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ABSTRACT

This study was to observe the occurrence of heterotrophic bacteria in terms of free chlorine residuals in two different
water distribution systems belong to both K and Y water treatment plant. The data analyzed in this study showed that
in distribution systems(DS), the free chlorine residuals were decreased from 0.10 to 0.56 mg/! for K, and 0.51 and 0.78
mg/l for Y. The decay of free chlorine were clearly higher in both March and August than those in January. The HPC
in DS were ranged from 0 to 40 CFU/m! for K, 0 to 270 CFU/m! for Y, on R2A medium. In particular, Its level was
relatively high at consumers' ground storage tanks, taps and point-of-end area of Y. The predominant genera found
in the distribution systems were Acinetobacter, Sphingomonas (branch of Pseudomonas), Micrococcus, Bacillus,
Staphylococcus. The diversity of heterotrophic bacteria was increased in the end-point area. Most of them were either
encapsulated cells or cocci of gram-positve. In conclusion, the point-of-end area in distribution systems showed that the
longer flow distance from WTP, the greater diversity and higher level of heterotrophic bacteria due to the significant

decay of free chlorine residuals.
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Table 1. Sampling sites in distribution systems

FHPzel ASA BE A7

11

Distance from

Retention time

Site waterworks (Km) (min) Characteristics
Finished water - - K waterworks
(Intake : Pal dang)
K Reservoir 10.5 166 10,000 ton
distribution system Tap water without storage tank 14.0 203
Storage tank 14.1 413 1,100 ton
Tap water with storage tank 142 510
Finished water - - Y waterworks
(Intake : Pung nap)
Reservoir 7.5 496 50,000 ton
Y Small Reservoir 14.2 743 500 ton
dlsmbutlon system Tap water without storage tank 144 748
Storage tank 14.5 839 2 ton
Tap water with storage tank 14.5 840
Table 2. Analytical methods to physicochemical parameters
Parameters Analytical methods Apparatus
pH Electrometric pH meter(HORIBA, F-16)
Turbidity Nephelometric Turbidimeter(HACH, 2100A)

Free Chlorine

DO

NH;-N, CI, SO,
Fe, Cu, Mn, Zn

TOC

DPD Colorimetric
Azide Modification
Ton Chromatography
ICP

Combustion Infrared

DPD Colorimeter(HACH)
Titration
IC(DIONEX, DX-300)

ICP(AES, JY38Plus)

TOC Analyzer(SHIMADZU, TOC-5000)

Table 3. Water quality in distribution systems

Janvary March August
Item

K Y K Y K Y
Temperature(°C) 29 27 8.6 9.2 264 259
pH(units) 7.20 7.09 7.33 7.33 7.13 7.18
Turbidity(NTU) 0.16 0.14 0.28 0.19 0.23 0.26
DO(mg/) 14.49 14.60 11.81 12.01 8.35 8.42
CI(mg/l) 9.2 13.7 200 25.2 105 114
SO (mg/l) 12 17 19 24 11 14
NH,;-N(mg/)) 0.02 0.05 ND ND 0.03 0.03
TOC(mg/l) 1.53 1.59 2.35 2.82 1.62 1.56
Fe(mg/l) 0.02 0.01 0.04 0.02 0.05 0.03
Mn(mg/l) 0.001 0.005 0.000 0.003 0.006 0.006
Zn(mg/l) 0.026 0.012 0.062 0.026 0.063 0.034
Cu(mg/l) ND 0.002 0.001 0.004 0.005 0.007

*ND : Not detected.
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Table 4. Conditions of Gas chromatography for microbial
identification

Item Condition
Detector FID
Initial temp.(°C) 170
Final temp.(°C) 310
Detector temp.(°C) 300
Injection port temp.(°C) 250

Progress rate.(°C/min) 5 (170~260°C)

40 (260~310°C)

