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This study was performed to investigate the water quality of non-designated spring in Gwangju. Samples
were collected at 9 sites from April 2012 to March 2013. The average concentrations of physicochemical items
at each sites satisfied with drinking water guideline except microorganisms. The concentrations of main min-
erals including Ca®*, Mg?", K™ and Na* showed generally similar and higher than those of bottled minerals
water in some sites. Total coliforms and fecal coliforms were detected in some sample collected except S1 and
S4 site. The microorganisms isolated in the natural mineral water found out E. coli (62%), Raoultella planticola
(10%), Citrobacter freundii (9%) and so on. Detection of these microorganisms showed that the environment
around the spring had been exposed to fecal contamination. For the efficient control, the government office
needs to designate the S1 and S4 site found out the acceptance for drinking water standard as the management

spring water.
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Fig. 1. Sampling site of non-designated spring in Gwangju.
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Table 1. Sampling sites and the status of non-designated springs in Gwangju

No. Name Location Latitude Longitude hlzc;lént;gle ?Ss‘:rlfdt;?;)l
S1 Jisanyuwonji Golfjang Donggu  355'51"3 N 12656'21"6 E surface 40
S2 Jisanyuwonji Chultop Donggu  35840"3 N 12656'36"5 E surface 10
S3 Jungang Park Seogu 358'19"9 N 12651'56"7 E groundwater 40
S4 Geumdangsan Entrance Seogu  35733"76 N  12652'12"9 E groundwater 40
S5 Okchunsa Namgu 356'57"1 N 12653'43"3 E surface 1-2
S6 Back hill of ex-Gwahakgo Namgu 357'29"78 N 12653'34"3 E surface 10
S7 Back hill of Deaju 1st apartment Namgu  35551"9 N  1265621"12 E surface 10
S8 Samgaksan trail Bukgu 3511'31"'3 N 12653'56"7 E surface 10
S9 Gwangju lake eco-garden Bukgu  3511'7"36 N 1270'1"31 E groundwater 40
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Table 2. Analytical methods and instruments for each item

Items Methods and Instruments
pH pH meter (ORION 250A, USA)
NH;-N UV-VIS Spectrophotometer (SHIMADZU UV-1201, JAPAN)

NO,-N, F, CI, SO*
KMnO, Consumption
Turbidity
TDS
Pb, As, Hg, Cr, Cu, Zn, Fe, Mn, Al, B, Se, Cd
Na, K, Mg, Ca

Ton chromatography (Metrohm 850 Profic IC, Swiss)

Titration method
Turbidity Method (HACH model 2100AN, USA)
TDS meter (IQ 170, USA)
ICP-MS (Agilent 7500A, USA)
ICP-MS (Agilent 75004, USA)

Total colony
Total coliforms
Fecal coliforms

Microbiological

Plate count method
Tube method
Tube method
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Table 3. The results of water quality on physicochemical items at sampling sites
unit: mg/L except turbidity (NTU)

analytical items

Site pH Hardness KMnO‘% color Turbidity CI° SO NO,N F  TDS
consumption .

