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ABSTRACT : The aim of this study was to investigate the influence of phosphate on the adhesion of Escherichia coli to porous
media. Column experiments were performed to examine the effect of phosphate on bacterial adhesion to quartz sand and iron-coated
sand. Results showed that bacterial mass recovery in quartz sand decreased from 74.5 to 35.4% as phosphate concentration increased
from 0 to 16 mg/L. This indicated that bacterial adhesion to quartz sand was enhanced with increasing phosphate concentration. This
phenomenon is due to the increase of ionic strength. In contrast, the mass recovery in the coated sand increased from 2.9 to 26.0% as
phosphate concentration increased. This indicated that bacterial adhesion to the coated sand was reduced with increasing phosphate con-
centration, due to the preoccupation of favorable adsorption sites and competitive adsorption by phosphate.
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2]-5 o]-83l] AELA Ql(zeta potential) S AASIF =T, ©l
W E. coli®] AEAS= -51+£6 mVolUTh

2.2. &4 oA

EA) 3}l A Escherichia coli®] %3 2 H¥]E

weole] ¥ 617

Ao Al—&fd “%Eaﬂ% F71ES vE AAT 2aiF
T e m, TS5AGE 1.530]30th =
ol *Zﬂoh H‘PF%Z%'JE 1%]740}71 A8t /T2 600
m &3 =(0Dgoo)oN A 0.01 ©]3HUV-visible spectrophoto-
meter, Thermo, Helios)7} % W 7}R] M3 AlRE 2
2= autoclavedl|A] 1583 23]of] AX HH3}4(121T, 17.6
psi), HAE o8] s RS HAagsAoh A&
2o AxAFLe thed 2ok HEdE SHST 100 mL
gHo|| FeCl; - 6H,0 5.5 g& 23 6 N NaOHZ pHE %
Hslo] FeCl; -85 AZ3IATE FeCl; 8o Edd
AgEe 200 g& ¥ F 3AZTLFSF7)(HAHNSHIN,
HS-20058)Z ©]-83}] 90T, 80 rpm XA 208 ¥-$
AlA 12+ A& 2YE AxsSth o] 35 E#HE Drying
oven(JISICO)o Al 71Z3}31(150°C, 6417Y) ZFFE AH 3
T 2E A Al Ax3tS ARSI

=

dels A 22 F8 AY
AF

] Atk AANE 30 cm7t
= Az}, oqAfe] Ak 231.6
1.573 £0.016 g/cm, T8 0.407 +0.006
AP Aol dalE mef Zzto] thste] Al
2 QMY FEZZ(0, 4, 16 mg/L)oNA 433
o} Qlibd fole EFENKHPO, in HyO, MERCK, Ger-
%‘3}04 F=rEAth A= AU 2Pl 0.5
719 4] HPLC383Z(QC400, FASCO, USA)
E o]es3l] };}}_i olaked 8-S F9](7~8 pore volumes)
Fejel] o]2A st aL, ODswol 09
SAQlakd E3HS 0.5 mL/min IS
%Qi FAsATE oluf, 7o

oAtk whElElote] Flo] ¥
?lﬂ'oé |4 Al FUsta o,
ﬂ'aii X}% ¥ 3 7](Retriever 500,
TELEDYNE, USA)Z 3 . TEF WY
dlg|2lo} FE=% UV-visible spectrophotometeri =43}
I, pHE pH probe(9107BN, Orion, USA)E Z=43}53c}.
AR 444 AZEE Fol7] fa AP 72 xolA

wrE st

ﬁfim

o
S b

Jo

1

-

it

o, r
o

ok

>
1

it
&
ol
2
3]
&
9‘_4
2 p
i)

2.4. Hlo]g 4]

dhe| o} Bade thed 2 dak 5288
APE A 2S o] 83t BAE
@_DQ V€ e (1)
ot ox? ox
A71A t= ARL xe AR, Ce 7843 wEEo} 5
S[ML7], DE FEMAFLT, veE B gele] oF

thetetZ5sts|X| 30d 6=, 20084 6



618  whAlZ . o] FHTF . 71FA .

gl

o

&

- 71

Ho

LT, 283 Ae vregote] FZAS(T o]} 1t
glglo} olsnd #d vEv|E = v o} vytHos
BE CXTFIT Z=""Z o]&sla] ety 18], +3
el weEote] S FEM)S e AS o]&3td
=

