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Table 1. Sampling of potable groundwater

Group Samples’ Source Date
CW  bottled water 2000.3. 7.
I CJ  Dbottled water 2000.3.7.
GR  bottled water 2000. 3. 7.
DPG mineral water (Daepyungri) 2000.5. 12.
II CJG1 mineral water (Cheongwongun) 2000.5.13.
CJG2 mineral water (Cheongwongun) 2000. 5. 13.
. TJ  edible water (Taejeongdong) 2000.3.7.
WS edible water (Wonshinheungdong) 2000.3.7.
v NPG1 edible water (Nonsan-stock farm area) 2000. 8. 4.

NPG2 edible water (Nonsan-stock farm area) 2000. 8. 4.

“Shorthand names of potable groundwater samples.
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Fig. 1. Changes of cell length during incubation time in DNB medium wi

acid. (stained with EtBr)

Table 2. TDC, DVC and PC value collected from 10 groundwater
samples

Group  Samples TDC DV(C? PC*
cw 2.9%10° 1.7x10° 4.4x10*
I CJ 9.9%10° 8.3x10° 3.8x10°
GR 1.7x10° 1.3x10° 6.7x10*
DPG 4.3x10* 2.1x10* 2.8%10?
I CIG1 9.7x10* 5.1x10* 4.2%10?
CIG2 1.2x10° 7.8x10* 2.3x10?
- TJ 1.3x10° 1.0x10° 6.2x103
wSs 5.4x10° 3.1x10° 2.1x103
v NPG1 2.8%10° 2.1x10° 1.5x10*
NPG2 2.6x10° 1.4x10° 8.7x10*

“TDC; total direct count, °DVC; direct viable count, “PC; plate count.
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Fig. 2. Photograph of the detecting active bacteria in potable
groundwater by the CFDA (6-carboxyfluorescein diacetate) method.
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Fig. 3. Comparison of total direct count (TDC), direct viable count (DVC), CFDA count and plate count (PC) from representative 4 samples of

potable groundwater.
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Fig. 4. Comparison of the number of bacterial colonies on nutrient broth (NB), 107 diluted nutrient broth (DNB) and R2A plates from

representative 4 samples of potable groundwater.
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ABSTRACT: The Observation and a Quantitative Evaluation of Viable but Non-Culturable Bacteria in
Potable Groundwater Using Epifluorescence Microscopy
In-Gi Kim, Takashi Someya', and Kyung-Sook Whang* (Department of Microbiology,
Mokwon University, Daejeon 302-729, Korea, 'Department of Applied Biological Science Fac-
ulty of Agriculture, Saga University, Saga 840-8502, Japan)

The direct viable count (DVC) and plate count (PC) methods was used to measure the number of bacteria in
potable groundwater samples collected from bottled water from the market, mineral water, and edible ground-
water near the urban areas and the stock farming congested areas. As a result, the number of living bacteria by
DVC was comprised 30~80% of the total direct count (TDC), whereas the number of living bacteria by PC was
around 1~30% of DVC. Such results show that viable but non-culturable (VBNC) bacteria exist in the potable
groundwater with high percentages. On the other hand, upon measuring the value from the conventional nutrient
broth (NB), 10~ fold diluted nutrient broth (DNB), and R2A broth, the values from the DNB and R2A showed
2~50 times higher than the conventional NB medium. These results indicate that oligotrophic bacterial groups
which can multiply in the low nutrient broth abundantly exist in the oligotrophic environment like potable
groundwater.



