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Analysis of Effects of Factors Influencing Biofilm Formation in Drinking
Water Distribution Pipe Using Factorial Experimental Design
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Abstract

This study evaluated the effect of factors influencing the initial biofilm formation in drinking water
distribution pipe by running experiments using a 2*1 fractional factorial experimental design with a
replicate. Important variables used for assessing biofilm formation included BDOC(biodegradabile dissolved
organic carbon), viable heterotrophic bacteria present in drinking water, water temperature, and shear
stress at two levels each. Based on the statistical analysis of biofilm levels measured as attached
HPC(heterotrophic plate count) and community-level assay, the main factors that have significant effects on
biofilm formation were found to be viable heterotrophic bacteria and BDOC. Water temperature only
exhibited significant effect on the levels of attached HPC, while shear stress was not a significant factor
under given conditions. Moreover, the statistical analysis revealed that interactions between the important

variables were not statistically significant at a 0.05 significance level.
Key words: biofim, drinking water distribution pipe, factorial experimental design, heterotrophic bacteria,

BDOC

FHI0: MEL SEM QeldEAE, SHYUAE, BDOC

of 24 AAen, 159 A% HHAA g A
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Table 1. Summary of the factorial design with 4 factors at two levels

Level

Variable

Factor

High (+)

Low (-)

1.5

1,000

0.1

BDOC (mg/L)

10

Heterotrophic bacteria (CFU/mL)

Temperature (°C)

15
0.21

0.03

Shear stress (N/m?)
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0.15mg/L& FA8ok gl #|<tstdct. Lund and

Annular Biofilm
Reactor (ABR, Model 1120LS, Biosurface Technologies

the experiment.

Fig. 1. Schematic diagram of the Annular Biofiim Reactor used in
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= X9 FAHE AESE A&H0R TUHY
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& 4 9ls wwt OME} el HAE S 9le 7l o Ao W E v 4 e £2 5AE A
Table 2. Characteristics of the tap water sample treated by GAC column

Parameters Average Range

pH 6.85 6.72~6.90

Alkalinity (mg/L as CaCO,) 350 32~40

Hardness (mg/L as CaCO;) 45.0 42 ~50

Free chlorine residual (mg/L) ND? ND?

NHz-N (mg/L) 0.010 0.008~0.015

PO,-P (mg/L) 0.005 0.003~0.010

TOC (mglL) 0.20 0.15~0.25

BDOC (mgilL) 0.10 0.08~0.15

Heterotrophic bacteria (CFU/mL) 2.0 x 10 1.210°~35 x 10°

2ND = not detected
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Table 3. Results of attached HPC according to the test matrix of 2 fractional factorial design
Response
A B C D measured as attached HPC
(CFUfcm?)
Run .
Heterotrophic
BDOC bacteria Temperature ~ Shear stress #1 #2 Average
(mg/L) (CFU/mL) (°C) (N/m?)
1 0.1 10 5 0.03 4.6 x 10° 26 x 107 36 x 102
2 15 10 5 0.21 47 x 10° 12 x 10° 3.0 x 10°
3 0.1 1000 5 0.21 9.2 x 10° 47 x 10° 7.0 x 10°
4 15 1000 5 0.03 6.8 x 10 4.9 x 104 59 x 104
5 0.1 10 15 0.21 1.8 x 10° 21 x 10° 2.0 x 10%
6 1.5 10 15 0.03 74 x 10° 37 x 10° 55 x 10°
7 0.1 1000 15 0.03 2.2 x 10 1.6 x 10* 1.9 x 10*
8 1.5 1000 15 0.21 58 x 10 52 x 10 55 x 10*
Atololl doju} alias9t & (confounding) & &3t 71 & standard error$} H] wdled #HE 4= glom o]

o, A= 255 U B2 HEE IS 5 gt
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Table 4. Estimated effects and standard errors for attached HPC

Identification Estimated effect
(on In scale) P2
Average 8.7812 + 0.1154 0.000
A(BDOC) 15369 + 0.1154 0.000
B(Heterotrophic bacteria) 2.6884 + 0.1154 0.000
C(Temperature) 0.8738 + 0.1154 0.005
D(Shear stress) -0.0397 + 0.1154 0.868
A'B 0.0845 + 0.1154 0.724
AC -0.5063 + 0.1154 0.059
AD -0.3822 + 0.1154 0.136

2 P value is the probability of wrongly rejecting the nuli hypothesis if it is in fact true. The p-value is compared with the desired significance

level(5%) of our test and, if it is smaller, the result is significant.
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Table 5. Results analyzed from CLPP pattems of biofilm-forming microorganisms according to the test matrix of 2*" fractional factorial

design
A B C D Average response
Run Heterotrophic
u BDOC bacteriz ' Temperature  Shear stress Positive Absorbance MPE
mg/L. °C N/m? wells
ML) rum ¢C) (/) (Aseo)
1 0.1 10 5 0.03 225 1.342 310
2 15 10 5 0.21 445 - 1.090 48.0
3 0.1 1000 5 0.21 39.0 1.092 426
4 15 1000 5 0.03 67.5 1.507 101.2
5 0.1 10 15 021 50.0 0.900 47.8
6 15 10 15 0.03 385 1.008 36.2
7 0.1 1000 15 0.03 60.5 1.178 71.3
8 15 1000 15 0.21 66.0 1.415 93.4

