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Disinfection Action of Ultraviolet Radiation and Chlorination on Escherichia coli

and Poliovirus

XU Li-mei, ZHANG Chong-miao“, WANG Xiao-chang * , JI Zheng, ZHOU Jin-hong

(Key Laboratory of Northwest Water Resource, Environment and Ecology, School of Environmental and Municipal Engineering, Xi’an
University of Architecture and Technology, Xi’an 710055, China)

Abstract: We chose Escherichia coli (E. coli) and poliovirus as a typical pathogenic bacterium and virus, respectively. The effects of
two typical disinfectants (chlorine and ultraviolet) on each of them were investigated based on microbial culture and quantitative PCR
methods. The results showed that Poliovirus was appreciably more resistant to chlorine (required disinfection dose for 1-log microbial
reduction: 10. 14 mg+L ™" +min for E. coli; 19.2 mg-L ™" +min for poliovirus) and ultraviolet (UV) light (required UV dose for 1-log
microbial reduction: 1. 81 mJ-cm ~* for E. coli; 6.37 mJ-cm ™ for poliovirus) than E. coli for the microbial culture. For PCR, this
study revealed that 1-log gene reduction required UV doses and ct values of at least one to two orders of magnitude higher than that for
the microbial culture. The damage of RNA in Poliovirus was more seriously than that of DNA in E. coli. Single-stranded RNA was
more sensitive to UV irradiation than DNA. The result evaluated with the quantitative PCR method showed opposite result to that of the
traditional culture method in which the Poliovirus was more tolerant. The required UV doses for 1-log nucleic acid reduction were 135

> and 270.3 mJ-cm~* for E. coli and poliovirus, respectively. Nucleic acid damage required a higher dose of disinfectants

mJ-cm”
than microbial inactivation, which was probably atiributed to the phenomenon of viable but non-culturable ( VBNC) cells, other
molecular targets of inactivation and the persistence of nucleic acid after cell death.

Key words: UV ; chlorination; inactivation; nucleic acid; quantitative PCR; E. coli; poliovirus
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PRAFF 4°C TR 2L #r.
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PATIELE 10 5B (107" ~107"°) R T K &
100% Hep-2 AHAIIK) 96 FLARH , A B 5 42—
PHEIL 8 AFATHE, AR FLAEE R EE 100 wL. BIEH
YA BRZH, E H X MR A T B e —HE (100 pL
DMEM). ##f 1.5 h J5 (5P 30 min $% 5% 725018
A1) FEFURTEI, A 2% FBS i DMEM 4 Jitd 24 5
W, 2 H WSS AR A2 I3 5%, R Reed-Muench 2%
T T W B (TCIDg-mL™" )M o1
TCID,, -mL~" =0. 693 PFU-mL ™" (Ji§ 2 1 25 BEIE 1k
A, plaque forming units) .
1.4 @ PCR J7iAnll KA T Al K B 48 s 2
1.4.1 DNA Fll cDNA $£H¢

K FF B B9 7K RE 2214 000 remin ™" 4°C B0 20
min, 5% FVEW, WCAR R4, 2 BEZH T 5L K 40 DNA 42
U7 & (et B R s AR AR A R L DP2001)
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LU IR DNA PR AR, X 8 K 5T 48 9 2 7K
FER A RNA A 2048 B ) & (QlAamp Viral RNA
Mini Kit, Qiagen, CA52906 ) #2 L & RNA, Jf = 1R
PrimeScript ® RT reagent Kit with gDNA Eraser
(Takara, DRRO47A) #ET RT SN, #53] cDNA 12
J5 BRI

1.4.2 JEH PCRAGINITI%

YW E T R A R R R B R, R
SYBR® Primix Dimer Eraser’ perfect real-time kit
(Takara, DRRO91A ) i 77 %F K AT B 1) widA ¥ B2
(R D) FATERIIT. €8 PCR WA R N 12.5
wL i) SYBR Premix DimerEraser™ (2 x ),0.5 wL i
ROX Reference Dye II,400 nmol-L ™' Y L iiF5[ 4
URL-301 Al Fii#514 URR-432,2 wL (%) DNA, 8
ZliKANE 25 L. A PCR MY AR P :95°C Tl
A5 30 $;95°C 15 5,60°C 30 s,72°C 60 s,80°C 10 s
WAL S, 91 40 MIEEF.

