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F1 nZVIXRAEMPEBRHR

Table 1 Removal of microorganisms with nZVI

WA= FHE/(mg-1.7") i i) /min FRRECR Sk
KIGHFAE 9 10 3.4 log(H4) [4]
KT 90 60 2.6 log(H %) [4]
KIGHFE 7~700 60 25%~90% [5]
PN LR 1000 60 64.1% [6]
KT 100 60 5.2 log (7]
PN LR 112~1120 1440 20%~66% 8]
i ZEAAT I 100~10000 5 KA #:80~100% [9]
iiiEte) 100~10000 5 JoKiE [9]
YECIR IR P 100~10000 5 TIEHR: 100% [9]
TR AR A S I 1000~5000 10080 75.6%~99.9% [10]
MS2 W A 50.4 30 5.3 log(%) 5 2.6 log (%) [11]
WA 49.07 120 5.51 log 2]

oy A A A R R K P G A 0 R TR A A log AT R A - IR B Q=log(N/N), No& N A A #0460 2l o o i 2 i Ak 0 R . B AT AR P Stk

Mty R IR A log % BAY R K 7 X, K T RIAFGLE R, AL RBATH—,
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W BT, 4R BE 22 B S A A . AT BTSN, nZVIE K
AT A IR T PR S A T ARG BE 2R 16 o nZ VIR
B 1T BE R S EUR B RIS B — A S 46, nZ VI
R A= X T AT IR B RFH

Fe’+0, + 2H" — Fe(Il) + H,0, (1)
Fe' +H,0, + 2H" — Fe(Il) + 2H,0, (2)
Fe(Il) + H,0, — Fe(III) + -OH + OH" (3-1)
Fe(Il) + H,0, — Fe(IV) + H,0, (3-2)
Fe(IT) + 0, — Fe(IIl) + -0, (4)
Fe(Il) +-0; + 2H" — Fe(I11) + H,0, (5)

1.2 ZK4R

YHARARVE A BT AR KA AT B | 4 ¥ (R A BR i A
S AR EA AT PR MIS2 I AT A S5 B AR A B I IR VR L i
Db I A RAR R P AR AR SR R R B AE N, BN = A I
B 8. BHAT, T AR A W 0 Bk 32 v e S0
FHRICRMBEE AT o AR TYORR A Rrik b2
WEPE L TTRL A BB M . Zhang ZEMIBIFSE & BN K AR (500
pe/ L)FESEAME(365 nm) JGT 2 h 5 X R FF B R K BRR K
T90% , 1M 7E HL G 51 N G KRAR X KIGAT B L A 5
KT YRR L P A 22 BRAILEE B B AR B T A BRI 4]
AR, BRI, AR AR A P 1 B2 B T AR AR 1)
i REVE FH A 2 40 R AR RS A AR 2 - 0 A FH 0% R & 1 L)
YRR A W E 18

2 ERESIEMAMKRE
&R EY AR EZ ALK — A AR (nTi0,) (4

KEEAFE(nZnO) K EALES (nZr0,) AR EAALHT (nCuO) Al
AR AL (nALO) 5 o 5 A & Jm S AL AR FERAR L
nTi0, BA B ISR | R I A=A R 1k B 1Y
JCHEALTE PR AR AR A, e fie W B — TP KL
ARy

VES B SRR, nTiOL AL 35 Safe A AR AT , Wl LA
Wk R E =S ORI 1o 25 ORI 1R DL — 22 5K VR
FOSTAE R Oz OH ZEE MR i (2 (6)~(14))™ fh TG 1k
AR EAT B R A AL RE ST, nT LSRG 2 A U A i 3
FRIT IS T L, TR P E TR 8, AT 2K
HA A ol A W B SR AR ™ S A X SR S ] DL
M, 5 0 40 Y AR BRI RE , AL TT LS 30 DNA HErp
AR 2 18] IR — TR B RT 2R, IR DA RO XUBR e 44, i
AR T A= W 240 DNA 549 52 1, 688 200 0 1 1R 9881 2L
AT,

TiO, + hv — TiO, + e, + h}, (6)
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R2 nTIOXAERNEBRIR

Table 2 Removal of bacteria with nTiO,

WA F/ (mg- L) 5} 8] /min ERRER Sk
KIGHFAE 9 60 >6 log [26]
PN LR 500~2500 60 99.9% [27]
KIGHFAE 100 40 99.999% [28]

W it 2 AT P 1000 90 4.57 log [29]
FARZEDT TR 100 40 99.996% [28]
GTES AN k) 100 40 99.943% [28]
e M B 90 60 >6 log [26]
[ T 100 40 99.974% (28]

A B (R A B A 7~700 60 >6 log [26]
RIHER 1000 60 >6 log [26]
AR A 100 60 2 log [26]

