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Quality of Spring Water Influenced by Rainfall in Mudeung Mountain
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This study was performed to investigate the quality of spring water during the rainy periods in Mudeung
mountain, in April, May, July and August 2010. The variation of physicochemical items such as pH, TDS,
NO;-N, CI, SO;™ was not signigicant and the concentration at each sites satisfied with drinking water guide-
line except that of turbidity. The content variation of minerals like Ca>", Mg>*, K™, Na" showed generally stable
during the rainy periods. Even though a photo catalyte sterilizer was used, total coliforms and fecal coliforms
were detected in every sample collected, except for the one from Neutjae. That is why the sterilizing facility
is exposed to many environmental variables such as insolation and rainfall. According to the distribution of
species, at Jungmeorijae, total coliforms proliferate because of fecal contamination. However, at Neutjae, total
coliforms were caused by plant, soil and water, rather than fecal.

Key words: spring water, disinfection, photo catalyte sterilizer
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Table 1. Sampling site and properties of spring water at Mudeung Mountain

Sampling site Fountain Population Facility Disinfection treatment
Name Location head type (user/day) type Facility ~ type of supply

S1 %y Bukgu low spring water 200 natural dropping O electric
S2 = A Bukgu surface 150 natural dropping O electric
S3 yYgA Donggu low spring water 1500 natural dropping O solar
S4 =3y Donggu low spring water 400 natural dropping O solar
S5 =z A Donggu valley 800 natural dropping O solar
S6 = A Donggu gush 800 natural dropping

Fig. 1. Sampling sites in Mudeung Mountain.
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Table 2. Analytical methods and instruments for each item

Items

Methods and Instruments

pH pH meter (ORION 2504, USA)

NH;-N

NO;N, E CI7, SO¥
Consumption of KMnO,
Turbidity

TDS

UV-VIS Spectrophotometer (SHIMADZU UV-1201, JAPAN)
Ion chromatograph (DIONEX DX600, USA)

Titration method

Turbidity Method (HACH model 2100AN, USA)

TDS meter (IQ 170, USA)

Pb, As, Hg, Cr, Cu, Zn, Fe, Mn, Al, B, Se, Cd
Na, K, Mg, Ca

ICP-MS (Agilent 75004, USA)

Total colony
Total coliforms
Fecal coliforms

Microbiologicall

Plate count method
Tube method
Tube method

at, K*2, gol& 4xo2 F, CI, SOZ, NO, N
2B B FFES Cd, As 5 12358 24}
S pis WA Sgsslon, v Arye
C1830) A3 F ARE £C ol 4P g
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H 3
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Table 3. The amount of rainfall and average temperature
of sampling date in Gwangju

rainfall average temperature
month day (mm) ©C)
26 37 14.4
27 0 10.5
April 28 135 7.2
29 0 10.9
30 0 12.7
17 10 19.7
May 18 51.5 19.8
19 4.0 20.3
20 0 224
12 0 24.6
Jul 13 5.5 23.1
v 14 0 25.4
15 0.5 25.2
2 8.0 28.9
4 0 29.7
August 9 0 294
10 42.5 26.3
11 145 27.2
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Table 4. The water quality on Pyeongdume and Neutjae Unit : mg/L, except turbidity(NTU)