jt Cdt
VI @
COtO

716l G BHElEoke] FYE o)Lt FARto]),
3. A3 4
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Aguael AuE waold Qi ol WE E coli
o wFAE 7247} Fig. 13 20 eI Sl
o)At el Fro] wEbd & v HF %% (peak concen-
tration) S WERASITE ARl = i s=7F F
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Fig. 1. Breakthrough curves of E. coli obtained from column
experiments and model fits in (a) quartz sand at various
concentrations of phosphate(la, 1b: 0 mg/L; 2a, 2b: 4
mg/L; 3a,3b: 16 mg/L) and (b) iron-coated sand at
various concentrations of phosphate(4a,4b: 0 mg/L;
5a, 5b: 4 mg/L; 6a, 6b: 16 mg/L).
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7Vt AthFig. 1(b)). Htelele} o Ry de >
82 Exwy, D)E 212} 0263 +0.012 c/min® 0.095 +
0.040 cm’/min°|c}. Hiee]o} v HozRE FGE
VIS ve=g/n (A7191A, q9F ne 2zt gAgE SES
(Darcian flux)¥ FSES UERE)S] #AHOZRE F
3 FFHE(ve = 0.246 £ 0.003 cm/min) ¥ FrAFSFI T

3.2. A g el A Qe el 3k

A Groll A ute|g]ol AR eES Qi B
7V HASITFig. 2(2). 5, AR =7 S7F
S5 AR R vheEol F-2o] F71skth 0 my/L
A BHEFHT )X Ht AFITFES 74.5%
(1a, 76.7; 1b, 72.3)°1Atk 4 mg/L(°] 4% 0.042 mM)]
A AFFB| TS 67.8%(2a, 68.6; 2b, 66.9)EMN, E=HF X
7o Hlaled oF 7.0% A= AAEA AAEY FEE 16
mg/L(°] 7= 0.168 mM)7HA] S/ AL u), A 34
£& 354%(3a, 36.8; 3b, 34.1)EMN, Z=FF Xl Blsk
50% o] A Th A, AGRdA Bheejol R}
AT A s=7F S7H wetA Skt
(Fig. 2(a)). 0 mg/L 14+ &AoA L] Pz 0.0033
I/min(1a, 0.0030; 1b, 0.0036)°]ATk. 4 mg/LolA AZES
0.0042 l/min(2a, 0.0040; 2b, 0.0044), 16 mg/LolA AZEe
0.0094 /min(3a, 0.0091; 3b, 0.0097)°]21tKTable 1).
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Fig. 2. Relationship between phosphate concentration, attach-
ment rate coefficient, and bacterial mass recovery in (a)
quartz sand and (b) iron-coated sand.



Q1xkde]l EA Bloll A Escherichia coli®] 213 2 A&

Table 1. Experimental conditions and results for column ex-
periments of E. coli in quartz sand and iron-coated
sand in the presence of phosphate

Exp. Porogs c:nhczsrlpt?;t;n Mr v. ZD }\. R2
media (mg/L) (%) |(cm/min)|(cm”/min)|(1/min)
la| Quartz 0 76.7 | 0.263 0.087 0.0030{0.99
Ib | Quartz 0 72.3 | 0.264 0.103 | 0.0036 {0.91
2a | Quartz 4 68.6 | 0.247 0.128 |0.0040 {0.97
2b | Quartz 4 66.9 | 0.252 0.184 |0.0044 10.98
3a | Quartz 16 36.8 1 0.259 0.102 ]0.0091 {0.99
3b| Quartz 16 34.1 | 0.263 0.062 0.0097 {0.99
4a |Iron-coated 0 2.7 | 0.282 0.050 | 0.0339{0.91
4b [Iron-coated 0 3.0 | 0.286 0.059 |0.034310.92
Sa [Iron-coated 4 8.6 | 0.259 0.064 |0.021910.96
5b |Iron-coated 4 11.1] 0.258 0.080 |0.0196 {0.95
6a |Iron-coated 16 22.8 | 0.255 0.098 0.0130{0.99
6b |Iron-coated 16 2921 0273 0.130 |0.0119{0.98
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A= -38.5 mVolA -11.6 mVE 33t Adizk
aste] & Atole] FH7H Wb o] ZhAEhA "ok
stk JAF THOA o] Ee] FUte| wE B
glglo} 2 Frte] dig Bavt oy dAFatsel oS
BuEdch -?—E’_(muscowte) om0 Bipare
(borosilicate).”” 1S W, Choi 57 ZHAAS E3) o]
23wt 718 wel AR 29 Pseudomonas aeru-
ginosa®] FZo| S71E-E B

>4
Ai om
4

o EFo

rlo

3]

I & Rk © o=
ol’Elﬁ_
BB

3.3. Ay meol A 1Akl o] @3k
%d_ﬁ%i wefo] 749w Elol 23S A F
/1SS ST = (Fig. 2(b), ©le dakde
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s YEdth 0 mgL(5RT 20X B dZF35
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0.0341 l/min(4a, 0.0339; 4b, 0.0343)°]21t}. 4 mg/Lol A A
£ 0.0208 I/min(5a, 0.0219; 5b, 0.0196), 16 mg/LolX
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Ao E oA A9 Fxrt F7Hs weEl whE g
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