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ABSTRACT

Microorganisms detected in the biofilm not only cause secondary pollution of drinking water such as taste, odor and
pathogenic disease but also increase the amount of disinfectant due to microbial regrowth during the transportation
of tap water. In this work, the influence of C/N ratio in tap water on the characteristics of biofilm growth was examined.
The C/N ratio of the tap water sample was controlled at 100:5, 100:10, 100:20, 100:30, and 100:40 by adding appropriate
amounts of dextrose and (NH4)2SO4. Of the five C/N ratios, heterotrophic plate counts (HPC) was highest at the ratio
of 100:10. Following the initial formation in all the five experimental conditions, natural detachment of the biofilm was
observed. Extracellular enzyme activity (EEA) analyses showed that the change of the EEA during the experimental
period was similar to that of the HPC, demonstrating a positive correlation between HPC and EEA. For TOC concentration
in the tap water sample, approximately 75% of the TOC was consumed in 7 days of the experiment and 96% in 28
days. The TOC appeared to be relatively rapidly consumed at the initial phase of the biofilm growth. Consumption pattern
of the ammonia nitrogen was different from the TOC consumption pattern showing the different role of ammonia nitrogen
on the growth of biofilm.
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1. A-I = 9] 3 EA | (Percival et al., 1999) 5o Qlth.
o] Aevole g 72 Alatol ¥
FEH YRolA F4EE Aeu2 o 7 & AR AldtRe e M 7 wol T
212, spetE flo oM FEFE etk dF¥E = vHERA FHYARS iR Funy
nA= 89ee 7%t sxEolM e dd=dY (spread plate count) &2 ARt FEEEHO] Aot

sk, 7 &%A| 55k, $2(Donlan and Pipes, 1988; T sl doba ALy, ¥ B oA

=
LeChevallier et al., 1987; Lund and Ormerod, 1995; van L= 7= FFX|YF UutA o Z2 A FF9o] 2L
der Wende and Characklis, 1990)3} &2 =254, o AsHA Ao A Sk 7194 Bt U4
o #9Ho =93 545 Uetle 3 A ENagy Bt & 7P wol HHEs SREA 3=
and Olson, 1985; Zacheus et al., 2000), 12]1 $%E& HAAS Ueh A AXul ujAES] HE AdtH o]

WAt A WARel F7HsH Hrk (arvis, 1990).
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Pseudomonas 12|11 Xanthomonas 5°] Jtt. A
A AR 25 A2 © 58 oA Aohe
AR Hohol ok B 2o 97, 7
W4T 2e S4. Ao WAL Eol Az
.ol Alto] &

o] 600ul] o]A Z7lE|7|%= St} (LeChevallier et
al., 1988; Herson et al., 1987).

Fio AedoA mAES Ax dEY 10%
n|9kS A k=T, vE Foll ot o Weo] A3
H&sEAY  glycocalyxetal  Edf=  AEZFEA
(extracellular polymeric substances, EPS)E ©]-83}o]
ol B2Fske) (Geldreich, 1996; Bitton and Marshall,
1980). gtH, MET2 3 WFofA WA SH= erosion,
abrasion, sloughing 72 E2]% Q9o 93 &%
t}h. ErosionS ZAthe o] 93l 4], abrasionS ¢R}E5 9]
TN 22 =94 Aol o3k gejoltt. Sloughing
& AEYY A FAYUAA Wil FFEH
Ado] ofHAY A& ol 4Akart 14 =ls o
e = e ddos FAL Aol RIHEHA
WrAste) (Costerton et al., 19953).

AEdoA HEHE vdEES U WA, B
A 59 23 L HSE AU 4
WellA o] mjdE Aoz qlst
771 Qo] Hrh eyt R2bE HhE ot
A2 F7h= aREWY YT =9 A &
AZE ek fr7lgtas mAgEe] ouR|eezA A
2 NEEAS Astsd o] &&=t off 22
FER X Yol ESASkL oy nlE Aol
a3 8 JFIHeEA Aol A=t o
FxEo EAcks e Id=EY dFET Ak
55 FHE §7|8k4aE AOC (assimilable organic
carbon)2} BDOC (biodegradable organic carbon)@ Afj&
TxEE9 AOCE BDOC 5=+ AE3+4 H
& WA 5 Sl AER AEHIL Yt o) Su
2 ggate] Y40 gt FALA ARZE ALE
2= 9lt} (Kim and Choi, 2003). dWFH o2 SE&
P82 E A Aol A 7HeAd o
aatE =, A & pxEe] 2% nAdEol
AW wgEo] o83 4= 3= AOC2 BDOC
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7V5Ad o] &34 =t (Sung, 2002).
9} 9l wAyEL] Ao A Al FFFS vl

i)
B>

e YFdTEA ol A5k 2Aae FH=
=] Al ol 8E = e 77144 A, 4Ry
obd A, obFAMY Ha, A Aotk vt
=] AT Aeur B0l viAle FFl &
o de ool 23R, 4% 95 (Donlan and

