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LM HEER RT-PCR BEAEEM PCREAREEARE
K —FhET R RNA EERMER , ERNAFREHRE
EFHEFORERE, TAEPCRERZEAFTEH# TR,
BYETHE IR THARGROTREE. SHErEs
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1.1 kERXRRSLE

2 3C LA PG %2 7 B 35 R K A % B B AL B O B 5T R
B, XENMEZTERER,JLEWAT KEKEEFKELEH
B¥E, LWMANFENTRAK, B XBERERE. K
2006 4= 7 H Z 2007 4 7 A, WX B AL 7k o o 43 50 R 8K #E
FHERBLHNKECER RT- PCREBMAMAEEFAN,
R R R 1 m, KE AT 0.3 m AL REAKRE, I
BEBKEEQHR. KEEICEFFELZHNLHTE,
R FE 3 B R K — RIS VR R R KR B R R
B 1000 mL K#E, 35 Mg &RWBEHR 0.05 mol/L, pH {H
3.5, U EREE T 0.22 pm FLIZ AR A 4 4 B L 3B B,
FIAFRE - HEBMEBR(pHER 9.5) FTHE, £ 3R
N A PEG6000 F1 NaCl, B # 1B 5] ,4 CHREMLE, 4 C,
10 000 r/min Bf.L> 30 min, # L3, BB TTRE LA R H B RNA,
1.2 X% XER RT-PCR LR
1.2.1 EASIYEITEER

RFBHEFRE RNAS ERBX P RAHEREESFY)
Figit i —xt S4B E RS Y EVI: 5° - CAAGCACTTCT-
GTTTCCCGG - 3’ fl EV2: 5° — ACCCATAGTAGTCGGTTCCGC —
LA R — % & A8 A3 EVNL: 5’ - ACTTCGAGAAGCC-
TAGTACC - 3’ #1 EVN,: 5° — TAGGATTAGCCGCATTCAG - 3°,
# GenBank (3% B #1 BLAST HLXf 4347, %5 %W, Br it it p95l
YW E TEBKERFRS FEARE RN G ERE
NHMEBHERSE, FAREEAARBRERSHHMHEY
(%1,

1.2.2 tR¥ESBH &

BiERER PR ERRE FESRE RTRE
ZWRAMER KN URREASHBBEEHL, XRETE
KRB LES RPN RILFHERE. BEREREE
FOXMERFH LRFREMRTH EFERERGY
PCR At HRWE , Mz MB2RAEZNN, T LR
A,2ARRDEAYHKRARERWSHEER, HTHER
BRI . M5 K T 6 % T SRR B Vero 41 M o, X4 40 MR
R WAt R R4, R BUR ® RNA. KL EV2 3519, %
AMV 56 R B S HBIK R RIRE RNA RS IR Ry ik ot
TR, THRATYETF -20 CRE. UBHRTYR
B EVI f1 EV2 X514, 3#47 PCR ¥ 3, H BN EK™
M) - B Bl o4k, 5 pMDI8 - T 8 & (Takara) E B FE L E K
FFE XL1 - blue 1, B IPTG/X - gal/Amp - #% fif % th FH 4 18
#% 7658 Amp I LB W4k 3% 35 5t op 85 3%, 48 BRBRORE K 4T FF 51
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WE. BH U-3310 5 5 S )6 E i (Hitachi) & &, - 20 C
REE N F Lt E /] PCR MRS .
1.2.3 LBy ER RT- PCRA&W

F A Simply P & RNA £ EBUR N & (Bioer) BEURAH S P
.8 RNA. 3 RNA #1 EV2 5| 9B 50, il A AMV 6 5% % B i
Tt WA YET -20 CH%., B SYBR Green Mix
(Bioer)12.5 ;m,%l% EVN1 1 EVN, % 5 pmol, Taq B§ 2 U, N A
B 2 L, IR AK AR E 25 plo BUKAERR B Bt

M. £ MJ Chromo 4™ 3L B} %€ & PCR {X (Bio - Rad) k#1741
BREGRN . RBAMN:1)94 CHAW 4 min;2)  HHF
45 K :94 °C,30 5;55 C,30 5372 °C,30 s;3) 7 85 CHAEH K
B5. MALREHTHEREBARMT, N 65 TLLO.2 T/s#
BEABRES C,EBIMIBRPHERWU K. RMLEREH
MJ Opticon Monitor™ 8k {4 # 17 4 #7 -

1.3 HAWMFEHEFERN

B B S AR HE T BB AT A B 2R AR R I

4P B3 BUKHE 1 mL 5 15 mbL B BALHE AL
FAEES,37 CHEHBHF 24 h EHITHEE T,

2)KRBEE . BE R KHEMEET 0.45 um TR BE
B MRS TR EMM AR E,37 CHEBER 24
h itHRE AN ECCATSRABMES.