K H] Primix the Ex Tag™ kit ( Takara, DRR039)

TR BE K TR R R #E A S'NCR R (% 1) 4T
PIg. & PCR MW AKFR H:12.5 pL Primix Ex
Tag™, 0.5 pL [ ROX Reference Dye 1II, 400
nmol-L ™" A FWES ¥ EVL R IE5]1 4 EV2, 400
nmol + L "' ) TaqMan 8%l EVP,2 uL ) ¢cDNA, i
gliZK#hE 25 wh. SOV FEF : WAE M 95°C 30 5;95°C
10 5,60°C 34 s, 934 40 MEF.

T 5B bR A A A R S R 2
PCR #r5 £k 09 & 37.: PCR 7= ¥ 28 4li b )5 % # 3
pMD-19T # & ( TaKaRa) I, 4 % # 7 W # 4k
#| DHS o 2 B4 rh. 4 PCR % 5% i 1% 19 FH
PEEVE T AMP 1Y LB 3552 B b 37°C 1558 16 h, R
FHTORL $2 B ) G P B 4 ks (A T A A
A, W), 38 2 Nanodrop 2000 ( Thermo ) il 5
FokLde B K A B R B E A ORLEAT 10
5 35 5 R A ST b o T 2k
1.5 Bdaabr

R PRI G X UE P00 R BREAT 8T, IE 4

F1 KEHEMEERREREHTE51Y

Table 1 Primers used in this study to amplify Escherichia coli and poliovirus
Y 514/ BRE SE FIYFHI(57-3") BB/ C BB /bp SCik
e -3 . 5 C
S HF URL-301 widA TGTTACGTCCTGTAGAAAGCCC 60 153 [17]
URR-432 AAAACTGCCTGGCACAGCAATT
EV1 GATTGTCACCATAAGCAGC
A RE K TR I T EV2 5'NCR  CCCCTGAATGCGGCTAATC 60 146 [18]
EVP {-CGGAACCGACTACTTTGGGTGTCCGT-1"

1)f:FAM (6-FIE9ERAEIEA ) 5 t: TAMRA (6-FRFEDY FFILE PRI 96 KL A )

Wi LBRFIRE 90% (1-log) FIrTs AY I 75 77 it (£ 4
AN B AR IR L)
EBRFE = 1g (N,/N) = kC

A b SR SOV N, T EE RO ) VR R (B
% ¥k CFU-mL™" 3{ TCID,,-mL™', % @ PCR:
copies~mL ") ;N Rl 2 J5 A 9 Ok B ( B 3R 1k
CFU-mL™' # TCIDg,-mL™', & % PCR.
copies-mL ") ; C 11 B 7 7 & (R SR 4M 1K B¢ .
mg-L™" LAMETHFE :m]-em ).

K H] SPSS Ver. 20 #A4F #E AT BRI 3R J7 22 4017,
FCBOARN TR B2 77 & D A MR B R R AP TE B B e
(P <0.05).