Pipes, 1988)°| M= &2 dasert e Wa 4
Solle s AR A Abolo AHAT fle
Aoz yehgth sxEoA diid

FE= EAsh njEe] Al I A
RRfoIt. ol e FAS Alofsh]

913
WHARA QRS ABIE s, Qi)

Aol e GAEe RAH G el g
t} (Miettinen et al., 1997; Sathasivan and Ohgak, 1999).

e e Al 24710 Fof g ndE AR
S0l gt A= M3 E o] Lo, gha/Ea(CN)
Hl&o] nAlE Aol vzl Gl gt A+te 213
bk A gk Qo)A SmweA] AEe
/ol = A= vt 2 RS FolA, s
ot g4k o] 9l TOCS NHyN9| 1, & ON
v go WE B F4 54 Briskd

2, 3 M= A U

21 X8 M=

dextrose (Extra pure,
AAYo =z (NH),S0s (Kanto
47teto] AlRe] ON ¥ &S
100:5, 100:10, 100:20, 100:30, 18|37 100:400.2 ZA5}o]

o)

Table 1. Characteristics of the tap water sample

Parameters Average Range
TOC (ug/L) 2.36 2.02 ~ 2.76
HPC (CFU"/ml) 12.20 11.48 ~ 12.98
NH;-N (mg/L) 0.11 0.07 ~ 0.15
PO,-P (mg/L) 0.03 0.01 ~ 0.05
pH 6.92 6.89 ~7.04
Temperature (C) 23.2 22.60 ~ 25.90

*: Colony Forming Units
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2 _olast ON Hjge 2
Ay | 223 C:N:P H]20] 100:5:12] A& ZFot

sto] AASIAL. ON &L 7 AR BaksEs
OE] o
A

S ¥ F o] WS sl ul&S %

AEdto] %
chloride(PVC) /\]Jﬂ(coupon)— /\}%‘3}?&2 AHS 3
7= 7}& 1 cm, A|& 5.5 em’® & W22 55 ent’ o]tk
A ARE A HEE R 3~43] A|Fskal ZRE o] QL
HEre-& ﬁ-?“—',—"i A28 & 105C dry ovenof A]

2A17F AZAIZ] F 150 mL serum vial Wjol A 2)5}ich
Asol o #EEe U WA A3
serum vialof] PVC A|HE 3 7% 48 & Qi

FE ARAS} ARG AR A SE TS of
golo] AATFE olRolAx olfo] o3t gL
2l o, Hlof| o3t AEU AL H-X]5l7] €
o Ay rAo A F=PETt Serum vial®] &
= 80 mLo| Era Q’JJ—} A9 stock
solution 2tz 10 mL J7} & X= = 100 mLE
SkaL 20 Cof| A 437+ A =] w3t o\:q Al WA
of 79 gHz o= ZHatgc)

)
=
/\]g,« % pAPe)

AEE Sl B 55 AR total organic carbon
(TOC), Y UoHd AA(NH:-N), ¢14tE 21(POs-P), &
224 Ok A|+t4=(heterotrophic plate counts, HPC), #|¢]&

H] & A 2] = (extracellular enzyme activity, EEA) 57}4]
2L BEASIYT dryolA A A 9lAY ol
phenate®} ascorbic acid WH], TOC+ TOC analyzer
(Model Sievers 5310 C)E& o]-g&3}o] =AsI4t) 34
3 Age] oSl AE HPCS} EEAS Z45lo.
B st HFH O Taple 22} Zh

Coupono]] Fz+El AETRS cell lifter (SPL, ISO
9001)E ARgste] HatE 20 mL 33 2] 0.3mM PBS
(phosphate buffer solution)o]] F#ojWH th& ZSu} Ay
7] (Sonicator, Model Bransonic®)E ARE-3}o] 184 2
3] g A 7IHA psiiiny e AE A &
3,7, 14, 21, 1831 284 Ao 3]4=35}o] HH= PBS7}

7] glass bottled] &4 @& & HEAs9r) ,\};LQ

HE ZA}E9L golo Wil T x18algln) 343 A=
kS standard methods (APHA et al., 1995)% ol% 1ol
Z/\

oJoprlost Hojhn|Ea BAS LA L

o= i

Table 2. Analytical methods

Analytes Methods
pH pH meter
TOC TOC analyzer
NH;-N (mg/L) Phenate method
PO4-P (mg/L) Ascorbic method
HPC (CFU/ml) Plate count
EEA MUF assay

"CFU: Colony Forming Units.

