** 0.013
S.P.C. 0.3540 0. 3599 0.9349 0. 4946 0.5044 0.0733 1.0000° 0.5760%*
Coliform (1. 9456 0. 3958 0.9154 0.9243 0.7748 0,380 0.8367 1. 0000
* p<l0.05 *#* p<0.01
COV{x,¥)
+ Prob-value= WJW
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Table 5. Seasonal Distribution of Nonsuitable for Standard in S.P.C. and Coliform.

No. of Nonsuitable No. of Nonsuitable

Season Month No. of Sample in S.PC in Coliform
March 38 13 5
Spring April 21 114 6 | 52(45.6%) — 1 28(24,6%)
May 50 13 23
June 56 31 17
Summer July 40 | 127 29 | 79(62.2%) 15 | 38(29.9%)
August 31 19 6
September 25 15 8
Fall October 22 ] 69 16 | 47(68.1%) 14 | 33(47.8%)
November 22 16 11
December 28 16 5
Winter January 28 96 16 | 42(43.7%) 8 22(22.9%)
February 40 10 9
Total 406 220(54.2%) 121(29.8%)
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