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Inactivation efficacy of quaternized chitosan/silver nanoparticles
to bacteria in water
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Abstract; In order to develop a new type of disinfection material for water treatment, a new kind of antibacterial
material named quaternized chitosan/ silver nanoparticles (QCS/nAg) was prepared by using quaternized chitosan
as a modifier of silver nanoparticles, which has synergetic effect and positively charged surface. To study the
antibacterial performance of QCS/nAg, neutrally charged and negatively charged nanoparticles were used as
comparison to inactivate bacteria, especially Escherichia coli, in water. The function of QCS and nAg in composite
materials was evaluated. Furthermore, the antibacterial influencing factors such as material dosage, pH value, and
chloride ions were studied. The antibacterial mechanism of QCS/nAg was concluded through studying the
dissolution of QCS/nAg and the reaction between QCS/nAg and bacteria, including adsorption and damage of cell
wall (cytomembrane). Results showed that QCS/nAg with high dispersibility was successfully synthesized and it
performed better inactivation effect than other nAg. QCS and nAg showed synergetic effect in QCS/nAg when
treated with bacteria. Compared with PVP/nAg, QCS/nAg exerted superiority in dosing quantity and resistance to
interference of chloride ion. The antibacterial mechanism was summarized as that QCS/nAg strengthened the
adsorption process of bacteria and the damage to the cell wall ( cytomembrane).
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HE AL E W B W W AgNO, ¥ R
25 mmol/L; #Jl & fL §M: 6. 25 mmol/L; QCS % & :
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JINE. o A AN KRV M 25 0002, o T MG B 45
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Fig.1  Characterization of QCS/nAg
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QCS/nAg .PVP/nAg F Citrate/nAg WL H GE 71, WF
5% QCS/nAg (HTRTE 1 ; 45 R AN 2 Fis. X T
Mt EARTE T, 3 BT A4 RO BT TR BE ) 2 QCS/
nAg > PVP/nAg > Citrate/nAg. 41K 2 (a) Frs,
10.0 mg/Li¥) QCS/nAg.5 min f4 4% filt i ] 428,
E. coli K533k 2log UL | ; PVP/nAg Fl Citrate/nAg
TEAR [ SE 56 250 R XF E. coli 19 % 2] 43 31 Ky
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TR B KIERE T, 10 QCS/nAg A5 5 B B i
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E. colift) K15 343 5 4. 31log 2. 54log F11. 61log.
18] 2 38 al 1, SR BT A A BHE RERS , B. sub%ZE. coli
SMER K . AR BB, 3 R B4 RE XS B. sub
F R % R MR TRt E. coli f9RK 35 Z. XF T K
TG 22 SEPEHEN AT BE 5 B. sub $E. coliZiHy A 3.
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QCS/nAg L -F PVP/nAg 11 Citrate/nAg B HiH
REJ7 10 55 H 3% 1 o P R QCS/nAg A T QCS Al
nAg MIPTETETEA 5. QCS/nAg MK I 52 IE L ( Zeta
HLAZ2 +30.7 mV) 5 I 7K H %) 20 T 3R T HL A Ry 175
H AR KR 4 B 9 55 L iU 7E pH 2 ~ 5, B AR KAAR Y
pH 2228 PR Bl 55 Bt , PRt 7K b %) 48 2% 18 R A2
R RS S5 T AR E. coli 5 B. sub 7F pH =
7.1 FHY Zeta B350 —=21.7 F1 -40.5 mV. fI
HoA e m B A7 89 PVP/nAg F1 Citrate/nAg AH L,
IR QCS/nAg T 5y T 43 I 4 14 3 . El Badawy