2 HRESH

2.1 EHE PCR RN BT B A0 K 5 28 s 7 Y
BRI AT S
ST MR T P B I B 5 2 T AL TR

TR IR EE 2330 1.1 x 10" copies+ L. ™' 1 2. 93 x
10" copies- L ™" KA 5 BURLZE 10 580 RS, 4T
FE i PCR S 7 AnifE R an &l 1 pfrs. 4 ks
W EE X EC S XTI Y CT A (€ 5 PCR 973 K2 by
DENCAT T IR B B A B T 48 7 G A 500) AR R
UFERPESC R, F B 1 AAL, K T B R A DG &R
# R® 40. 998, PCR § H4%4 % 98. 5% (E% =10"""
=1, SUBERR) HERE K BT 5 1 BURLAR ¢ R ECH
R*=0.994 ,PCR " 30°% E% =96.9% , 15 5| 3 K
FRic s U R U 5308 11 copies- wL ™' #1129, 3
copies L',
2.2 ERAMIH RIS IR AT BEX AT TR 1Y 50
AN R A TR R KT T BT 2R 2
WA RN R W 2 R, B IRESE R EOR
LSRR FI R A 2 m) - em 2 K AT I A
(8.1 £0.71) x 10* CFU-mL ™" B A% T 72 4 e
(3.52+2.08) x10°CFU-mL"~"' (P <0.05) , #R 1M &
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40 40
35+ 5
y=-336x+38.88 y=-3.40x + 39.89

= 30k R2=0.998 e 301 R*=0.994
o o
&/ a5t o5t
= =
€ 2} ® 20l

15 (a) KIGHF 131 (o) a0 g nits

IO L L 1 1 1 L 1 I“ 1 1 1 1 1 I 1

0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 [] 7 8
g Bk BE ) copies-uL™! g (KA JE ) copies-pL ™!
1 FHOREMEIRE CT XX FR
Fig. 1 Correlation between CT and plasmid concentration

AN (> 5 mI-om 7)) KRN K A AT B A
WES 2 mJeom PHHKE TR EEZER (P >0.05)
WA 2 () Frs , BIEE A2 K 2 b W B BEAG A
KIERTHMIL S P2k 5 l@ﬁ(ﬁﬁ%iﬁaﬁ%(&ﬁm@zk
=0.55, R* =0.94) , Fifi s 047 48 A7) i 4 B I
(R FERIRZS (h=0. 11, R* =0.99) JEREA e T
/ﬁﬁ:ﬁzw@%%ﬁr JB S AL R 1 SR A )
PR A Y RS RAT . SEANR k
S5 KA B —2K A FRUERY 20 m]-em ~, KIGFE
S8 K. AR 2 () A s UCUIR B RE L 33 K
TE R MFFE (0. 025 < P <0.041) , H 4R A8 477
HINF] 2 mg- L7 AT, Al )2V 30 min, K AT P& 58

mJ - cm I, KIGFF B AT widA F PR EE A (1. 69
0.64) x 10° copies-mL ™" ik F & I5 ¥ & (3.35 +
1.17) x 10° copies-mL ™" (P =0.006) , #X 1M , 24 £ 4h
2R F] 400 m]-em ™ (ZEAC B T V5 K Ab B
() —2% A ARAER) 20 mJ-cm ~> FlH K 8] () 25 40 2k
FIEARE 80 m)-em ~* SN &) L ARERIN (1. 46
+0.42) x10* copies-mL ™' (IERFELE[ K 2(b) ].
240.5.1.0, 1.5, 2.0, 5.0 mg-L~" Y& R8N 3% fik
SN 30 min J5, BBV 435 (5,11 £1.3) x
0°, (5.12£2.03) x10°, (2.22 +1.72) x 10°,
(1.6 £0.49) x 10° A & (0.67 +0.11) x 10’
HEB (514 £20) x 10°

+

. -1
copies-mL ™,

DK WRRENH AR R — IRV OCR (b copies - mL ™ IR U SR A X KA T T widA % 12
=2.96, R* =0.95). M 45 AR (P k1.0, 1.0, 0.283, 0.109,
FEHE PCR 450 /R M AMER R B ATASI S0 0.426) , vk R EBREN (8 mg-L~") X K HT Hi e
600 000 7 500 000 2.0
(a) o 6 L (b) ¥=0.003 7x
T, 500000 F - - R= 093
- T 400000
2 4 . % R T
S 400000 | ’ y=0.11x +4.04 £ !
3] ) y R*=099 45 £ 300000 =
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