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PRI A 30% B9 H,0, , Rt $E B A HLR, 1
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Fig. 1  zeta potentials of bacterial pathogens and Red soil colloids as a function of solution pH (a) and IS (b)
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Fig. 2 Hydrophobicity ofbacterial pathogens as a function of solution pH (a) and IS (b)
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B H B50CBP 0 T 3R 880, S W BfF BB 0 B SR 55 5 1/
R KW F AL EBREN LR H ., NK2
ALE 5 A K T AR 21 48 i A 3 T U B KA
(421.1~999.4 ml g ') & K FF i K AH (69. 1 ~
224.3 ml g ')Ay 4.5 % ~ 6. 1A%, 40 5 75 5 A HLIR
FRE VR 1 B F K AR (224.3 ~999.4 ml g™ ') 2 & A
LB AR (69. 1 ~421.1 ml g ') 1Y 2.4 %5 ~3.2 %,
B K TR 25 A AL B R A 3 T A I B BB ) g X
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Fig. 3 Equilibrium adsorption isotherms ofbacterial pathogens

on Red soil colloids at pH 5.0 and IS 1 mmol L' KC1
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H M 40 1 s A ) 0 W 51 T, AT B A
T 9 7K M R, 3 o 3 s 5 K A FH A
W B, AT A 1 2R 9 Tk 22 RE AR . i & 1 Al 41, pH
5.0 ZF T R B 5 4 HE R AR w38 ok L fopE,
HVE FHEE DL T o 32 4 B Bk BT 9 TR e
H(-15.6 mV) /A>T 5 AR 0§ T 77
55 F K W A T 5 4 BE BR B 0 B K P (7.3% ) I8 R
WAFFEE (17.7% ) , AN GE fif B W B S 30 A 45 2 . X T
+ AT S, CEC 1 zeta HL {7 B0 IR 9 00, 224
HIL IR e A B4 v Ao o /0 T & A WL RS A&, DRI 4 AT
HIL T JE A 152 S D A7 I 0 Pl R ) TSR . A PR
AR 9 K B2 filk f (33.3°) | F LA HLT R I
(29.8°) , [A) B o AN HE fiff o W B 52 30 9 45 SR o 3@ &
DLVO g nl & B (& 4) , 21 88 e K 5 0 s & 19 4
R P 2 E RS L P (0 ~ 50 nm) B3R B ) (IE
1B, 20 B - AR 1A 2= 38 31 1 R B K/ (% J 04 fH)
TPy 7 < 5 e Bk BT -2 A ML R A (449 kT < i
BRI - A LA (52, 4 kT) < K -5 A Hl
RS M (146.9 kT) < K #F B -2 A AL A 14
(172.1 kT) . 454 KA1 DLVO i 25 5%, 7T LA &
IR RE BB T, 0 AT 7 4 e A 2 THT ) I Y B 55
YN B 32 DLVO fEH 4%, B 4 hasi A i /NE]
fR2% DLVO RERE R IR H/INGE (5] 1) 1 &, 1 31
TE4FEEEBS 90 ~ 100 nm &b, K /N2 3k - 0.027 kT,
X 2 WA 4 A R 3 3 45 55 4 O AT a0 b W% R 7 TR S
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Table 1 Basic properties of bacterial pathogens and Red soil colloids

95 J B/ 41 i AR JERE Lt 7% R zeta HL Sk FH B 7 28 it AL EPS & &
Kb
Bacterial pathogen/ Diameter SSA zeta potential " CEC oM EPScontent
. Hydrophobicity
Red soil colloid (pm) (m? g™ ) (cmol kg ™) (gkg™)  (mg10 ' cells)
WHEBRTE S. suis 0.68 +0.07 109. 1 -15.6 0.9 7.3% +2.1% ND ND 5.5
KIGHFH E. coli 0.88 £0. 10 39.0 -36.5+1.0 17.7% +£1.2% ND ND 2.6
EFAPLE A Organic colloid 1.69 £0. 04 59.0 -20.2+1.4 33.3°+0.7° 30.6 11.5 ND
LA HLFE AR Inorganic colloid — 1.42 +0. 04 72.3 -18.6£1.6 29.8°+1.2° 26.9 1.8 ND

T s zeta B FNGE K M2 7E pH 5.0 A1 1S 1 mmol L' KCl &4 T4, ND. A% Note: zeta potential and hydrophobicity were measured at

pH 5.0 and IS I mmol L.=' KCL. ND: not determined

®2 FREESZEREMEEERE Freundlich 23
Table 2 Freundlich parameters of interactions between

bacterial pathogens and Red soil colloids

oI5 T - £ e A

Bacterial pathogen-

Freundlich Z%{ Freundlich parameter

-1
Red soil colloid K/( mlg™") 1/n R?

