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Corresponding In order to investigate the occurrence of norovirus in rivers and beaches, a total of
Seong—Hwa Choi 81 samples were tested at seven sites of Oncheon stream, Suyeong river and
Busan Metropolitan City Institute of Gwanganri beach in Busan from January to November, 2017. To improve the
Health & Environment, Busan, 46616, detection of norovirus from sea water, we applied the inorganic cation-coated filter
Korea. method which showed 48.8% + 12.2% (n=3) and 27.4% * 6.0% (n=3) recovery
Phone : +82-51-309-2944 yields from river water and sea water inoculated with Norovirus, respectively.
Fax : +82-51-309-2929 Norovirus was detected in a total of four samples (4.9%), which all were Gl genotype.
E-mail : csw95@korea.kr Norovirus Gll was detected in three samples at two waste water treatment plants

(WWTP) outlet and one sample at about 500 meter downstream from WWTP in
both the winter and spring seasons. We also monitored fecal indicator organisms,
Escherichia coli (E. coll), Enterococcus and coliphages [somatic coliphages (SC),
male-specific coliphages (MSC)] to analyze the potential transmission of enteritis
causative agent in dry and wet days. Bacterial influences were found at the site of
the WWTP effluents in the dry days and spread further to the costal beach in the
wet days. But no viral influences were found in the river downstream in both dry
and wet days.
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INTRODUCTION
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- 2H}0|2{A (Norovirus)= Caliciviridae familydll &£8t= 27~40 nm 27|9] 7.5 kb2l
THUJIE RNA BIO[2AZM 6329 RAUAZE(GI-GVI2E MEEH (1, 2), 2 & G|, Gll,
GIV IAFZ0] AIZIOIZA 2% THS510] H3| =2HI0[21A D) 20| 75~90%7} Gl
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MATERIALS AND METHODS

AR

20179 122H 11%77RI FUAS Y FAE Tt Feesi+-EY22 0[021E 771 A-(S1~57)0M AIRE AHzISHACHFig. 1).
£ SR HE 2| 23 HHCR £ 20| 19.2 km, RARH0| 198.82 km’0|0}, HRE 35 U2 BA| 4402
0|85 &TONA'I 2, MOjH9| 2|7 SHHOR 0|0jA|H FFROIME £HGEA2A1Y H2BY 4524 m’)2 SE34H2/F
(1Y 218 1358 m)2l 2IZ YR47t RULH 2/5tRQ +YU0M FOH2| Si48AC=R 0/0f2lE SHHOICE FOR| sheaae

“3KOREA | |
P ': Hoedong reservoir :

\ <5~ BUSAN
; /JAP{KN Suyeong river

Seokdae stream

Oncheon stream
S1 S2
P o

Suyeong sewage ® Donghbu sewage
treatment plant =~ @ @ c treatment plant

S6

e, X
Gwanganri ® w/\/’—\

beach
1 km

Figure 1. Location of the sample collection sites. Location of the sites in which water samples were collected was indicated as
S1~S7.S, site.
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£HMSIACtH BRE0| U= 5HH4 U 54 2 05 GF/C (1.2 um pore; GE Healthcare Uk Ltd., Buckinghamshire, UK)
LE2 Motstct. HA membrane (0.45 um pore size, 90 mm diameter; Merck Millipore Ltd., Darmstadt, Germany)=2 Ea 01t
(LK Lab, Namyangjusi, Gyeonggi-do, Korea)of| 225t & 250 mM AICl; 10 mIE Y1l oF 1~2& A2|st & 15~20 psi2 22 O
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Table 1. Characteristics of host cells of coliphages

Coliphage strain Host bacteria strain Antibiotics
Somatic coliphage (X174) E. coliFamp [Escherichia coli Famp] Ampicilin/streptomycin sulfate (1.5 mg/ml)
Male-specific coliphage (MS2) E. coliC [Escherichia coli C] Nalidixic acid (10 mg/ml)

Table 2. The sequences of oligonucleotides used for the detection of norovirus

Product size

Genogroup Primer Primer sequence (5'-3") Position (bp) Reference
GIFF1M CTGCCCGAATTYGTAAATGATGAT 5342
gfrov”us GI-R1M CCAACCCARCCATTRTACATYTG 5671 314
GI-F2 ATGATGATGGCGTCTAAGGACGC 5357
GI-F1M GGGAGGGCGATCGCAATCT 5058 23
gﬁrowus GIF-R1M CCRCCIGCATRICCRTTRTACAT 5401 313
GI-F3 TTGTGAATGAAGATGGCGTCGART 5088