2Rt LRl AN [7] 3% 18 41 0 790 4 8 KRR B il
WATHFSY , W AR AR nAg PVP/nAg Citrate/nAg
S ACR OG89 KER (BPEL/nAg) |, H4%5
REWIE MR BPEL nAg 47 35 fic 1 1Y 2% BRI 2K
A5 0Esh, QCS [H B BT AL BE WAL XS QCS/nAg Y
PURTEREA BT oTilik. X T QCS WIPLHRAE ST, A2
AT THEMIE. Chen 45 WF 5 K B 7 4 46 7T LA
WY bR m U OR , 0 T . coli 4 2 4] 4 BR AT
1 ELAT 58 K VR . Huang 45 5@ it 749 JE RS -l
ASCIMEZ AR, Al (l 8 A i I8 A [R] if A o AL
LR fE.
2.2.2 QCS il nAg ££ QCS/nAg FUw i Pk B/
QCS/nAg 45T QCS 5 nAg HIHTHAHEE, X T
QCS/nAg KPR ZLAESE 5 N QCS Hl nAg HLHH fiE
o BT BRI A A R AT T B AR SE R, XL
E. colily Hbn W Fh % 5¢ QCS/nAg HYHLIA TERE. HEHL
4 HYUE MR AT SR, 2358 1.0 mg/L QCS/
nAg.1.0 mg/L PVP/nAg( 73 HPE A BE 5 8, R
PVP/nAg f4# nAg) 0. 1 mg/L QCS FI 1.0 mg/L
PVP/nAg +0. 1 mg/L QCS. o, AR AO40K 42
B (1.0 mg/L) HEATASLIRIE N T X 43t
A RHTR R 22 574 50. 1 mg/L QCS ¥EN T
AU KRR T A A BT, QCS/nAg i QCS it ik
BELAR T 0. 1 mg/L, B It e v B 2 O 1 B 4 3
PRI QCS/nAg HYRSCR s SEEe 45 R LI 3. W] LI Y,
QCS/nAg HYHTIACR W] .58 T PVP/nAg L i)
QCS. HH ZJE, 1. 0 mg/L Y QCS/nAg B 38 T
1.0 mg/L PVP/nAg +0. 1 mg/L QCS (25 5. tH AT
WL, QCS Fil nAg Z [u] HA7 BRI BT i 1 . HE AT fiE
Je A TE FLART Y QCS 47T 11 B4 A5 40 T 42 fih Y 5
PR T AR RO STR TERE. QCS/nAg 54
BHef,nAg KO RERECAY Ag ™ 15 20 TR A 2 fph 72 2
PR T AT nAg FEATHUR , P ™ A B R] B9 9T
g e
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Fig.3  Function of QCS and nAg in composite materials
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2.3.1  QCS/nAg Fhna ML RCR 152 1k
QCS/nAg # Jin & X Bt & 20 S 5% i 45 51
Kl 4(a) s, 7E R F5E 0 QCS/nAg #4540 T
(1.0,2.0,5.0 F110.0 mg/L) , fiZ5 QCS/nAg £
AN, T E. coli [ ITE R 5. ARSLH 9k
R 118 3% 2 R S 1 B A AN — S Bl 2. YK R
BB, ISR A K T 2 2 TR Ao EOL
AN 5 1 % T+ 1.0 x 10° CFU/mL 41 14 fr fE 46 I
BN I ORTE R dlog 7oAy, B 4L i KGR 1Y
B EATF A — s J1 . XK 3R 3log LR
()G L N AT 9%, e BR38)  be- WA B — sl
SRR RPAEIREN 0. 98 DL b N T e B ARES AL
L5 CT A (min-mg/L) PIREE, CT {E /)N, 3B
AR RCR B . W, K 2log 1) 10° CFU/
mL E. coli, QCS/nAg i 750 CT {8} 50 ~ 60 min -
mg/L. UL PVP/nAg W, A0 IR s I 4544 T, PVP/
nAg FikF| 2log AR, I CT {H2)>7150 min-
mg/L DL b (& 4(b)), & & T QCS/nAg. It
SR e QCS/ Ag It R YT IETERE.

5¢ . -
Z 4r i
3L g 5 .
L L
¥ |
‘g - QCSAgH &
A —0—1.0 mg/L —+—5.0 mg/L
v —4—2.0 mg/L 10.0 mg/L
0 20 40 60 80
t/min
(a) QCS/nAg
4r PVP/nAgBUIN
= X . L —e—1.0mg/L
g B ——2.0 mg/L
g b » 2 4 50mg/L
i A 10.0 mg/L
K1t
0 20 40 60 80

t/min
(b) PVP/nAg

R &M pH =7.0,t =25 C, H VI HEHE 1.0 x
10° CFU/mL
4 GRIEMBHRIMERT E. coli HTEMAEHIF N
Fig.4 Effect of nAg dosage on antibacterial efficiency to E. coli