DNBRBER BERNKEMEET 0.45 um LBEH
BB G ZEREET M-FCIFRE L ,44.5 CHHEESF 24 h,
HHERRESROHNEE,

1.4 HASHEMRRITNF %

FIJH SPSS v15.0 G5 13 4 4 %t iy 18 A% B ok 48 A9 ok
TR K-S ERXHBIRER, LI E Bk wEn
AHME, MEERERENAE SR KRR EAGE
BHE Z [ 17 Spearman B I LM, UM ERBSREBEMH
E:

METRBEYELRRERMYRBENGELH 28
RO R B - B4 AT AU VR 0 0 b Bk VO B b, A
MHENMBRBESEANE - RN X ROHEEEY, EET 5
AR B E R AR H T

pa=1-(1-p)"=1-(1-e"")" 1)
AP p, FAENMRZRRMERR ; p, WAXKIME—KE
BEBROREr BB P HE 4 NBEARFEK
P HERBRIE

2 GRESH

21 TMHEXERRT-PCRAZHNRANENS /Y

DBERBRORES IERAITREEER PCREAM, %
BEH,EFEMENER 2.31 copy/pul. 2.31 ~ 2.31 x 10°
copy/uL R ER BN, EMERW S BESHEN ¢ M
FRIFMMEEMEy = - 3.6896x +42.987(r*=0.997), & ik
BEABEFMNERE, SHEYNHE . SHCHEHRE MEYF
KT KBRFEEOERRE XX RN
22 BEFRBREEKEDPNIH

MEB AW A G ERE R KRS K E S H R 531
copy/L #1574 copy/L( B 1), 2 EREBEREHEF K
127 copy/L 1 120 copy/L, FI¥IMBGEKER LREE RN
BROEVHEANUEEH, EXEHTHRBRERSG . EFK
Z X5 SRR BRI R A LR,
X HEREREZHBERORBRERK EEXRQH,BAFK
BB th S A A B
2.3 HitERH

BREA K-S EASH R ARG R XYM N HER
BEWREHRMBEB D (p>0.05), 25K B AL W 19 B B 5%
R W E R LT BB R 16.05 copy/L Ml 5.06
copy/Lo % Spearman BRHI X AT, BN B HERBRE 5 %
KBERESHEFERYLBEOMXE(p>0.05)(RE
2). XRHABBERENAHEKEPHEEMLPEFRAHS
MES ERAEEERFAERBEBERENFERDR.
2.4 REHX

BREUBFKENRBERIEKRESRMOR, B &
SN 40 K/a, B MR BA RN 100 mL, ¥ 8K R %
WIEE 1 K ATRE ARG EE (A21 70 B4 B FAURATHR T 12 R R M
T B 1 S5 B , S T FE 45 ORI A oh R R B BORL 72 30

BIEF LM%k & PCR BTGB HREE N RS H
SRR RSB RS ANZ RN XRE, TR
18 4 2 PG 30 Fn-Ab 359 = B4 R e 1 i T 5 B R BE UL AT - 29 (E 43
2 0.29 copy/L F1 0.09 copy/L. 5 i A ¥ 3 ! ) B 3B 6 S 48
BHERAULIMARNGEREPH—F NABRERER
BB 2 AE JLAT S0 A8 5 R K e e A N R 32
Bl % B B AR MR, R 4.

21 EASIHEIELR
Table 1 Sequences and localizations of universal primers

519177 5 R L B

Gonberk £ 25 H EVI EV2 EVNI EVN,
AY956406 HRKELBE 1B 122 - 142 490 - 510 201 - 220 413 - 431
AMO084225 K R AR 2 A 162 - 182 531 - 551 241 - 260 454 -472

L76407 HRRERFREIH 165 - 185 533 - 553 244 - 263 456 - 474
AB126201 FIBEAHEASH 92-112 462 — 482 175 - 194 385 - 403
AF329686 WEESRE AR 1-21 371 -391 80-99 294 -312
AF499641 FIEEH R E A9 R 165 - 185 533 - 553 244 - 263 456 - 474
DQ480420 PR RE B4 & 167 - 187 536 - 556 249 - 268 459 - 477
DQ534205 WA 30 &Y 168 - 188 537 - 557 250 - 269 460 - 478
AM396584 BERENR 165 - 185 534 - 554 247 - 266 457 - 475
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T i G A 0 PR X, T O KT A o R (LA K B
BREXBEBENBAEE. UREEKXHEHAREH
B2 EIFEAE— 52 09 Ho B 56 R U 0 B8 4% 1R % K bk o 0 B
REBRR MR HIT . R, XRAESE R
L BERRR S HEAEEE. BRBEHMARY, XE
EWRMAE KRB EBEARE SN ERENIRY, RAXX
BB 4R R W5k AT B E R R R XU PR B A AT SRR
BRIVEFZOHRMED W T RNEA RS BB
EEBETRAFHOEAREEONGERE, A&
B SEH 92 & RT - PCR J7 ik sb 2 — R B SR Bk 1A i iy
ERFHITRMNTE, MRA LR T A RSO0 E

®2 BERSNAHFRGAXE
Thbie 2 Correlations of enteroviruses and bacteriological parameters

HEEE KEEE XAHER
0.004 -0.025
p(WEE) 0.987 0.915 0.784
Spearman %A1 56 7 3 0.026 0.082 0.214
p(WE) 0.911 0.725 0.352