spring (n?=5) 7.6 63 0.8 1 0.09 5 9 1.2 0.0 88

s1 summer (n=4) 7.6 55 0.8 1 0.03 4 10 0.6 0.0 89

fall (n=4) 7.2 73 0.7 1 0.02 5 10 0.8 0.0 86

winter (n=4) 7.8 74 0.7 1 0.14 6 9 0.9 0.0 88

spring (n=5) 7.0 61 0.8 1 0.38 7 5 3.7 0.0 79

2 summer (n=4) 6.7 54 0.7 1 0.16 8 4 4.9 0.0 81

fall (n=4) 6.2 54 0.7 1 0.23 9 6 4.5 0.0 80

winter (n=4) 6.7 58 0.8 1 0.21 9 6 3.5 0.0 77

spring (n=4) 6.6 44 0.9 1 0.16 10 4 1.9 0.0 68

$3 summer (n=3) 6.5 53 0.8 1 0.02 12 5 3.7 0.0 66

fall (n=4) 6.3 52 0.7 1 0.08 12 7 4.0 0.0 69

winter (n=2) 6.0 46 0.8 1 0.04 13 6 1.2 0.0 64

spring (n=>5) 6.9 119 0.6 1 0.03 18 11 2.8 0.0 143

s summer (n=4) 6.6 112 0.8 1 0.02 20 12 2.9 0.0 149

fall (n=4) 6.6 129 0.6 1 0.04 27 13 3.2 0.0 148

winter (n=4) 6.8 114 0.7 1 0.02 23 13 3.2 0.0 143

spring (n=>5) 6.7 44 0.8 3 0.85 7 7 1.2 0.0 52

S5 summer (n=3) 6.4 59 0.8 3 0.88 5 8 1.2 0.0 56

fall (n=4) 6.1 70 0.9 2 0.73 6 8 0.8 0.0 54

winter (n=4) 6.4 42 1.2 2 0.72 6 8 0.7 0.0 53

spring (n=>5) 6.8 53 1.1 1 0.38 6 6 24 0.0 67

6 summer (n=4) 6.5 31 1.0 1 0.38 4 6 2.0 0.0 66

fall (n=4) 6.3 56 0.9 1 0.43 6 6 2.6 0.0 69

winter (n=4) 7.2 51 1.2 1 0.27 6 6 2.8 0.0 65

spring (n=>5) 7.1 91 0.7 1 0.20 8 11 3.0 0.0 106

57 summer (n=4) 7.4 74 0.8 1 0.06 7 8 3.6 0.0 104

fall (n=4) 6.7 83 0.8 1 0.26 9 9 2.9 0.0 106

winter (n=4) 7.0 91 0.7 1 0.06 9 9 3.5 0.0 105

spring (n=>5) 6.4 29 0.9 1 0.44 6 3 3.9 0.0 54

sg summer (n=4) 6.0 30 0.9 1 0.20 3 3 4.9 0.0 51

fall (n=4) 6.0 47 1.0 1 0.30 4 3 4.6 0.0 53

winter (n=4) 6.0 39 1.3 1 0.21 5 3 44 0.0 52

spring (n=2) 6.7 159 0.7 1 0.05 28 15 4.6 0.0 188

9 summer (n=4) 6.2 144 0.7 1 0.03 32 18 5.6 0.0 191

fall (n=4) 6.6 167 0.8 1 0.05 33 19 5.6 0.0 186

winter (n=2) 7.3 159 0.7 1 0.03 34 20 6.2 0.0 183

maximum 7.8 167 1.3 3 0.88 34 20 6.2 0.0 191

minimum 6.0 29 0.6 1 0.02 3 3 0.6 0.0 51

S.D 0.5 29 0.2 0.5 0.24 9.1 44 1.6 0.0 44
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Table 4. The results of water quality on minerals at sampling sites
unit: mg/L
Site analytical items
Ca** Mg?t K* Na®
spring (n?=5) 16.4 2.4 1.2 8.7
s1 summer (n=4) 19.8 3.8 2.3 8.5
fall (n=4) 21.8 1.9 0.2 8.4
winter (n=4) 25.1 2.1 0.4 11.1
spring (n=5) 9.8 3.1 1.0 9.0
$2 summer (n=4) 17.0 3.5 0.4 9.9
fall (n=4) 12.4 3.2 0.2 10.8
winter (n=4) 15.0 4.2 0.2 12.0
spring (n=4) 11.1 29 0.2 10.6
s3 summer (n=3) 15.9 3.9 0.7 12.7
fall (n=4) 12,5 3.0 0.6 119
winter (n=2) 12.8 3.1 0.9 12.1
spring (n=>5) 22.0 55 0.5 13.9
sS4 summer (n=4) 27.3 6.5 0.7 14.6
fall (n=4) 34.6 8.4 0.4 16.6
winter (n=4) 33.1 8.0 0.5 16.2
spring (n=>5) 10.2 3.0 0.4 11.2
S5 summer (n=3) 15.7 3.9 0.4 11.1
fall (n=4) 7.8 2.1 0.3 9.8
winter (n=4) 8.1 2.5 0.3 9.8
spring (n=>5) 13.1 4.3 0.3 12.0
6 summer (n=4) 8.3 3.0 04 9.7
fall (n=4) 9.6 3.6 0.2 11.1
winter (n=4) 10.9 4.1 0.2 11.0
spring (n=>5) 20.2 4.6 0.3 10.1
s7 summer (n=4) 21.6 4.8 0.4 10.0
fall (n=4) 22.7 4.8 0.2 105
winter (n=4) 27.7 5.5 0.4 10.1
spring (n=>5) 16.0 3.8 0.8 10.6
S8 summer (n=4) 13.2 3.3 0.7 9.9
fall (n=4) 6.6 2.2 0.5 9.6
winter (n=4) 7.8 2.9 0.7 10.3
spring (n=2) 17.8 6.6 0.7 13.9
9 summer (n=4) 30.1 114 1.0 16.0
fall (n=4) 38.8 14.5 0.8 18.1
winter (n=2) 39.1 15.0 1.0 18.2
maximum 39.1 15.0 2.3 18.2
minimum 6.6 1.9 0.2 8.4