BB BT 4 B (0 R AT BR R AR I ER T8 ) 9 25 BRAICR: , 45 e
W1 60 min J& nTiO %} PO R 240 7 19 25 BR K T 6 log, nTiO,
BT XN EA A KAE A, G it B R K AER, inMs2
W TE 1A PRD1 W TS A | phi—X 174 W& 1A 02 Wi B AR
T3A, AT DS EHE X A P 1) 2 BRSO R 37 3
AAMTEIETE . H 2 T nTio, T B XF 2848672 A i 17, 6 F)
FHRAR, AT A o etk 4 S O b . & @B at
MAES R BT PR, RSk, 74
R B I HIR R AB 2L 1 nTi0, EBRMUE Y AE SR, it
BT LIBH Ik -2 O R A A B TR -4 U 4y
BRI R m AR, AR E B A kT E R A
B, AN, ZRon R BN B/N (S/N N PN AT L
PEE nTiO7E 7] WO N MR, & M T B FE FA s

3 WREMRMHE
BRIEGAK TR T2 2L G W M BRAORAS T 80 45

% 40 2K 45 (Carbon nanotubes, CNTs ) 42— Ff H il J&. T AL 11
AR B 2B U S R R A5 5 40 BB, CNTs 43R
PABERRANKAE TN ZBERRAKRAT . K98 2B CNTs X K
FFB A BE TR BT A R 2R AT B R AR T B R VD
ITEG TR J8 I MS2 W T A 55 18 B L BRAE I 1(%3) . 7E
CNTs 1, B4~ CNTs IO IS RN CNTs [ 25 B AR
AT FURT CNTs 1 55 S0 2 2 1 RS 4 4 KT DL & AR F AR
W BT, BRI, CINT's o200 BT 7 B S5 Tl 2 A AT A P R 0 ]
FEBEJ] o Upadhyayula S “/BIFFE & B0 CNTs XA, FL 2 AAT T 1Y
W B AR5 R i P A RN K B e 7 A 1) 27 ~37 5o B AT A5
WF 7% & Bl CNTs (1.0 o/L) X K B #F B A 5 19 0 B i
(99.99% ) o 734k, CNTs X fill 4 Wy B A7 3 5 W ik 1) RE ) o
Deng 7 IF 57 B CNTs Xof 4> B €00 881 28 3K BT 11 W2 B R 7 S %o
KA FF B B 7 1 100435 , 4 5 €038 4 BR A1 AR A 8 X
CNTs 838 P W2 B s5SASAEAE 50 S I B, CN'Ts X AN [+ 241 77 7
Wedn HA TPt

%3 CNTsXAEMMERIR

Table 3 Removal of microorganisms with CNTs

WA TR SELR AL F4E/(mg-L™") B} 7] /min P SCHR
KIGF ZRERRINAKE 1000 60 99.99% [38]
KIGF RIS 100 1440 55%~60% [38]
KBTI PARERRANAKAE 5 60 80% [40]
KIGF ZRERRINAKE 5 60 24% [40]
KIGF ZRERRINAKE 2 360 3.67 log [41]
KBTI PARERRANAAE 5000 120 58.1% [42]

VR B S ] PARERRANAAE 5000 120 87.5% [42]

Bz i T HUBEIRINKE 5000 120 65.1% [42]

SEOMERE  RERYOREE 5000 120 85.6% [42]

VIR TRANKAE 200~250 15 7 log [43]

MS2 g 14 ZRERANAKAE 5000 0.5 >99.6% [44]
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UEAN , FEW I D i B v, CNTs I8 HAT B 1 30
AR Deng ZEHFSE T CNTs X 4 8 (0 45 2 BR 1 (2.5%10°
CFU/mL) F1 K 7 #F 14 (1.7x10° CFU/mL) 4 W B, 45 52 & 91
95%h I A TR 7E 5~30 min 4R E R CNTs [, Upadhy-
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2 21 B AN R Ab 22 25 A8 B AR R ARG SR P i) 2 B e
ASTA], G0 BRE B 4 K 5 A 2 BER O KA o Kang S “F 58 T
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IR B BARE B AN KA X KT FT TR KT 2% (80% ) 1 T 22 Bk
YR (24%) o 5 ZBEBRAUKE FILL , FUEERR IR HA
JINFRAE AR TR ) T R DA B T ) A~ T R LA
BT TERE

Y0 KA R} A 2 T IB U T BE 23 B I 4 K ARG e T M IR
HEMTE MR R P E PR KB . Liga S BF5E T4
A nTiO N R IAFF TR 1 2B, 45 R R nTi0, KBk 4 log 1Y
KIGFF R T 22 5.1 min, TTAAEME nTiO, L7 0.75 min,

YRR 53 BB 2 5 W 40 K A B 2K A5 v ) R
FURAR, PRl A 252 i g KA RO A 1 2 B itk e i) — >
BN R o T HOE R LB T A K b RS A W 0 e BL
23, Lin SEWHHSE T 4B A1 3R (4 CNTs X KA SR IRFT
A4 o (TR e A 8 BR TR A R ZE AR R BT E I L 25 SRR
A A A5 X A BT 11 22 BR BE 71 EL AT 2R AR 4N K A5 5 o

YRR ) Ve B AR 5 e L BRI A M ) — A
o BREIFR A, nZVI(10~50 mg/L) X £2 W A Y 2

B (2.8 log~6.6 log) Fifi 25 49 K 2 A1 2k 1 48 Jin 591 2 T o 1 7
o nZVIRE G n] R 23l Sk 16 R S I B . TR
B, i W BE 19 nZ VI BE 8 B AR A AL Tl R 2 o L Ah,
nZ VT 85 bk 72 H R 1 A 22 At 2 X 22 19 25 PR 21— /2 1
1EH .