33 =A
KMnO, KMnO,
pH Turbidity Consum TDS F CI' NO,N SO Na Mg K Ca pH TurbidityConsum TDS F CI' NO,N SO Na Mg K Ca
ption ption
4/26 6.5 0.15 0.8 14 00 31 11 2.0 3.098 0.723 0.224 1145 69 0.15 0.8 15 00 24 05 12 3178 0.686 1.119 1.069
4/27 6.4 0.12 0.9 19 00 33 12 21 3706 0960 0.241 1384 6.5 0.33 0.9 14 00 23 06 13 2813 0.698 0.146 0.963
4/28 6.5 0.10 1.0 19 00 37 11 21 3666 0932 0210 1263 6.6 0.21 1.0 14 00 24 05 12 2757 0.657 0.127 0.897
4/29 6.4 0.08 0.8 19 00 32 11 21 3846 0972 0234 1316 6.6 0.20 0.8 14 00 24 05 13 2.880 0.709 0.140 0.901
4/30 6.4 0.07 1.0 19 00 31 10 19 3961 0994 0244 1412 65 0.15 1.0 14 00 24 04 1.1 3.049 0.692 0.128 0.848
517 6.5 0.06 0.9 19 00 29 10 2.0 3582 0.868 0.127 1431 6.3 0.12 0.9 14 00 24 03 1.1 2998 0.603 0.072 0971
5/18 6.5 0.39 1.0 19 00 22 13 2.8 3.028 0.903 0.206 1.652 6.3 2.88 1.0 15 00 23 04 13 2,683 0663 0.127 1.023
519 6.4 0.11 0.7 20 00 31 12 21 3779 1135 0258 1.789 6.4 0.30 0.7 15 00 26 05 14 2975 0.854 0.165 1.286
5/20 6.5 0.81 0.9 20 00 32 11 21 4386 1206 0294 1929 6.4 0.17 0.9 15 00 26 04 13 3352 0901 0.197 1.369
7/12 6.7 0.10 1.8 20 00 31 10 25 4933 1051 0308 1.721 69 0.13 24 15 00 24 06 15 4377 0961 0.281 1.524
7/13 6.7 0.10 19 19 00 29 09 26 5654 1252 0360 2.038 6.7 0.16 19 14 00 23 05 13 4185 0.882 0.253 1.468
7/14 6.7 0.12 19 20 00 29 09 24 4868 1.064 0.289 1.806 6.7 0.27 1.7 15 00 26 04 15 3999 0.846 0.250 1.419
7/15 6.8 0.26 13 23 00 28 09 25 4790 1.090 0300 1.825 6.7 0.28 13 15 00 24 04 14 3.827 0813 0.236 1.391
8/2 6.8 0.10 19 20 00 29 08 24 349 0954 0254 1526 6.4 0.34 21 16 00 26 03 15 2906 0.714 0.193 1.141
8/4 6.7 1.20 1.7 19 00 28 08 24 3517 0911 0.240 1465 6.6 0.93 19 16 00 23 03 16 2960 0.736 0.192 1.175
8/9 6.7 0.07 0.7 20 00 29 09 25 3514 0943 0250 1523 6.6 0.32 1.5 15 00 24 04 15 2966 0.745 0.196 1.095
8/10 6.7 0.20 2.1 20 00 29 09 24 3526 0962 0234 1514 6.7 0.93 1.0 15 00 23 04 14 2912 0.739 0.194 1.124
8/11 6.7 0.16 15 19 00 28 10 25 3519 0912 0243 1553 6.6 0.23 1.5 15 00 24 03 15 2934 0.748 0.192 1.149
mean 6.6 0.24 1.2 19 00 30 10 23 4.021 1.000 0.252 1672 6.6 0.43 1.0 15 00 24 04 14 3.061 0.862 0.263 1.334
SD 0.2 0.32 0.2 2 0 04 02 0.3 07 01 01 03 0.2 0.68 01 05 0 01 01 0.2 1.0 04 03 0.3
Pelﬂttf)eds.&&s <1 <10 *? <10<250 <10 <200 * * * % 5885 <l <10 * <l0<250 <10 <200 * *  *  *

1) means the standard for drinking water. 2) means not specified.
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Table 5. The water quality on Neodeolgeong and Bonghwangdae

Unit : mg/L, except turbidity(NTU)