2.3.2  pH X} QCS/nAg Hi B AR 152 i
pH A REXT QCS/nAg B2 1l HL M S HAR B 71
FEMO™ A M, T ] RESE W LR PERE . Rt

M pH X QCS/nAg HURRCR W W #1471 HE5E. %
JEE] pH X2 TG YRR 20, {UAE pH =5.0 ~9. 0 3
TS, 0 S8 3R, 1% pH 2540 T L E. coli T PR
FE. AN pH 44 F QCS/nAg K E. coli By F 4N
KSR, Al LA Y, QCS/nAg HURIBER % pH 221
L, TE TSR pH JE R, HHT W R pH =
5.1>pH=7.0>pH =9. 1, Bl QCS/nAg 7B ALK
pH A B85 o 4 T K %

4

W
T

KiEFE1g(N,/N)
N

—
T

e

0 20 40 60
t/min
SN A - QCS/nAg Ji B VR B 5.0 mg/L, 1 =25 C, 4
RIAHE 1.0 x10° CFU/mL
H5 QCS/nAg 7R pH FHIHEE
Fig.5 Inactivated rate under different pH values by QCS/nAg

XA pH 2544 QCS/nAg 13 1 it £ F4R
B AT T pH 5. 1,7.0 f19. 1 T
QCS/nAg 1] Zeta HL A 439k +30. 1, +30.7 F
+21.9 mV, BIFE RN 55 R PE IR, QCS/nAg 1Y
Zeta HL( FEAR — 34 (HRAE SR IR rh, 3R T L
AR R, TR R AT BB AR 59 M AR W R Y
OH ™ =W [ff7E QCS/nAg MORLIY 1. A [F] pH F4R
B 3E ) 16 BT R BE AR R Y QCS/nAg %5
SISO R B A AL e R k. K 6 BT R, AN
pH ZF T, QCS/nAg 125 A1 W Wi e 52 0 T
BMRES. EpH=7.0 F19.1 fIEN T, ZFHHLE
418 nm - A7 I FE A [F], W] QCS/nAg 238
R M AAAE T rp PR R 58 Bk R A5 vh . () B e B, A
pH =5. 1 M504 T W g {l I 2 B AL, 3R W QCS/
nAg 1655 IR PR IR h B A= T3 4r v . X T QCS/
nAg PURTH BRI TR , 1 19 2% 1T H A AR B8 9 i
WA T HBT R L. AR pH 25 1F 5 pH SR ILL,
QCS/nAg HA7H 5y (1) R T HL AV 1T 22 A 4R 2 1 i
L e, ik pH R QCS/nAg 5 B H 2 =i A 470 1A
CEWAR
2.3.3  SEETAYUASCRA N

BB BRI OO A TR ) K AR — B AR
SEONKAR R PR R Ae 2 — L A SRRk
RS T, A S oSSR A s
BRUTVE , - 2 07 7E A AR UK 114 2 187 B 1k 4R 25
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HERTRILE , TR 7K G S - 1) T o A 3 AN 15 i
250 mg/L, B G02 F i ik JE AAZ5IKF 7. 0 mmol/L,
AR MR P (508 T Bt — B T sek
HiEER 0.5,2.0 F1 7.0 mmol/L 3 4~& B F ik i 7k
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Fig. 6 Dissolution of QCS/nAg under different pH values

I ¥ C1- a
s * C1° 0.5 mmol/L §
Eo 3 *C1 2.0 mmol/L
55 —#—-C1- 7.0 mmol/L
 2r
i
Ko

(=]

20 40 60 80 100
o (FLEME) /(mg-L)
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2.5 jﬁ Cl- T
2.0 C1- 0.5 mmol/L
< ——C1- 2.0 mmol/L B
Z15¢ —=-Cl1°7.0 mmol/L i
$ 1.0t
s
Ko.5} -

20 40 60 80 100

o (FLHE MK / (mg-L)
(b) PVP/nAg

R NEEFE] 15 min, pH =7.0,¢ =25 C, IV LG EE 1.0 x
10° CFU/mL
7 SBETHMAKRBEMBIKE E. coli IR MM

Fig.7 Effect of chloride ion on antibacterial efficacy to E. coli
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