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Abstract

Densities of total and injured coliforms in treated water( TW) and three tap water sam-
ples( Taps K1, K2 and K3) of Ku- eui water treatment plant and one tap water sample( Tap
T) of Tuk-do water treatment plant were measured 23 times from 1991 to 1992. Coliform
regrowth in the water distribution system occurred three times during the study period.
When the regrowth episode occurred, injured coliforms were always but total coliforms were
not always detected in treated water. Mean densities of total coliforms in TW, and Taps K1,
K2, K3 and T were 0.8, 2.3, 1.9, 1.4 and 2.1 cfu/100m¢ by membrane filtration method using
m-T7 agar and those of injured coliforms were 3.4, 2.8, 2.5, 2.7 and 2.9 cfu/100m¢ using
mEndo- LES agar. The injury rates of TW and Taps K1, K2, K3 and T were 89.5, 774, 67.9,
82.8 and 75.9%, respectively. The high injury rate of coliform bacteria in Seoul water supply
can cause regrowth problems in distribution systems due to the repair of injured cells under
an appropriate condition. It is recommended the injured coliforms should be measured in
drinking water since they can lead to a significant underestimation of total coliforms and

result in an inaccurate evaluation of the potential health risks.



KOREAN JOURNAL SANITAT. Vol.9, No.2(1994) 51

I.A &

Ars AFlAe v Y& 27l0] HYA
A 7% olF A vl ARA A F
A AEE doA AR AS FLo olE 5
YA FER oidE] Fai $AEo| =
2 vxe A AFFdMe HEHA o
A ( coliforms)e] FEEelA &5
Av XBANA A7) @S dubdlge] F
E5 e, old did 4AS FHshs AR
oA wlg<3(water distribution systems)
L 2N AT R dutAIFY AP re-
growth)el|l 7]Qldh= e g ¥ =)o

LeChevallier ' wigAglA o
T ABAe] dofvps RS A A4
daot 2L A5 Ao) o5l AF] Fx) ¢
< &7} M3l (sublethal )24 gejdez &
A Q1S o] wigReE 23
(breakthrough) ¥ 2] W% Fdel F-2}s}
o AZ<(biofilms)& HAFoEZH o7 o]
TFo2 frEEo] Y] gfelzgtn ¥ ws)
Ack. ol &4 dAFELS HAHQ W
o] A F gl FANA A = gle
vHo, BAe] Ay oA QA AT
22 389 5 Q. &4 diAETe o)
T S HEAHQ AFT HEuA A m-
Endo wjAle] £o] Sz S5AZ AE, & de
soxycholate ¥ bile saltsel] 2]s}e] Ao} =
izl wEd e wEHAHG?. 24
LeChevallier 9-& &4 aiAd79 3L
fzted o2y AR AsjAdie] SR @
2 & AT HERES M
AEel Z3E m-T7 A& el 2
% Calabrese®} Bissonnette®= diel 23k

AT &L dart A AEge) 3}
B3t AER] EAshe AF Zae] ¥4
€ ARAE Ao A7) o)
Aol 93l £49 E. coliv catalased) @
Aol AA3] ase AL &dsdn, o) &
a9 A Fae & Al sl (HO0
)9 FAHE it AX AL T3] o)
Ae 4% A2 2dx gasiqc

olziyt &4 dAFETY FRAL F5 A
WA Algel MY FHEHA 4AY A
T U A2 AL MM AEH
€ 73telx 7 Aol &3] iithe
dl sk o] AS elvix EARE qle WY
ol AFRe FlellA o] A Az 38
so] Awo] WA sFeAe] W E
Ao ¥7] wielct webr FFEAY &
AellA & o $RBede AFIAEY WA
TS & AT E¢EY 1 HeEEE
o] wl-$- golo} & Yast gle Aoin)d,

2 d7e A AeRex ™
st 7o FHEHE FEEAAMY &
AAET o &4 dAAFEE Assld wF
TASAAY T AP Falsa o)
o] FFRA v]A 5 e gt v}
k=l 2 FAe] e}

I Mg 9 Wy

1. Al *3

e FYSAA Are $5492% &
SHZ(TW)oIA AANRT $EEE o] 4
7 FFHE B NFSVE g 547
2RE 77 30km AW 42x)(Tap
K1), 6.5km 249} ==%=)(Tap K2), 13.0



