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Fig. 1. Schematic map of sampling sites in the study
area.
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Table 1. 7The mean values of raw water qualities from
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Al
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1997 to 1992

Parameters Unit ~Mean SD N Max. Min.

Water temp. °C 16.8 8.0 23 27.0 23

pH 7.56 0.19 23 7.95 7.10

DO mg/! 9.3 2.1 23 14.0 6.4

Turbidity NTU 9.9 6.5 23 32.0 238

TOC mg/! 1.56 0.33 23 2.83 0.59

NH:-N ug/l 8.08 9.89 23 43,50 061

NO;-N g/l 134433 856.60 23 3126.36 194.75

NO:-N ug/l 27.55 13.86 23 65.05 7.31

PO-P g/l 11.06 10.60 23 58.33 4.68

Enterobacteriaceae cfu/m/ 374E+02 1.70E+03 23 820E+03 1LOOE—01

HPC bacteria cfu/m/ 6.59E+ 04 7326404 23 3.05E+05 1.22E+403
SD=standard deviation
N=number of samples

Table 2. The mean values of treated water qualities from 1997 10 1992,

Parameters Unit Mean SD N Max. Min.

Water temp. °C 164 7.3 23 258 1.3

pH 7.16 0.14 23 7.40 6.90)

DO mg/! 10.0 1.7 23 13.4 7.0

Turbidity NTU 1.2 0.9 23 4.2 0.3

TOC mg// 1.03 0.50 23 2.31 0.33

NH:-N ug/l 7.37 8.13 23 37.97 1.13

NO:-N ug/l 1066.12 489.26 23 244223 23140

NO,-N ug/l 0.15 0.31 23 0.99 0.00

PO,-P g/l 7.49 3.50 23 19.54 344

Free chlorine mg Cl/1 1.1 0.5 23 2.0 0.2

Enterobacteriaccae cfu/100 m/ 843E—01 3.56E+00 23 1.75E +01 0.00E + 00

Injured Enterobac.  c¢fu/100 m/ J35E+00 T1TEA+00 23 270E+-01 0.00E+00

HPC bacteria clu/m/ LLO3E+03 1.21E+03 23 4.29E+ 03 1.50E+01
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Table 3. The mean values of tap water qualities from 1997 to 71992,

Treated water

Distribution systems

Parameters Unit
(0.0 km) Tap K1(3.0 km) Tap K2(6.5 km) Tap K3(13.0 km)
Water temp. °C 16.4(1.3-25.8) 16.5(1.5-26.5) 16.8(2.0-26.5) 17.7(3.0-28.0)
pH 7.16(6.90-7.40) 7.13(6.80-7.40)  7.18(6.82-7.50) 7.23(6.90-7.50)
DO mg/! 10.0(7.6-13.4) 9.9(5.2-13.8) 9.3(6.5-13.0) 9.5(7.4-13.0)
Turbidity NTU 1.2(0.3-4.9) 1.2(0.3-4.1) 1.2(0.3-3.9) 1.1(0.3-4.8)
TOC mg/l 1.03(0.33-2.31) 0.98(0.30-1.84)  0.93(0.17-2.18) 0.82(0.12-1.70)
NH;:-N ug/l 7.37(1.13-37.97) 5.88(0.61-25.61) 5.69(0.87-31.66) 5.26(0.61-21.92)
NO;-N mg/l 1.07(0.23-2.44) 1.07(0.20-1.56)  1.12(0.62-1.70) 1.05(0.12-1.44)
NO:-N g/l 0.15(0-0.99) 0.10(0-0.72) 0.17(0-0.99) 0.76(0-3.36)
PO,-P g/l 7.49(3.44-19.54) 7.62(3.03-16.65) 8.22(3.85-15.41) 7.67(4.68-13.76)
Free chlorine mg Cl/l - 1.1{0.2-2.0) 0.9(0.2-2.0) 0.5(0.1-1.0) 0.2(0-0.7)
Enterobacteriaceae cfu/100 m/ 0.8(0-17.3) 2.3(0-47.5) 1.9(0-37.5) 1.4(0-25.5)
Injured Enterobac. cfu/100 m/ 3.4(0-27) 2.8(0-35) 2.5(0-30) 3.6(0-27.5)

HPC bacteria

cfu/100 m/ 1.03E3(1.50E1-429E3)3.53E2(2-2.66E3)5.06E2(3.67-2.17E3) 1.35E3(9.25-5.41E3)