# MPI = metabolic potential index.
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Table 6. Estimated effects and standard errors for MPI of biofilm-forming bacteria

Identification Estimated effect P

Average 58.913 + 3.669 0.000
A(BDOC) 21.500 + 3.669 0.022
B(Heterotrophic bacteria) 36.375 + 3.669 0.002
C(Temperature) 6.475 + 3.669 0.407
D({Shear stress) -1.950 + 3.669 0.798
A'B 18.850 + 3.669 0.037
AC -16.250 + 3.669 0.062
AD 3.975 + 3.669 0.605
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Fig. 4. Normal probability piot of residuals for MPi of biofilm-
forming bacteria.

AFEQIT}. o2t

RE ZAbe] AtE &
Enas s

3 zhape] Fak B o)A

ZAE ATHZE % i A

Bu 38 u| 5o MPIY) thsf 9lg

Zh= $EE9 BDOCS A7 FEHE B

24, BDOC 432 Wzl vg| %2

o EAdte TEHEGGH A FF Al wel BE
&

gy vgEe MPIUg Fo] Yrdesn o 2
Ao vehgrh ol 234 HPCol Wg F&%
PFHIAE et ATs go] $ERA EAsHE
Ao} sEol 48U B4 £E34 9 AT 29
o BAWA 5 A 9l D S U4

© AZelt}, 223 B9

24 1A o] MPIoj nﬂzsl 7+ QA5 nEIE F
T2 #AG A7, 53 $EEU BDOCS A #59
25Ago] Fold Aoz Yyt Fig 62 42
g4 v Ee] MPId vAE 7t dAse] nsdg
598 BoFe Aot} H|E AF AFd AE
o) A2 N Nl

72 4

1 /
N /
48

40 4

MPI

BDOC Heterotrophic bacteria

Fig. 5. Main effects of BDOC and HPC on MPI of biofiim-forming
bacteria.



Journal of the Korean Society of Water and Wastewater

Vol. 19, No. 2, pp. 181-192, 2005 SAHEAY S o] 8T 2 AEY A T A9 53 B4
¥ . pooP P Y FEE 2 AEY A S 2P
L e — i R .1 AAEAC] AES & Ao ATt Fo Ea¢)
T e 1 = Ao 4B Y4 BRA 13 A
Howtoophic bactera | ____a | Seee__ 170:) (colonizer)o}AA 74 Z4H (inocutum) o] A& & <=
e i e anE A AZE B £2E 89 48 A
W gARl Hake ST dder A8E Aol
w10 mERe pzdoay Nshos BhaNe 49
. 5
= Y=, e Al 54 vy E 7
Shear ssess | Ho|& 13 A& ATl 9l A2 ) (Percival
Fig. 6. Two-factor interactions for MPI of biofilm-forming bacteria. etal, 2000), o]2]8l ZHolX & uf H) 2 EF AY
Z30A FRg Aol 7l e SR Fo| 2 2ol
2 g m| A Bl MPId| mjx]= BDOCS B/t Al de Aste W) - F5dold A& d48 J 4k
o ol wel fAAF 2olE HolZl Fov, F Ay Aojsly] HaiMe A Aol v
T8 dEALAME 289 wsAEo]l TE 28 A 3 EAo] $AF e myHoo} gt A
ol w3 AHg wete o] Uil gt &, BDOC & 9m|gittn & 4= At
ot At mEAE A e AdEe nas drA oz FEIFMTL 259 A S
& ZFet mErso] g7 Wi mEAEe Aol & ‘35—7\17]71 A8l f7Iea] oF 50%E COE 7
EEHE T A 5o & A3} Zo] F #Ae g, UnA 5048 AR AEEL ALS 9
o] FEI 1, 488 FolM dF 2T & o] & ?"?}E}(Momba eral, 2000). Foj7 HAHPZ2A|
e FEARE Yl 42 28dE W 28 A BDOCE 58 EA48he A oz Ak
Goll thgh sl Mol F&sA| & § At (Berthouex  =h& A k= FAA HPC F3 tEo] A&}
and Brown, 1994) n e EAdAL B ot AFE Ve
olefg & # EHAAMY BET £ FE<|
4.0 & BDOCY %% Z7td o) 718 & ke A%
oy, ¥E FEa ARAGAAN et R
27 REa9 AdAE Tt 48208 (BDOC, & 2890 nX & wuAse] g ERPE F2
TEGHAT, &=, AdHE)o] # B AEHS gAY FERBU) o FFH Aol EAY <=
At F24 HPCo AEw mAEe] 4L & But olyel tiiEe oled AlF e acetate s}
g4 oA FEAHE BAY AdA ARG Z_:PO] HA o188 F /\/\"1:._: pg/Le] & {7
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