52 KOREAN JOURNAL SANITAT. Vol9, No.2(1994)

km #1429 =82)(Tap K3) 5 3709 %
£ A& 47 A3t 28 Fead
2 gAY FEERA o] HpFoZRE oF
7km GojA %8 Al8(Tap TE 372 1
7N At

199143 9Y-¢] 199243 9Y7A] UNYH 2
(% 238]) Al5E AHHLH, BE A
e FEEAE sl of 187 B8 &
23 (flushing) o5 A3t AEe A
$Z2] 10% sodium thiosulfates 7}t
gdiilzled, WA Bl AR o]F
F F BAskgc e AR g 2 R
A& Standard methods® 9] A& Ay
2 B adg ugicl

2. £2 A FeiFRHLe £

e Fug BAAE o]&3te ¥R
A AY FAARL, 759 AT
(free chlorine residuals)-2 A5 10méel} o-
toluidine & 0.5m¢E Holma WA F
5% old #AHFEA ZA71(ADVANTEC,
A& FFARAE )R FA A

3. Z01EE T ¥ &4 UEE2Y Al

F o)A ( total coliforms)g] Alg~= AR
100mée} 500méE 35 045ume| Hs %
AFAA(A)F 47mm)E F3td A3 oS- o]
724 mEndo-LES 3wl x](dehydrated,
Difco)(Table 1)ol4] 35°C, 24417k who3t
* 3¢9 Z2JUF 534S e 334
9] Aukg A5,

&4 A7 (injured coliforms )= A&
100mée} 500m¢E HF¥ F= 0.45ume =
AR E 3l 43P o m-T7 A

A6l 49( Table 2) 357, 24417t Werer ¥
ArE g TIUE ASso.

Table 1. Composition of mEndo~LES agar media
for recovering total coliform bacteria.

Ingradient Concentration( g/¢ )
Yeast extract 1.2
Casitone 37
Thiopeptone 37
Tryptose 75
Lactose 94
K:HPO 33
KH,PO, 1.0
NaCl 3.7
Sodium desoxycholate 0.1
Sodium lauryl sulfate 0.05
Na,S0; 16
Basic fuchsin 0.8
Agar 15.0

Ingradients were rehydrated in 1¢ distilled water
containing 20mf 95% ethanol, heated to boiling to
dissolve completely, and then promptly cooled to 45
-50°C.

Table 2. Composition of m-T7 agar media for re-
covering injured coliform bacteria.

Ingradient Concentration( g/¢ )
Protease peptone No.3 5.0
Yeast extract 3.0
Lactose 20.0
Tergitol 7 0.4mé
Polyoxyethylene ether W1 5.0
Bromthymol blue 0.1
Bromcresol purple 0.1
Agar 15.0

Media were adjusted to pH 7.4 with 0.1 N NaOH
after sterilization at 121°C for 15 min.
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Fig. 1. Temporal variation of total and injured coli-
form bacterial densities and free chlorine
residuals in Ku-eui treated water (TW)
from 1991 to 1992.

Table 3. The mean values of treated water and tap water qualities in Seoul from 1991 to 1992.

Parameters Unit TW(0.0km)

Distribution systems

Tap K1(3.0km) Tap K2(6.5km) Tap K3(13.0km)

Tap T

Water temperature C
mg Cl/¢ 11(0.2-20)
cfu/100m¢  0.8(0-175)
cfu/100m¢  3.4(0-27)

Free chlorine
Total coliforms
Injured coliforms

16.4(13-258) 16.5(1.5-265) 16.8(2.0-26.5) 17.7(3.0-28.0) 16.6(1.6-26.0)
0.9(0.2-2.0)
2.3(0-475)
2.8(0-35)

0.5(0.1-1.0)
1.9(0-37.5)
2.5(0-30)

0.2(0-0.7)
1.4(0-255)
2.7(0-275)

0.7(0.2-1.0)
2.1(0-42)
2.9(0-48)

Values in parentheses represent the range of observed data.
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Fig. 2. Change of total and injured coliform densi-
ties in the distribution system during the re-
growth periods.
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