Values in parentheses represent the range of observed data.
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Table 4. HPC bactenia identified from raw water, treated water and tap waters.
Generic name Raw Treated Tap Tap Tap Sum Ratio
cne e water water water Kl water K2 water K3 (%)
Acinetobacter 52 82 91 51 44 320 38.1
Pseudomonay 76 55 43 65 55 204 35.0
Moraxellu 2] 7 1] 8 8 44 5.2
Flavobacterium 1 0 0 | 0 2 0.2
Alkaligenes 5 5 2 0 1 13 1.6
Kingella 2 0 | 3 1 7 0.8
Enterobacteriaceae 2 0 0 0 0 2 0.2
Borderellu 2 | 4 1 2 10 1.2
Pasteurella 2 1 1 3 | 8 1.0
Chromobacterium 1 2 3 1 4 11 1.3
Achromobacter 0 1 1 3 0 h (.6
Neisseria 1 0 0 3 1 S 0.6
Micrococcus 13 9 14 7 32 75 8.9
Streptococcus 7 3 4 5 21 40 4.8
Aerococcus 0 | 0 0 3 4 0.5
Sum 185 167 164 151 173 840 100
Diversity index 1.65% 1.658 1.289 1.551 1.751 1.615
Table 5. Species of Enterobacteriaceae identified from raw, treated. and tap waters.

e Raw Treated Tap Tap Tap Sum Ratio
Name of Species water water water Kl water K2 water K3 (%)
Enterobacter  agglomerans 44 15 12 11 14 98 72.6
Enterobacter cloacae 4 1 4 10 7.4
Enterobacter sakazakii 1 1 0.8
Serratia plymuthica 5 1 1 4 12 8.9
Serratia odorifera 1 1 0.7
Citrobacter freundii 3 2 1 6 4.3
Escherichia coli 3 | | 5 37
Klebsiella pneumoniae l 1 0.7
Shigella dysenteriae 1 | 0.7
Sum 59 17 21 11 23 135 100
Diversity index 0913 0.444 1.295 0 1.288 1.046
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Table 6. Relevancy of raw water qualities to the water
quality standard.

Mean Number of

Parameter Unit Standard . .
quality violence

pH 65~85  7.56 0
DO mg// 25 93 0
BOD mg/! <3 2.03* 2

Enterobac-
teriaceae MPN/100 m/ 1000 37400 12
T-N** mg/! <04 1.4 22
T-PH** mg/l <0.03 0.011 1

*TOCX 1.3

**NH;:-N+ NO,-N+ NO:»-N

*¥4PQ),-P
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Table 7. Relevancy of treated water qualities to the water quality standard.

Parameter Unit Standard Meap Nu_mber of
quality violence

pH 5.8~8.5 7.16 0
Hardness mg CaCOy/! <300 497 0
Turbidity NTU 1.2 2
NH;-N mg/] 0.01 0
NO;-N mg/l 1.07 0
KMnO; Consumption mg// 1.03* 0
Enterobacteriaceae cell/50 m/ 0.84 2
HPC bacteria cfu/mi <100 1030 15
Free chlorine mg Ch/I 20.1(winter) 0.8 0
20.2(summer) 1.1 0

*TOC value.
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g. 3. Spatial changes in AOC, TOC, and free chiorine
residuals of tap water qualities along the water
distribution  system during the peak HFPC
bactenal regrowth episode.
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Fig. 4. Diversity of heterotrophic plate count bacteria
identified from the water system.
L, Acinetobacter; 2, Pseudomonas; 3, Moraxella;
4. Alkaligenes: S, Kingella: 6. Bordetella; 7.
Pasteurella; 8, Chromobacterium; 9. Achromo-
bacter; 10, Micrococcus, 11. Streptococcus: 12,
Aerococcus.
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|, Enterobacter agglomerans: 2. E. cloacae: 3.
E.  sakazakit. 4. Serratia  plymuthica: S,
Citrobacter freundii: 6. Escherichia coli.
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ABSTRACT: Bacterial Distribution and Variation in Water Supply Systems

Park, Seong Joo, Jae Chang Cho and Sang-Jong Kim* (Department of
Microbiology, College of Natural Sciences, Scoul National University, Seoul
151-742, Korea)

Distribution and variation of bacterial densities of heterotrophic plate count (HPC) and
Enterobacteriaceae in the water supply systems comprising raw, treated, and three tap water
samples of a water treatment plant in Seoul were studied 23 times from 1991 to 1992. HPC
bacteria of raw. treated, and tap waters on R.A agar media were at a density of 1.22X 1()}
to 3.05X10°, 1.50X10" to 429X 10°, and 2 to 541X10° cfu/m/, respectively. Densities of
Enterobacteriaceae in raw, treated, and tap waters on mENDO-LES agar media ranged
from 0.1 to 8200 cfu/m/, 0 to 17.5 cfu/100 m/. and 0 to 47.5 cfu/100 m/. respectively. Injured
Enterobacteriaceae of treated and tap waters on m-T7 agar media were at a density of
0 to 27 and 0 to 35 cfu/100 mi. These results showed that the density of bacteria in the
treated water outflowing from the water plant significantly increased as the water flowed
along the distribution sytems, which is so-called bacterial regrowth. The predominant
bacterial types in the water supply system were Pseudomonas and Acinetobacter. In raw water,
the ratio of Pseudomonas was higher than that of Acinetobacter, but in treated and tap waters,
both ratios were reversed. The most predominant species of Enterobacteriaceae was
Enterobacter agglomerans. Some species such as Citrobacter freundii, Escherichia coli, Kiebsiella
pneumoniae, and Shigella dysenteriae which are opportunistic pathogens or pathogens were
not found in the treated water but additionally detected in tap waters.