EEE &2
KMnO, KMnO,
pH Turbidity Consum TDS F CI' NOs-N SOy Na Mg K Ca pH TurbidityConsum TDS F  CI NO,4N SO> Na Mg K Ca
ption ption
4/26 6.5 0.33 0.8 18 00 24 07 15 3.897 0.838 0.430 1649 6.5 0.06 0.8 24 00 40 08 19 5345 1.380 0.360 2.146
4/27 6.4 0.12 0.9 19 00 33 12 21 3706 0.960 0.241 1384 6.5 0.33 0.9 14 00 23 06 1.3 2813 0.698 0.146 0.963
4/28 6.5 0.10 1.0 19 00 37 11 21 3666 0932 0210 1.263 6.6 0.21 1.0 14 00 24 05 1.2 2757 0.657 0.127 0.897
4/29 6.4 0.08 0.8 19 00 32 11 21 3.846 0972 0.234 1316 66 0.20 0.8 14 00 24 05 1.3 2.880 0.709 0.140 0.901
4/30 6.4 0.07 1.0 19 00 31 10 19 3961 0994 0244 1412 65 0.15 1.0 14 00 24 04 1.1 3.049 0.692 0.128 0.848
5/17 6.5 0.06 0.9 19 00 29 10 2.0 3582 0.868 0.127 1431 6.3 0.12 0.9 14 00 24 03 1.1 2998 0.603 0.072 0.971
5/18 6.5 0.39 1.0 19 00 22 13 28 3.028 0.903 0.206 1.652 6.3 2.88 1.0 15 00 23 04 1.3 2683 0.663 0.127 1.023
5/19 6.4 0.11 0.7 20 00 31 12 21 3779 1135 0.258 1.789 6.4 0.30 0.7 15 00 26 05 14 2975 0.854 0.165 1.286
5/20 6.5 0.81 0.9 20 00 32 11 21 4386 1206 0.294 1929 64 0.17 0.9 15 00 26 04 1.3 3352 0901 0.197 1.369
7/12 6.7 0.10 1.8 20 00 31 10 25 4933 1.051 0308 1.721 69 0.13 24 15 00 24 06 1.5 4377 0961 0.281 1.524
7/13 6.7 0.10 19 19 00 29 09 26 5654 1252 0360 2.038 6.7 0.16 19 14 00 23 05 13 4185 0.882 0.253 1.468
7/14 6.7 0.12 19 20 00 29 09 24 4868 1.064 0.289 1.806 6.7 0.27 1.7 15 00 26 04 1.5 3999 0.846 0.250 1.419
7/15 6.8 0.26 13 23 00 28 09 25 4790 1.090 0.300 1.825 6.7 0.28 13 15 00 24 04 14 3.827 0.813 0.236 1.391
82 6.8 0.10 19 20 00 29 08 24 3496 0954 0.254 1526 64 0.34 21 16 00 26 03 1.5 2906 0.714 0.193 1.141
8/4 6.7 1.20 1.7 19 00 28 08 24 3517 0911 0.240 1465 6.6 0.93 1.9 16 00 23 03 1.6 2960 0.736 0.192 1.175
8/9 6.7 0.07 0.7 20 00 29 09 25 3514 0943 0.250 1523 6.6 0.32 15 15 00 24 04 15 2966 0.745 0.196 1.095
8/10 6.7 0.20 21 20 00 29 09 24 3526 0962 0234 1514 6.7 0.93 1.0 15 00 23 04 14 2912 0.739 0.194 1.124
8/11 6.7 0.16 15 19 00 28 10 25 3519 0912 0.243 1553 6.6 0.23 15 15 00 24 03 15 2934 0.748 0.192 1.149
mean 6.7 121 12 18 00 25 07 20 3510 1.086 0.452 169 6.7 0.10 11 22 00 40 06 19 5261 1330 0.252 1.870
SD 0.2 3.01 04 13 0 02 01 0.4 11 09 01 02 0.2 0.05 03 13 0 05 03 04 18 06 03 08
Pelfr‘:iittf)eds.8~8.5 <1 <10 *? <10<250 <10 <200 * * * * 5885 <1 <10 * <l0<250 <10 <200 *  * % *

1) means the standard for drinking water. 2) means not specified.
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Table 6. The water quality on Jungmeorijae and Dolsaem