NaOH (pH 10.5~10.8) 10 mIZ #7510 127 x| & o2tA|AH ZEO)|

H,S04 50 It 100 x Tris-EDTA buffer (pH 8.0) 50 p

Ltd.)E f9-0f04 1500 x gOilA 1022t YelEelet 7, ChA| 2822 HaZ2|st0 29t -L'o'-?q%f@ ZZ 1 ml AEEWeR ZZ3IUCE
HO|2{A 5% A[PEUR itzE A7R| -20C0| 2oL

Hloj2iA HY 24
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A =2 AIR0IM RNA 2£2 Viral nucleic acid extraction kit (Green Mate Biotech, Seoul, Korea)S At235t0] CH2ah 20| A
S2% 150 plof| Lysis & Binding buffer 300 ulE @11 2IE5t0] AR0jM 587t BFSA|Z] & magnetic bead 20 IS
2IEfst & 10272 BFZ2A|ZACH Magnetic standOflA 3022t FAAI7]| 1L o%oﬂ”% H At & Wash solution 1400 & @1 10z
EI510 A0{=2Q4CH Wash solution I, Wash solution 12 22t S magnetic standoi| Al ZX{|A|H
5 % Elution buffer 100 uIZ ';*S’itf 52t BHEAIZI £ 60T heat blocko|M 10=22F YA[A17111, magnetic stand

M 3027F AAZ = HEUES £7{510] DNA 25t 22 RNAZ AtE3YCE
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RNA 2Z% 10 plZ Norovirus Real-Time RT-PCR kit (Genotech, Daejeon, Korea)Z 0|&3510f 50THA 3027t IHAIEI2SS AA|
5101 (DNAE M5t &, 95COIM 1587 27| denaturation A|7|12, 95C 152 denaturation} 56C 1& annealing2} extention
NHE 45 cyde BHESHACHABI 7500 Fast; Applied Biosystems Instrument, Foster City, CA, USA). PCR Et20{| A28t primer= Table
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RNA 22 W Z 2 o5t BE HAM2 L 2HI0|2{A Gl Genomic RNA (10° copies/ul; Genotech)Z 10'~
10°712] EF71I S|Mst & MY| AN SYSH ZHOZ realtime RT-PCRS AAISH0] ZHMSIACEH A gMste] 2 Ct 28 22
MS AFZ510] HIO[2{A copy 42 HBIICH BE 2M9| 7127| -3.682,y AWM 41,959 L R*= 0.9980|%1C

APT 0|2 28 oj2t U Centriprep® YM-50 5% Y#O| 54 £8S &0I57| 2fsh 2 S SOIAI0| gl US &5t0] S7 2
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Table 3. Recovery of Norovirus from natural seawater and stream water spiked with Norovirus Gl

Sample Initial concentration Recovered concentration Recovery rate®
(total 300 mL water) (total 1 mL concentrate) (%+SD)
viral copies/ml viral copies/ml
Seawater” 6.9 x 10° 19+ 04 x 10 274+ 6.0
Stream water® 6.9 x 10 34+08x 10" 488 + 112

Recoverv rate (%) = (Recovered viral concentration x vol / Spiked viral concentration x vol) x 100
® Seawater and stream water were sampled from S7 and S1

aliaet ST X|HO| BIHAE 212t D@ A0 4 04 YASIACH 4 AR 2 300 mIKS (5101 2H0[2{A G EQIE B
H204(6.9 x 10° copies/il)S 300 LI £ 20COIA 24AI7F HHE| MEHEH & WA WHOR L2BO[HAS 0fT} S25(0] Hlof2f
AZ BEMBICE 0123, 43t AIR £ w2HI0[2A 29 OIS HOI5H| 9fs AR 2 92 25101 SUsH WHOR EASIC

4712t 2719 2|17 0429 9| O|AH2IE 7IR2Z At
2 719 2|0 w2 o|AME LiElEs gHEAK(semi-variogram) HHE J1Z32|2 0|2510
O|RSt H&fol MYUXFCRZ O|HZ 2F grg 25te Kriging u—i 2M3¥oH, M2 Surfer 13 (Golden Software LLC,
Golden, CO, USA)S 8310 MA|THAELCY

rulo
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RESULTS

AQIAZE 0|83 HlOl2IAS| B4 B
w2HI0[2AT} HOIE|R] Q2 AN 40t AN FHEHAO| LRBOHAS HEF OIS
6.9 x 10" copies/mI2EE{ 1.9 + 0.4 x 10 copies/mI7} 3|4-g|0f 3|4 582 274
0.8 x 10" copies/ml7t &4-E|0f 3|4 82 488 + 11.2% (n = 3)2 HII=IUCE. F
02429 &2 100% 2 ot 3|4E2 ot CH(Table 3).