T BR T - A PL B A

421.1+48.3 0.66+0.03  0.995
S. suis-Organic colloid

Ko BR A - 25 A HL I A
999.4 +183.0 0.67 £0.03  0.992
S. suis-Inorganic colloid

R FF 8 - 55 A AL AR

E. coli-Organic colloid

69.1+13.3 0.68 +0.06 0.974

R M ¥ B8 - 255 AL R A

224.3£42.3  0.71 £0.05  0.990
E. coli-Inorganic colloid
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Note: The inserted figure highlights the corresponding secondary
energy minima, OC and IC represents organic-matter-containing
colloid and organic-matter-depleted colloid, respectively

B4 9 D DA 5 A HE I A 9 A B FE e
(pH 5.0,IS 1 mmol L™' KCI)

Fig. 4 Interaction energy profiles betweenbacterial pathogens and

Red soil colloids at pH 5.0 and IS 1 mmol L™' KCI
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2.3 pH X £T 35 B IR Bt s TR BT 40 =2 i

B S frn 76 pH 4.0 B 20 18 76 20 58 i 1R 1Y
W Bt e K, BB pH T, W B B R OB T I AR
(p<0.05), 54 40 v s 7K M i £, 7T DLk 90 Bl
& pH F i, K AT o m Kk T B E Ef (p >
0.05) , 5% 5 BR 3 55 /K P 34 K (89.9% ~ 127. 8% ) , 3%
2 B 400 A i 7K P X I B e R TR R R R, AR
W Bt it B pH i i BEAR A LR A7 5 DLVO 3
WL X2 T REE pH A3, 40 TR R AR 2% 18 1 £
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(F£3), pH 4.0 Z0F T 418 - AR 1A 3 (10 REBE /)
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Fig. 5 Effects of solution pH onbacterial pathogens adsorption

on Red soil colloids
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£33 ATREBHKpH THERS ISR KR EERBBERER R EE

Mz FEAVRBIARICTRE T 2.0 x10" ~2.1 x

—O— FHEERRA-ZAPUTIEAR S. suis - IC

Table 3 Energy barrier and secondary minimum between bacterial pathogens and Red soil colloids in solutions different in pH
R - A A4 T K W KT T - A 14 A
o7 He Jie VW Interaction energy of S. suis-colloid Interaction energy of E. coli-colloid
fRed soilcolloid pH f it I UN - fE e TN
Energy barrier (kT) Secondary minimum (kT) Energy barrier (kT) Secondary minimum ( kT)
S HLITOR A 4 0.6 -0.070 113.7 -0.029
Organiccolloid 5 52.4 -0.027 172.1 -0.027
6 157.5 -0.022 262. 8 -0.025
7 186.2 -0.021 317.2 -0.024
8 189.3 -0.021 319.9 -0.024
9 219.6 -0.021 354.6 -0.023
J2 A7 LR e A 4 0.3 -0.074 87.9 -0.028
Inorganiccolloid 5 44.9 -0.027 146.9 -0.026
6 138.5 -0.021 228.17 -0.023
7 169.0 -0.020 284.9 -0.023
8 172.2 -0.020 288.0 -0.022
9 188. 4 -0.020 301. 8 -0.022
0.3 ~113.7 kT, R4 BR 0 7T 38 3 A1 B i 2l 5 e A 21
{IRAERRE (0.3 ~0.6 kT) AN ] 308 M 0 B T 2T S AR R 1HT o
KT B TC s SR e AR (87. 9 ~113.7 &T) WG ifE - £ 187
TER G /NAE A 20 R T 5 A ML TR R 3% T 1 %@
MRS I pH I K KR pH N 4.0 THiE 3= |
9.0, WP FRET 3.7 x10"° ~5.5 x 10" cells g™, g% ol D —
<
5
k:

10" cells g ™' DLVO Hi{ 15 A0 fil bt 3 th 22 7
A LB RE R 4 e R 1 e BB (219.0 ~240. 9 kT)
Wi TR AVLBT AR (188, 1 ~213.9 kT) , KU 5
A LT AR 1R Y BAE 32 DLVO AR H] ) 4 8k
[T
2.4 B R EE N AT AR A IR B O TR Y R i
MIEN 6 T KB, S0k 2B TR 1 mmol L
ETHZ 10 mmol L™, 45 J5U B 78 21 S8 i 1A 1 1) W B
B (p <0.05) , ML AAF 5 DLVO #g, J kL
(R4 HBOBL HE, J2 VB 2 i 2 - i 8 3 KT 38 ik, e 7 171
F, iy e A JE R 2 [) 1) 7 L R 0 S M /S, A S R
A1) 43 B BE B S W7 45 /N O3 2ok B 22 190 IR B 67 A5 A
G4 R 4 AESE DLVO BB K/ BE B T 3% (1
FHEmiREAL, KES FoRE R (1 ~10 mmol L") 41
BKPEREPTE30% a4 (K2 b) , AR FMER
(p>0.05), X W B i 09 fZ i VE AR Ko 24 85 1 i
BE M 50 mmol L' FFFZE 100 mmol L™ "B, KIGFH
T W B g T s RE - (p > 0.05)