Unit : mg/L, except turbidity(NTU)

SH A =4
KMnO, KMnO,
pH Turbidity Consum TDS F CI' NO,N SO Na Mg K Ca pH TurbidityConsum TDS F CI' NO,N SO Na Mg K Ca
ption ption

4/26 6.6 0.11 13 32 00 46 22 3.7 7819 2.058 0.373 3.787

4/27 6.5 0.16 12 31 0.0 47 23 3.8 5198 1.670 0.029 3.132

4/28 6.4 0.13 0.9 30 0.0 46 21 3.7 4956 1.551 0.000 3.011

4/29 6.4 0.11 0.8 30 0.0 47 21 3.7 5415 1.636 0.000 3.418

4/30 6.5 0.12 0.8 29 00 46 21 3.8 5521 1.603 0.000 3.512

5/17 6.4 0.28 1.0 31 01 40 20 45 4735 1553 0.000 3.023 6.3 151 12 36 00 38 07 40 6.128 1.832 0.386 4.716
5/18 6.6 0.93 1.6 30 0.0 38 20 45 4917 1492 0.000 2.896 6.8 0.18 11 35 00 40 08 58 5.757 1.690 0.377 4.536
5/19 6.5 0.13 0.8 30 0.0 47 26 41 5278 1993 0.041 3.638 6.8 0.13 19 36 00 36 05 24 6536 1.750 0.310 4.666
5/20 6.5 0.10 0.9 29 00 46 24 4.0 5826 2.192 0.068 3.952 6.9 0.28 2.2 34 00 35 05 2.1 7.045 1.859 0.361 4.989
7/12 6.4 0.15 1.7 29 00 35 15 49 6377 1473 0.092 2858 6.9 0.17 21 36 00 33 05 2.7 8934 1963 0.399 5.454
7/13 6.5 0.11 1.7 30 0.0 37 16 48 6.543 1690 0.085 3.198 6.9 0.26 19 36 00 33 05 2.7 7.785 1.677 0362 4.735
714 6.5 0.11 14 30 0.0 40 16 48 6.773 1.794 0.099 3425 6.8 0.36 2.3 35 00 33 05 2.3 9468 2.022 0433 5.541
7/15 6.4 0.15 14 30 00 39 16 48 7563 2.055 0.146 3918 6.9 0.19 2.3 33 00 35 04 2.0 6.553 1.749 0.103 3.459
8/2 6.6 0.28 2.1 29 00 36 17 4.7 4627 1578 0.049 3.084 6.9 0.23 2.0 35 00 34 03 1.8 6.051 1525 0371 4.333
8/4 6.5 0.13 2.8 29 00 37 19 48 4.841 1625 0.072 3201 6.8 0.69 2.6 35 00 34 02 1.8 5501 1436 0.284 4.123
8/9 6.7 0.07 1.6 30 00 39 21 48 3514 0943 0.090 2523 6.6 0.32 2.3 36 00 34 04 25 6966 0.745 0.196 3.895
8/10 6.6 0.81 1.6 30 0.0 41 22 46 3526 0962 0.064 2514 6.7 0.43 21 35 00 34 04 19 6912 0.739 0.194 4.124
8/11 6.7 0.16 15 31 0.0 40 20 46 3519 0912 0.103 2553 6.6 0.23 21 34 00 33 05 22 6934 0.748 0.192 3.649
mean 6.6 0.20 1.6 30 0.0 41 20 44 5432 1601 0.098 3.130 6.6 0.35 22 34 00 35 05 26 6981 1.423 0268 3.914
SD 0.2 0.20 04 10 O 05 03 0.5 08 02 01 04 0.1 0.6 0.6 1 0 02 02 1.2 15 02 01 06

Pelﬁttf)eds&&s <1 <10 *? <10<250 <10 <200 * * * % 5885 <1 <10 * <l0<250 <10 <200 *  * % %

1) means the standard for drinking water. 2) means not specified.