Spearman B HI X R -0.064

MBH

1A}

*3 HERBAR-REXESEE
Table 3 The Best - fit dose — response parameters of enteroviruses

55 JEUIA F K B R WIBEA 5 % ®ARE

LR (A21 71 B4 &) 128

HEER(k = I/r) 109.87 69.1 78.3
R4 NEHAMEBNBEFERLERR a™!
Table 4 Enteroviruses infection risk in Xingqginghu Lake and Beihu Lake

¥ 8K MR R E KRaEE

WEIH (A21 ®#1 B4 HI) 12 %
P33 1.05x 1072 1.66x 10 1.47x 107

b4 3.27x 107 5.20x 107 4.59%10°

700

B 5 B3 , B 65 Dl 0 B XU B F 41 4 436 B O of 0 0 L4
REBEPTREHKERIFE—-ENER, SR WK
gad B b B A ISR, DT 3t AR RE A 2 JE] T b A BRI
B, AR EAKEERA ) ZE R, Bl RS ke X
FARERFHOMIRIEREEN, 430K A6 s o B %
M- BB B EET T RBOMHRRIR, RAREN
EHEMEEE, B A SOBRR AR EN M RNY
Wio MBI KRB MBS EORE, AR A 6 5w & W 2
REK,AEREE - ENEVHEMAR, XIEERS5HE
RENFEFEURARERRORTRIA R
AXKSHBAFILEEANT EAFKHR, ERT
BEN—-KEBABRAMRBRAE HEHRBHNELTER
B K e ob i G BB KB E 107 ~ 100N, B T
¥ EPA # R K &b FEALTE (SWTR) BLE M9 % IR AE Y R e o]
BRERK 107, BTHERFRPHANEREHSH,
2 R g, Kb E AR R B ERE R R
BT 10%/a, XE— B REERNEEGETPLBBESL,
AXMEREBTHETRMAKAKC B HERFHIGTE,
WHAK S HERENRETABE, B, ®H WA G
B R K A L BB R S — P W EA MR,

4 & ®

1) 2 SO B LA % 6 F B RT - PCR J i % SR W O
BRI MY 2.31 copy/pl. B N1 %¥ XM BEAE 2.31 ~2.31
x10° copy/pL, SHE VI H . S RO W ERE HEF T
RN EE R [0E. 3 & SN

DNMEHAMAHM TN B ERERESTEAXVE, BE
FERWKESEXNBESDA, LA TIMEDMNH
16.05 copy/LFl1 5.06 copy/L. MiEWRESHE BB . KB EH
MEXBEBHLEEHHERLHE,

DY MKERRE | B FETRE A2l B4R,
BRATHGE 12 MR - KRR, R P R B #
Hof A AR f R 4R LB 43 990 1.05 x 1072,1.66 x 1072,1.47 x
107246 33 o 84 i 3B 9 B BT 72 4R B4R LR 4 B 0 3.27 x 1072,
5.20x 107,4.59 x 107,
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Fig.1 Variation of enteroviruses in landscape waters
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Real-time RT-PCR detection of the enterovirus-
es from the landscape waters in Xi’ an and
health risk assessment

ZHANG Chongmiao''?, WANG Xiaochang''>, PENG Dangcong'

(1 Post-doctoral Research Center of Civil Engineering, Key Laborato-
ry of Northwest Water Resource, Ecology and Environment, Ministry
of Education, Xi’ an University of Architecture and Technology,
Xi’an 710055, China; 2 Engineering Research Center for Wastewa-
ter Treatment and Reclamation of Shaanxi Province, Xi’an 710055,
China)

Abstract: This paper is concerned with the presence of enteroviruses
in the landscape waters. The universal primers have been designed
based on the highly conserved non-coding region (NCR) sequences of
enteroviruses genome. Many types of enteroviruses can be simultane-
ously quantitatively detected by the real-time RT-PCR with the uni-
versal primers of enteroviruses. Trough one-year trial monitoring in
the primary landscape waters in Xi’ an city, we have analyzed the
correlations between the enteroviruses and the bacteria parameters,
and evaluated health risk caused by enteroviruses. The results of our
investigation have shown the obvious seasonal fluctuation of the con-
centration of enteroviruses, which can be characterized by their log-
normal distribution. The geometric mean of enteroviruses concentra-
tion for the whole year was 16.05 copy/L in Xingginghu Lake and
5.06 copy/L in Beihu Lake, respectively. However, it was not found
that the significant correlations between the ‘concentration of en-
teroviruses and the bacteria parameters including the total bacterial
count, coliforms count and fecal coliforms count. According to the
exposure assessment of landscape waters and the dose-response mod-
el, of poliovirus typel , coxsackievirus type A2l and B4, and the e-
chovirus type 12, the annual risk of infection was calculated as 1.05
x1072,1.66 x 102,1.47 x 107 in Xingginghu Lake and 3.27 x
107,5.20 x 107,4.59 x 107 in Beihu Lake, respectively. It can be
concluded that these landscape waters were contaminated by en-
teroviruses and it is necessary to further sirengthen the monitoring of
enteroviruses in urban landscape waters.
Key words: environmental engineering; enteroviruses; real-time RT-
PCR; landscape waters
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