SD 9.0 3.2 0.4 2.6
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Table 5. The positive of microorganism at sampling sites
Site Microorganisms
Total colony Total coliforms Fecal coliforms
Permitted limit? 100 CFU/mL ND/100 mL ND/100 mL

spring (n”=5) 0~ 0v v
summer (n=4) 0~12 0 0

51 fall (n=4) 0~10 0 (0%) ) (0%)
winter (n=4) 0 0 0
spring (n=>5) 0~4 1 0
summer (n=4) 0~38 3 0

52 fall (n=4) 225 4 (58.8%) 3 (29.4%)
winter (n=4) 0~2 2 9
spring (n=4) 0~2 0 0
summer (n=3) 2~11 3 1

53 fall (n=4) 0~120 4 (61.5%) X (30.8%)
winter (n=2) 0~4 1 9
spring (n=>5) 0 0 0
summer (n=4) 0~2 0 0

S4 fall (n=4) 0 0 (0%) 0 (0%)
winter (n=4) 0 0 0
spring (n=>5) 2~11 1 1
summer (n=3) 10~120 3 1

S5 fall (n=4) 554 4 (93.7%) A (62.5%)
winter (n=4) 0~14 4 1
spring (n=5) 4~19 ) 3
summer (n=4) 9~2000 4 9

56 fall (n=4) 3400 A (88.2%) ; (58.8%)
winter (n=4) 0~10 3 9
spring (n=>5) 0~15 0 0
summer (n=4) 2~31 3 0

ST fall (n=4) 0~20 3 (35.3%) 1 (5.9%)
winter (n=4) 0~3 0 0
spring (n=>5) 0~3 1 1
summer (n=4) 7~82 4 0

58 fall (n=4) 280 3 (47.0%) 0 (5.9%)
winter (n=4) 0~1 0 0
spring (n=2) 0 1 1
summer (n=4) 3~82 2 0

59 fall (Il=4) 5~200 3 (583%) 0 (83%)
winter (n=2) 0~2 1 0

Dmeans the standard for drinking water, ?means the number of survey, ®’means the range of CFU (colony forming units),

Ymeans the number of positive.
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Table 6. Classification coliforms isolated from sampling sites

Numbers of Isolates

Strains ST w2 B M % % s % s o

E. coli 8 8 10 33 8 12 79
Klebsiella pneumoniae 1 1 2
Klebsiella oxytoca 4 2 1 2 9
Citrobacter freundii 1 2 2 3 1 1 1 11
Raoultella planticola 5 2 4 2 13
Raoultella ornithinolytica 1 1
Serratia marcescens 1 4 1 6
Enterobacter aerogenes 1 1
Unidentified 2 2 1 5
total 20 13 15 39 13 23 4 127
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