4518



REAL OElS] 9 AT 55 153
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SAE GG, £33 4 520012 FFAY A AFGHES ddslr] 98] 2007~2008F0) FEu) 2}
ST ol T AT wEW UER, vl AAaAE S AAEIT AL B3 A5 A

v, 28, 249 SEHYE 22~41mgl, 01~ EE Agsie] HesE 7|20 F83 e
0.6 mg/lL, 02~14mgL, 03~35mgLe Yeluti?, A e 2 §85 nlwslglon, A3 Table 73
wEb E5Aat oko] REAL o|sleky ARl 4 7

st vRHE oE GPANE & 5 UF0l A DS RIGPAN e FEIW
slre] frERet Ee) WAl B, 3 4 3L wSE, WY Adont By egde AR
o] 47 Fee W AxrE B, o] ohEE 1 AR APl SNE AAA B A
oz ded Uk 2y HEE 297129 100

323. "AE CFU olal/mLE 2343t 7%= Mo SA7Fs4
Q7lol} BFEY Ple] BE £2 EHA BA ol dlrh. 47 Azl W=w A F34 A - Fo
s FUgae 5ol Bold AZEW AEQwel  BE ARdd Qume HeE FA7F o) Ee

Table 7. Positive rate of microorganism from spring water in Mudeung Mountain

Before flow of sterilizer facility After flow of sterilizer facility
Name month - - ; ]
Total colony Total coliformsFecal coliforms Total colony Total coliformsFecal coliforms
Permitted limit" 100CFU/mL ND/100 mL ND/100 mL  100CFU/mL ND/100 mL  ND/100 mL
April n?=5) 0 59 3 0 4 2
7= May (n=4) 0 4 4 0 4 3
ST July (n=4) 0 4 3 0 4 3
August (n=4) 0 4 3 0 4 3
April (n=5) 0 3 0 0 0 0
= May (n=4) 0 1 1 0 0 0
= July (n=4) 0 2 1 0 1 0
August (n=4) 0 1 0 0 0 0
April (n=5) 0 2 1 0 2 1
Ha 7 May (n=4) 0 1 1 0 1 1
July (n=4) 0 4 4 0 4 4
August (n=4) 0 3 2 0 3 2
April (n=5) 0 2 1 0 0 0
230 May (n=4) 0 4 3 0 1 1
July (n=4) 0 4 4 0 4 4
August (n=4) 0 3 3 0 3 3
April (n=5) 0 4 4 0 2 1
= May (n=4) 0 3 3 0 3 3
A Ty =g 0 4 4 0 4 4
August (n=4) 0 3 3 0 3 3
April - - -
= May (n=2) 0 2 0
S July (n=4) 0 4 3
August (n=4) 2 1

1) means the standard for drinking water. 2) means the number of survey. 3) means the number of positive.
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freundive 215, EY, B 504 flske Al &
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Table 8. Classification of coliforms isolated from spring water in Mudeung mountain

Numbers of Isolates

Strain Total
A 97 el A A4
E. coli 13 8 4 29 16 70
Klebsiella pneumoniae 1 1 2
Klebsiella oxytoca 1 5 1 7
Enterobacter amnigenus 2 7 2 11
Enterobacter aerogenes 1 1 2
Enterobacter cloacae 3 2 1 6
Citrobacter freundii 33 10 1 1 12 57
Serratia marcescens 3 5 8
Acinetobacter baumannii complex 1 1 1 3
Providencia alcalifaciens 1 1 2
Pantoea spp 3 1 4
Providencia rettgeri 2 2
Raoultella planticola 1 1 2 11 4 19
Raoultella ornithinolytica 1 1 1 3 6
Aeromonas salmonicida 1 1
Kluyvera cryocrescens 1 11 12
total 50 29 29 60 44 212
A ofrE Il iE 477t 22 F 4.4 £

AEPTE 2 F EHedd 93 E coli7l 167,
Kiebsiella <5+to] 2772 ZHE= AL, A7 EAst
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