C2Hoj2A HE E4

ATUY22 oF St} Si-EY0| =2B0[2|A FE SHS TS| ffah 7710 ZARRHE Y22 2017 1428 11874 &

138](¢47] 92l, 271 43]) iH—’F% HAISI0] 8122 A2E H22 Algst 21t =28f0j2{A= 2¢0)| 2, 50 14, 11280 14 &

421(4.9%)0] 2= 44 2F L2H POIEV\ RUAZE2 GlIZ SRAL|UCE +F3tr22[d SF(SAUM 18], SFH221Y

YF(S5)0lA 28 22|10 &+ ﬁf—’Fﬂ 2y LFTOM 500 m 7t SRR I 2 (SE)M =28t0[2{AT} 18] FEE U2

TYY StROIM 0[0fAE Eetelsl+-S(S7)0AME e2HI0[ATL M HEE|A] QACE £H T =2H0[2{AE AZHOR L2
t P

h
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Hol2{A MAF BRAPF 2 H20 B0 HEC(YCH, L2HO[Z{AV HELYS I CH2 FHAR M L thdd IRRE A0 1
SR AZEs 22 SOISIQCH 290 AEE 549} S60| L2H0|2A sEs 2268 x 10° coples/100 mizt 1.1 x 10* copies
/100 mIE LIEHHRIC T, SAO|A 2= HIO|ZH AT} S60IA LE S|MZ|0f LIEIGCIL £+FZ olRE Al S7T0ME =2HI0[HAV}
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Table 4. Parameter characteristics of norovirus (NoV) Gll positive samples

i o o NoV E coli  Enterococcus Coliphage

Sampling ~ Temp DO Salinity  Tubidity (%o (l\/IPN; ey u (PEU/100 ml)

ite ti T H | P NT

site time (c) P (mg/)) (PSL) (NTU) 100m) 100 mi) 100 m) - o
é:b 17 12.8 8.1 6.8 0.62 1.62 6.8x10°  4.1x10° 1.4x10° 3.5x10°  2.4x10'
?gb 17 10.5 7.2 12.5 18.60 2.53 1.1x10*  1.5x10° 6.3x10? 12x10%>  1.4x10
s&/lsar 17 20.4 6.8 8.7 0.92 1.53 5.7x10°  7.3x10° 8.0x10° 6.9x10° 5.8x10'
35 16.7 7.2 8.7 1.11 2.02 7.9x10°  3.0x10° 1.4x10* 9.1x10°  1.6x10'
Nov 17

Temp, Temperature; DO, Dissolved oxygen; PSU, Practical salinity unit; NTU, Nephelometric turbidity unit; NoV, norovirus; £. col,
Escherichia coli; MPN, most probable number; PFU, plague forming unit; SC, Somatic coliphage; MSC, Male-specifc (F*) coliphage; S, Site

SOIZ|Z| QIQITt CHZE TRR|QL HRY | BAMRC B HA| L2H0[2A HEZ|HEOIM D52 LIEMCH} SIROM 527t Y
22 OIS 4 QUSCE S| AEE S59| 2Ho[2{AE AThHOR U 5=(5.7 x 10° copies/100 m)7t Zole|ion 1 of
S | HO|ME A3 HEE|Z| QT 110 HAEE S59 -2H[0[2{ALE 7.9 x 10° copies/100 ml 230|220 1 0|5 Z|HojiM=
HE0|

20| (2| IUATHTable 4).

ZARIZO| 42 U A D|4S 2E S4

7712 ZAIAYEE Y22 2017'F 1ERE 1187 & 138(d7] 92, 27| 42]) A+ HAISHH HEA Oojgsts £+ U A&
OldE 22 S48 dHEQACL 2 3,4, 58, (82 6, 78, 722 9, 10, 1€, A22 1, 28 Y22 si2l, St 0S0il=

ZAA| O] Mzt Bioj2{A0] WE0 SRRl +21 EE24AE 729 Helo| E Y&l st 32| +F0IA20 HE2
ZMAIEES 1245t0] 258t 22 11.56~14.07(Bd 13.10) psu= —;-7—."3_* 20| BlokE LIEHUA = AT Ef=e E8d 2.70 NTU
0|, St 04E 27|(wet days) ZAIOA El== B 3.58 NTUZ 22 0| AFR|H| EIY0| 3715t 242 &elg 4= URACE 0%
= ABERQ iy Y 7 & HyT THR| sCeF MSCo| AEE 2RSS ZUEME 20 A 20| OE ROITH 2{0[5 LIEHUA|=
ARUASLH(P>0.05), 217|2t 27| AtO] £2 =7 205t 210|(p<0.05)F LIEH{O| ZAR= A7CHet 22| o|3t5Hy U OS5ty ©
S| o S28 ARYS 2AQI5IUCHTable 5).