Column flow rate(m//min) 0.3
Split ratio. 100
Hydrogen gas(mi//min) 30
Air gas(m//min) 400
Nitrogen gas(ml/min) 30
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Fig. 2. Free chlorine residuals in Y distribution systems.
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Table 5. Water quality in K distribution system
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Season Item Finished water Reservoir Tap water Storage tank Tap water
(w/storage)
Turbidity(NTU) 0.10 0.15 027 0.13 0.15
SO (mg/ly 11.6 11.6 11.9 12.2 10.8
Jan. NH;-N(mg/l) 0.020 0.023 0.020 0.020 0.021
TOC(mg/h) 1.41 2.15 1.49 1.21 1.37
Fe(mg/l) 0.003 0.042 0.015 0.015 0.013
Turbidity(NTU) 0.14 0.30 0.19 0.54 0.21
SO, (mg/l) 19.6 195 19.7 18.6 18.5
Mar. NH;-N(mg/l) ND ND ND ND ND
TOC(mg/) 3.07 2.08 221 2.19 222
Fe(mg/l) 0.012 0.038 0.008 0.013 0.021
Turbidity(NTU) 0.15 025 0.19 0.35 021
SO (mg/) 10.9 11.0 11.0 134 134
Aug. NH;-N(mg/)) 0.034 0.037 0.028 0.022 0.042
TOC(mg/l) 1.56 1.60 135 1.57 1.39
Fe(mg/l) 0.017 0.111 0.012 0.086 0.016
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Table 6. Water quality in Y distribution system
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Season Item Finished water = Reservoir  Small reservoir Tap water Storage tank Tap water
(wistorage)
Turbidity(NTU) 0.11 0.11 0.11 0.20 0.19 0.14
SO, (mg/l) 16.4 17.3 15.1 18.1 16.0 164
Jan. NH;-N(mg/!) 0.024 0.023 0.022 0.023 0.021 0.021
TOC(mg/l) 1.43 2.10 1.25 1.53 1.60 1.61
Fe(mg/l) 0.007 0.002 0.008 0.021 0.020 0.020
Turbidity(NTU) 0.17 0.16 0.19 0.21 0.22 0.20
SO, (mg/l) 23.6 237 24.7 24.6 25.0 24.9
Mar. NH,-N(mg/) ND ND ND ND ND ND
TOC(mg/l) 3.30 2.81 2.74 2.70 2.77 2.57
Fe(mg/l) 0.008 0.004 0.018 0.017 0.029 0.028
Turbidity(NTU) 0.19 0.24 0.18 0.36 0.22 0.34
SO, (mg/l) 14.1 13.8 14.0 14.0 14.4 14.2
Aug. NH;-N(mg/l) 0.023 0.033 0.032 0.066 0.025 0.027
TOC(mg/l) 1.47 . 1.60 1.58 1.56 1.66 1.51
Fe(mg/l) 0.014 0.006 0.051 0.077 0.018 0.020
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Fig. 3. HPC in K distribution systems.
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Table 7. Identified heterotrophic bacteria in sites
Sites Mar. Aug.
Finished water Micrococcus(2) - Cellulomonas(1)
Pseudomonas(l) Deinococcus(1)
Reservoir - Spingomonas(4) -
Bacillus(1)
Tap water - Micrococcus(1) -
K .
distribution systems Acidovorax(1)
Storage tank(APT) Pseudomonas(1) Spingomonas(5) Spingomonas(1)
Acidovorax(1) Bacillus(1) Arthrobacter(1)
Hydrogenophaga(l) Aureobacterium(1)
Tap water Pseudomonas(1) Staphylococcus(1) Micrococcus(2)
(w/storage) Spingomonas(1)
Finished water - - -
Reservoir - - -
Small Reservoir Staphylococcus(1) - Agrobacterium(2)
Acinetobacter(1) Curtobacterium(1)
Tap water - Cellulomonas(1) -
Y Storage tank Acinetobacter(2) Bacillus(3) Variovorax(1)
distribution systems Pseudomonas(1)
Tap water Micrococcus(3) Micrococcus(2) -
(wi/storage) Bacillus(2) Bacillus(1)
Corynebacterium(2)  Methylobacterium(1)
Arthrobacter(1) Gordona(1)
Bradyrhizobium(1)
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(1) Acinetobacter

Fig. 7. Photograph of identified bacteria containing capsule.

g FF7F AEEHAG 199 AS 2SR oA
Staphylococcus, Acinetobacter’t U700} F4=0))
Me AEHA Frt EWINME Acinerobacter,
Pseudomonas, TFE N Micrococcus, Bacillus,
Corynebacterium, Arthrobacter’} &3 HJth 53
Acinetobacterss AW TA], BRI, FEENN ¥
AEHRT. 399 B¢ A, v, oA
AZ=A g9 FEIdAFe] A 2 a8 A
8 F=XEANA Micrococcus, Bacillus, Gordona,
Methylobacterium, Bradyrhizobium®] AZEct. 89
o= 2R Agrobacterium, Curtobacterium, =
B0 X Variovorax®o] &0l THE SE£G %A
w49 FF7F 1, 389 H3) AUt

T HlgF ABAA FEHOE  Micrococcus,
Pseudomonas, Bacillus, Micrococcus, Staphylococcus,
Arthrobacter, Cellulomonas7t A8 932 BRI}

it

5. B5YYMEel 8ol T

O GAS dAs & BAeu|go s AEE 5
FYAEe el Fig. 6, Fig. 738 2ok S4G9A
AEL WET AlBoAM g7l A 128 =
Aol BH=gen a7 GAS AAE 3, %A
3] BlaAd Aol Zgk R Aol o 50%E

(2) Bacillus

AR AT 53] Aol wigR|oM AZHE AdE
2 g5E I FeolRg, I XFoz e E 4
A0l sl Aol 78t Staphylococcus, Micrococcus
8 o] Hlge] wuTh

TR Acinetobacters 18 2730|191 48 717
3 e PRI BEENEY olEF Ae FUF &
Aol o] Esghe] 9L ke Zos wehEn.
Bacilluse 1% ¥d0)1 e +28 7T Uit
MR, Staphylococcuse T8 WA, Sphingomonas 2
Flavobacteriums 13 3430131t}
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o FERREAY e WY A9 ASrE
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7o AEE 2Rt olg 2AR F
WEs AglA nAESY A4 QRS 1T

4. FEHAWATS K € Y ulFF AgdN 47
0~40, 0~270 CFU/mIZ Y W35 A%°l 9 =%
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