(1) &% %A (heterotrophic plate counts, HPC)
CN Hl&Z 2483 A5 AEv] e T59Y
A7t U ot colony® A4 & 4+ 9l 492
uistol B|AHES Betsina ] EHoR wjop
7|17ko] &2 M9 minimal medium (M9 salt 10X, CaCl,
0.015 g/L, Na;HPO, 6 /L, KH,PO; 3 /L, NaCl 0.5 g/L,
NH,CI 1 g/L, MgSO;4 0.5 g/L, Glucose 2.0 g/L)& A&
Oﬂ::ﬂ o]‘— 797]—5]0-] JL /\4_5_0 %p
n

0\

2 AIRE 1/10, 1/100, 1/1000 H]&2 3|45 = 0.1
mL spreaderE ©|835lo] =W HIAH O Z HE3|¢Th
Az 33 wrEE o 30C incubatorof| Al 5U7F
wjoFst & el colonyS A5t B3 AArsH

o] CFU(colony-forming units)/cm® ¢ & e}y ch,

2) A JEHAA BT (extracellular enzyme activity,
EEA)

2| 9] & A (extracellular enzymes)= FUFAF2] &8t

Aol A 714 WA Trolshn 2 A9 BATA wE 9o

79 84 AES Uehlh AR 29 4 ook A2

W5 EATOIN vIAE) ofs) AL EEE

¢] MUF(4-methylum belliferone, Sigma)S $H5-3t 7|28

3 davo] osf Fgrido] FF=dA VdR E2ld
ot o free MUF7} A8/d = 364 nm Hlo]| o} 7](excited)
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E]o] 445 nmof| A g WY ATt MUF stock solution
2 100 mL2] D.I. water (deionized water)®]] 17.62 mg2]
£ &3lAIA Alxste] 0.05~1.5 pMo] FER 9=
Sl Asto] ALg-skginh o] AR dlef viZtstE R 34
e Al=of A= Aol B S A
™, ZAF E3F ZHY amber microtubes (Corning Axygen®,
MCT-200-X)& A}-g-3Fch
/}E%mg 3|43t A|& 1.3 mLE centrifuge tubeol] %71
510 M) 3552 71 %%7] AMUF-butyrate, MUF-a
-D—glucopyranoside, MUF-{3-D-glucopyranoside)= 7]%
2 717b 0.13 mLA & 039 mL A7}k 30°C w7 o]
A oF 1 A7 WESAIZIT) ko] SHRE AR 0.1 M
Tris-buffer (pH 103)2 0.3 mL¥ H7}3t 5 do] oJgke
Hkz] oFl 3= - cuvette (methacrylate E6093)9]]

3.1.1 439 N2 ZLAUMT 2M

A 7|75 PVC coupon . = HLE] 3|5k A&t
Almo| A2 CN H|&E &5 YA H4=HPC) +44
JH= Fig. 13} ot Fig. 10|49} Zro] A/HAY
2HE 797K CON  HE 10055904 29
CFU/cm?, 100:109] 4] 41 CFU/cm?, 100:200] 4] 36
CFU/cm?, 100:30]| 4] 33 CFU/cm?, 123l 100:409]|
A& 26 CFU/em” 2 2E C/N H| & A W 744
75 Ut ey o] F43] FUsto] 14
AT} Al 100:59)4] 294 CFUcm?, 100:100]4 506

CFU/cn?, 100:200] 4] 397 CFU/em?, 100:309) 4] 319
CFU/em?, 18] 31 100:400]| 4] 284 CFU/en?® & =2 A+
22 Byrk

Aatr= A8 7HAl & 793} 149 714] 100:10 H]&
oA 71&F =7 LEREIL 100:20, 30, 4002 N &
7h woHdeE fadhs A e 1, o]
A3t Aok 219 A3 Sl fAREA U AiAS

wlgo] 4 HPCE| 57} 23]
AT F el 44710
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Fig. 1. Changes in the HPC of the biofilm formed at the
CIN ratio.
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Fig. 2. Changes in the EEA of the biofilm formed at various

C/N ratio.
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