AR GE AR 4= BT s= JHZE SHM= 0352 HS AO| ti¥zat thya THA| SC7t welsh 24017F AZ(0<0.05)8 &

A 2
tA SCOt S5 OIE7MA| ULt 712FE AS0| gasts A8 AY 4 AUCHFig. 2).

=

A=Al Ho| TE A - 27| AR D=9 2XE HHst

S4%} S5 A3t Chel 2IZ0M YL Ho| HIF AP FO| AR OYB ST SIS XS HOIF 4+ UACHFG. 3). S4GY
S22 BRI SHSTISHAY SRPIIE AE 420 22 HFY SE Aol LIELR 4Tt 1 o AHkE
ik O I SCol 22 2% I150| & PR3 R D MSCOl il B3 24 Uielitd, 57@oeloka0lMe) 71
Z= 2H 39 Al 2% 475 S ZEn ¥R T

I

1z
oE

A71ek 27| Al A7+ 21 Hol| tish SUEAESE A =2 J3(Fig. 42 B8, A7[0le F 7H2| sty Y&/
(S4, S5)OIM Li2 A& DId=2| F&ez i 2YUIt S/GIALP T +38 SHRE 45 38He AS oAU, f70= 2

'

r
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Table 5. Seasonal characteristics in physiochemical factors and waterborne microbial indicators

. . E. coli Enterococcus Coliphage
Season Nooteme oy DO Salinity - Turbidity (o, (MPN/ (PFU/100 ml)
(C) (mg/) (PSU) (NTU) 100 mi) 100 mi)
SC MSC
Spring 31 165 7.2 8.0 11.63 3.17 2.0x10° 4.2x10° 1.2x10°  4.0x10'
(Dry days)® (199 169 7.2 7.8 11.68 2.40 5.8x10° 1.0x10° 48x10° 1.0x10
(Wet days)® (12) 158 73 8.4 11.56 4.40 4.2x10" 9.3x10° 2.3x10°  7.5x10
S%&Z:igygc 14 237 72 66 13.88 2.75 3.0x10° 42x10° 14x10°  2.5x10'
Ag;zfgyg 21 181 73 76 14.12 2.30 8.2x10° 3.3x10° 2.1x10°  9.0x10°
V\ég‘:;;ays) 15 95 74 109 14.07 2.07 2.8x10° 2.1x10° 1.2x10°  9.0x10°
Total 81 169 73 8.2 13.10 2.7 1.6x10* 3.6x10° 1.3x10°  2.2x10'

Temp, Temperature; DO, Dissolved oxygen; PSU, Practical salinity unit; NTU, Nephelometric turbidity unit; £. coli, Escherichia coli; SC,
Somatic coliphage; MSC, Male-specifc (F) coliphage; MPN, most probable number; PFU, plague forming unit; N, number of samples;
Spring months: March, April, and May; Summer months: June, July, and August; Autumn months: September, October, and November;
Winter months: December, January, and February.

2 Days with no rain at least for 3 days

® Spring wet days; after a day with 9.5 mm and 20.0 mm of rain

¢ Summer wet days; after a day with 3.0 mm and 10.0 mm of rain

It showed no significant difference with season (0>0.05) according to ANOVA analysis. t-test result indicated significant difference
between Dry days and Wet days (0<0.05).

M E. coli I Enterococcus M SC W MSC
100000 - .

10000 -

1000 -

100

Log concentration / 100 ml

10

Spring Summer Autumn Winter

Figure 2. Seasonal variation in the distribution of microorganism indicators at all study sites. £. coli, Escherichia coli; SC,
Somatic coliphage; MSC, Male-specific coliphage. Error bars indicate standard deviation and £, co//(a) and SC (b) are showed
significant difference between summer and winter according to #test (p<0.05).
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1.E+06 1.E+06
Dry days M Wet days Dry days W Wet days
1.E+05 1 1.E405
= 5 [
o 1.E+04 o 1.E+04 T
e 2 T
35 35
w w
O 1.E+03 | O 1.E+03
g :
O 1.E+02 O 1E+02
g 8
1.E401 1.E401
1.E+00 1.E400
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Figure 3. Comparison of fecal bacteria and coliphages in dry days and wet days by sample location. It showed significant
difference between Dry days and Wet days according to #test (0<0.05).
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Figure 4. Variability of microorganism indicator in dry days and wet days at study area. The color shows the changes of
concentration level of the indicator microorganism. Concentration units are shown above each color bars.
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