9l —— KIFATH-& A PURIBA E. coli - OC
—O— KIATHE-Z AP E. coli - IC
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Fig. 6  Effects of IS onbacterial pathogens adsorption

on Red soil colloids

K 1b 2] 50 ~ 100 mmol L™" &5 85 73 & N K #T
R AI2T 3 IS AR B zeta LA AR AE (p > 0. 05) , L
FIARACAS K, FF A WL B e B T e B T R R AR R
THEERRE MM B TRET 3.4%~5.6% (p <
0.05) , LW Mt a5 fi 25 T DLVO B, msk4 al
50 ~ 100 mmol L ~" i 5% i BK i 5 21 18 i 4K 2 i) 19 .
VEREBREANTELE , BRI fE 4 0 6l (51 1) , R B 2%
TR AR 5 P18 AN T 3 R RS, 35 W RS2 B9 4 B B
BOR R EAE DLVO fEH I vl e 2= 5 T 1% W bt i
R AR R W, B 2 W TR 2 i Y B TR
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X S5 A5 - LT T £ S IR A L ) W R BIL A 4F 7

B 185 mmol L™' A% 560 mmol L™ | KIHFF 7
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AT R AN R S 0 A A g R A 5
A2 f B 72 £ 235 i) 57 BELHIE % 28057 EL A 8 B o
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S DRAN, S T o BT A EBR R Y B K R BOE T R
T9.0% , M KGRI FE T 3.2% (K1 2b) , fE K
F14) B R G Y S A s % T D55 1 e R A K A
F b T BEAE — 5 FE I L I T B ER B A B o

x4

FRIEFRETRRE S OEREHEE ARG R /NG

Table 4 Energy barrier and secondary minimum between bacterial pathogens and Red soil colloids as a function of IS

A TR TR - AR AT EL AR

RN FF B - I A A EL AR

T 198 g 1A B IS Interaction energy of S. suis-colloid Interaction energy of E. coli-colloid
Red soilcolloid  (mmol L™") AR VYN e VEUN-
Energy barrier (£T) Secondary minimum (£T) Energy barrier (£T) Secondary minimum (£T)

AL IR 1 45.0 -0.028 211.4 -0.026
Organiccolloid 5 27.9 -0.202 140. 4 -0.176
10 10.0 -0.536 101.3 -0.406

50 NB NB NB NB

100 NB NB NB NB
4 LR B4 1 39.9 -0.027 186. 6 -0.024
Inorganiccolloid 5 21.7 -0.201 111.9 -0.171
10 7.9 -0.525 86.3 -0.390

50 NB NB NB NB

100 NB NB NB NB

1 NB R ANIELERERE K 2% /N BE Note: NB denotes no energy barrier or secondary energy minimum

3 45 ®

A AL A B BR TR K R B TR AT 4 R A
5 THT B T R, 21 8 J5e A R0 4 T ) L 9 T AR DL % 3K T
P V7 2% 2R A TR T A BB T R 5 A G B R . #E pH
4 ~9 FIEE FoRJE (1 ~ 10 mmol L™") I PY, 40
WY AT SR 45 A 45 L) DLVO 348, W Bt 5 Ft 32 25 5%
Fi VR R, oK VR T W3 5 B O
J¥ (50 ~100 mmol L™") F, fG &9k DLVO 1E JH /1
(25 (RS2 BEL R B 7K AR FH 1) 78 5 ik 35K B W o6 o 2 v
HE T NE M EM .
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Abstract  Effects of soil pH and ionic strength ( KCl) on adsorption of Streptococcus suis and Escherichia coli on
Red soil colloids were studied, and mechanisms of their interactions analyzed from the aspects of surface physicochemical
properties of the bacteria and soil colloids and Derjaguin-Landau-Verwey-Overbeek (DLVO) theory. Results show that the
adsorption isotherms of bacteria on Red soil colloids fitted well to the Freundlich equation (R* >0.97). The partition co-
efficients (K,) of S. suis adsorption on soil colloids were 4.5 ~6. 1 times as high as those of E. coli. The K, values of or-
ganic-matter-depleted colloids were 2.4 ~3.2 times as high as those of organic-matter-containing colloids. The bigger the
specific surface areas or the lower the absolute zeta potential values, the higher the bacteria adsorption capacity, and the
adsorbed bacteria were found at the secondary minimum, 90 ~ 100 nm apart from the colloids surface. With decreasing so-
lution pH (9.0 ~4.0) or increasing IS (1 ~ 10 mmol L"), the interaction energy barrier between the Red soil colloids
and the bacteria decreased and as a result more and more bacteria got adsorbed. This trend was in full agreement with the
DLVO theory. The adsorption of S. suis on colloids decreased by 3.4%~5.6% under high IS (50 ~ 100 mmol L"),
which , besides the DLVO effect, was also ascribed to some non-DLVO effects, like steric repulsion and hydrophobic inter-
action.

Key words Red soil colloids; Streptococcus suis; Escherichia coli; Adsorption; DLVO theory
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