4.2 &Y

YRS AN R FP IS R 3 A ) R BRI AR TR o Avanza-
to ZEPIHFIE T MgO-GeO, 94K A M R X 40 B 1Y) 25 PR AR
KIL0.25 o/L ) MgO-GeO, X 4 5 {0 7 25 BR 1 1) 25 [ R h
80% , T %t KA AT B 9 L B R HAT 25% . 5 ABIHEL, Diao™ A& AT
FE T AUORZM T 3 PPl E P 2 BRASCR , 45 R %1 0.1 /L
() nZ V1] LA 5 AR BRI B 58 42 00 , XA R ZE FL B ) 2K
T30 80% , M X AEBE i B 1A KIERICR .

TR 0000 T e s £ 5 W) 4 K A o HE 1) 2 BR AR .
AR BT S I nZ VTR 02 W TR AR 1 2 B R B T 0 Bk
FER TR PR SRIERHE N 10 PRFU/MLI 5 8558 2 4
W8 MR AV EE 9 10° PFU/mL, 10° PFU/mL 1 10” PFU/mL
A 22 BR300 3.6 log 1.9 log F11.6 log.

4.3 INEEMG

pH EE MG B AP A3 4 B T RO
PR Ag e MR SR D 2 DRI S R 40 oK b e 2 B St A
HEEME . Fabrega ST T AN pHABE A T 9KAR XS 56
B LR BT 1) 22 PR ASCER , S5 SRRI, pH (B R 9 I, 2 mg/L 4K AR
X 2 AR B TR ) 22 B 2k 31 90% , 17 pH B A 6 F1 7.5 1, 40
RN AR AR TR Y B BRI o Sl B o A5 R 3,
nZVITEFRE A5 (pH=5.0) T X £2 05 B 4 (1) 22 B R 28 8 T
P A (pH=9.0) FY LR . LA, B Y A B T
SR FEE T I AR A 2 B I A K AR X Bl A A 1 2 B Ak
. Lee ZHF5T & B, nZVI(90 mg/L) 78 PR 48 A5 14 -4 2%
PR XF KIGFF T 60 min (9 25 FR 373501 /2 3.6 log F12.6 log,
B nZVIFE DA ME T He A S 2 1 T 6 KA v A R 1Y 2
PEME . X E B T oZVITEI R A0E F B0a i A = ot
S, AR R BR 1) S SR AR . Zhang SE"BIFSE & BLAN
KAR (500 pg/L)7E2EHME (365 nm) FES 2 h 5% KB HT Y
FBRFBRTF 1 log, 76 LBIE 55 MF T AORARXT KA B LT 1%
HHM, Fabrega 57 3B, 76 OIS FEIRATAENT , nAg X5
FEAR ML TE 3 h 9 A A 0] 3K B 509% 5 {7 2 4775 Ji 5 R
I, nAg X 2GR SR B I B VR T 2 o Li ZE00F98 T #1
I nZVI, R A Y (R O ETREL R R E R ) A
HLBE I nZVI(100 mg/L) X KB A0 2R, 45 e 3
T T BfE SR 5 ) (CROR A i R £ R R A ER) A ML Y
nZVIXF KA B 60 min J5 BN HIZ R 0.2 log, 187 nZV1
AU R A 2.2 log, X A HESE I TAEEE A nZVI B X5 T
KIGFF B A, 10 A B 1) SR G s HLBERELLE T nZVIXT K
JoFT IR 2R T A B, DRI R R B
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Removal of pathogenic microorganisms in water with nanomaterials:
A review

XUE Xingyan, CHENG Rong, SHI Lei, KANG Mi, ZHU Yan

School of Environment and Natural Resources, Renmin University of China, Beijing 100872, China

Abstract In recent years, the microbiological safety of water resources has attracted more and more attentions. Traditional disinfection
technologies, including the chlorine disinfection and the UV disinfection, are unable to meet the needs of social development. The rapid
progress of nanomaterials provides a good opportunity for developing a removal technology of pathogenic microorganisms in water. This
paper reviews the removal of pathogenic microorganisms with nanomaterials, including the zero—valent metal nanomaterials such as the nano
silver and the nanoscale zero— valent iron, the metal oxide nanomaterials such as the nano titanium dioxide and the carbon— based
nanomaterials such as the carbon nanotubes. The removal mechanism of pathogenic microorganisms in water with nanomaterials is analyzed.
The major factors affecting the removal of pathogenic microorganisms with nanomaterials are discussed from three aspects, including the
nanomaterial characteristics (size, chemical composition, chemical structure, and surface modification), the microorganism (microbial species
and initial concentration of microorganism) and the environmental conditions (pH value and dissolved oxygen). The existing problems and
challenges in the application of the pathogenic microorganisms removal with nanomaterials are summarized, and the related suggestions are
made.
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