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Fig. 1. The schematic description of vertical geological for-
mations in deep confined aquifers. A, B, C-1, and C-2 represent
the name of boreholes. The gray columns represent the agquifers.
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Table 1. Physicocheruical characteristics of deep confined aquifers

A2 YR Aee] B4 299t 49

A c-1 c2
Temperature (*C) 15.5-17.3 (15.5) 14.0-15.0 (14.3) 14.5-16.0 (15.0) 13.3-17.0 (15.3)
pH 6.9-7.3 (7.1) 6.8-7.1 (6.9) 8.1-86 (8.3) 8.1-85 (8.3)
Hardness (mg 1) 196-240 (218) 43211 (102) 211331 (284) 198-359 (297}
NPOC* (mg I) 0.3-1.5 (0.9) 0.5-1.7 {0 9) 0.9-1.8 (1.4) 1.42.5 (1.9)
PO, (ug i 0.1-3.1 (1.3) 0.2:0.7 (0.5) 0.3-45 (2.4) 5.1-213 (13.0)
NH, (ug I} 0.01-0.51 (0.23) 0.01-0.08 (0 D) 0.02-0.53 (0.32) 0.63-8.35 {3.74)
NO, (ug 1) 1.926.1 (13.1) 1.9-45 (2.9) 2.5-15.1 (69) 19.3-56.1 (36.2)
NO, (ug 1Y) 70-189 (127) 6-360 (177) 150-086 (457) 569-2531 (1431)

"bareholes, "Non-purgeable organic carbon, “minimum-maximun (average) value
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FAME A Ak e 52 Al (ESed ok
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= Vel Aldel Z Al 3] BellA] o] #4d-g A
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FLoeE FEIch = eofdA] ok 800me] e
7t Alskrae] Faldal 10° cells ml '(23) 557 |
gl o, A BE FATIF olux) ozt Ao
A C2% olur) 1] g £Foletw & 5 9r) SA9FF|
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Fig, 2. Comparisons of bacterial densities and activities of deep
confined aquifers through the sampling periods. Panels A, het-
crotrophic plate counts; B, bacterial secondary production; C, to-
tal bacterial number.
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#Zalgr 4 glglr} Acmetobacten Ezkenella, Moraxella,
Pseudomonas, Bacillus, Micrococcus 450) A4- 02 &
At slshen, b AT FUE FES 23 £44
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Streptococcus J—WD]ME}, Eo|g AL A5 S5l & S

oA Atz o 7 Aslrells FAlalA| hevin Musl A
T52 %ﬁi"f‘}iﬁk of & el Aoz 23 -S4
7 <= Entercbacteriaceae group®} 7% akAd H]if Sta-
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phylococeus, EnterococcusZ 5 <~ v} Bnterobacteriaceae

Argal}l F-Ee] Abfe]l miAd Bl AR Aol
dulzl o 2 Fashka] $F= group(8)e]™ Stephviccoccus
- Enterococcus 2] A 3lkpellle S5k o= o))
o ¢1F E9 L 0% eao e Askes) 2oy
o] ¢le-5 vjehl] &£} Capuano (B2 Staphviococcuss)
Enterococcztsg slRodyde g iE e 098 odg

B el REeA ALs)igcd, o ER Suphylococcus2)
Enterococcuss 4] AEY ¢ oe= w4E Ak 2T
29 RA) AP AL AR ATLHY B P
shel stihe] o] G zlolet THesc

el AT Amo} S A ES2RE Asezd ¢
ol ZA7]) =l A ZAFR] E3E= Table 34 A2 = o]
Slek. Eepgee 1289 2AA 63 EAQen 5
5] 27 C2ellAlE 250 mleld T 61 CFU#MA] 7&slgl
ol FEA T 94 313 A, B, G204 HEEgle
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Table 3. The abundance of indicator bacteria in deep confined
aquifers

Al B C-1 -2
Total coliforms 0,0 4 & 0,0 0,0,1 3,18, 61
(CFU/250 ml)
Feeal coliforms D,a,2 300 0,00 2, 21, 34
{CFU/250 ml)
Fecal Streptococcus 0,00 2,1,0 0,0,0, 3 21, 55
(CFU/250 mi)

“bareholes, “the number of indicator bacteria in December-1993, Tan-
nary-1996, and February-1996 in sequential order.

Table 2. Summary of the genus of identified bacieria in deep confined aquifers

A" B C-1 C-2
95/12 9672 9635 9512 9653 961 963 9512 961 963

Acinetobacier 28 a 4 3 6 9 8 8 G 3 57
Chromobacterium 0 @ L 1 0 0] 0 0 (] U} 2
Ekenelin 7 10 3 7 3 14 4 4 13 3 68
Kingella 1 2 a 6 1 2 0 1 D 0 13
Moraxella 3 2 11 3 3 3 I 4 7 18 35
Neiseria 2 2 1 2 4 12 3 13 7 L] 51
Pseudomonas 2 3 1L 0 4] 8 3 13 7 7 68
Achromobacter 1 0 1 0 0 i 2 1 (] 1 7
Enterobacteriaceae 0 3 3 0 0 0 4 0 0 3 13
Bordetella 0 0 0 0 0 0 0 2 1 (] 3
Flavobacterium 0 0 0 0 0 0 0 1 0 0 1
Pastenrella 0 0 a 0 0 2 0 0 0 2
Bacillus 1 1 5 4 L 1 1 i 1 2 18
Micrococeus 1 3 4 10 2 4 2 2 L 2 31
Strepiococens Q 1 0 2 1 2 0 0 0 2 8
Staphvlococcus 0 2 2 1 0 G 3 0 1 2 11
Aerococcus 2 1 4 2 1 2 2 2 0 0 16
Enterococcls 0 0 6 0 1 3 0 2 1 3 16
Unidentified 2 2 1 2 4 13 3 13 7 6 53

sum 22 a8 56 49 29 62 35 54 45 52 442

‘boreholes, "'sampling time. “thc number of identified isolates,
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ABSTRACT : Evaluation of Bacteriological Safety in Deep Confined Aquifer

Jang-Cheon Cho and Sang-Jong Kim* (Department of Microbiology, College of Na-
tural Sciences, Seoul National University, Seoul 151-742, Korea)

The study on the bacterial distribution was performed to evaluale the bacteriological safety in 4
deep confined aquifers drilled for drinking. All the investigated aquifers were oligotrophic, however,
bacterial densities and activities and the number of indicator bacteria in C-2 boreholes were much
higher than those in other boreholes. Fecal pollution was observed in 3 boreholes excepl C-1 borehole.
The ratio of gram positive bacteria of the C-2 borehole was much lower than those of another
boreholes. The numbers of total coliforms, fecal coliforms, and fecal Sirepiococcus in the C-2
boreholes were 61, 33, 55 CFU (250 ml)™', respectively. The most frequently isolated genera in the
deep confined aquifers were Acinetobacter, Eikenella, Moraxells, Psendomonas, Bacillus, or Micro-
coccus. The groups of Enterobacteriaceae, Staphylococcus and FEnierococcus, which were generally
known as non-existing organisms in aquifers, were found in the studied aquifers. From these results,
it was expected that the surface water containing fecal pollutants has discharged into the aquifers.



