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Original Article

Study of the Detection of Enteric Viruses and Bacteria in
Spring-water and Groundwater in Busan ('10~'11)

Seoung-Hwa Choil*, Jae-Eun Jeongl, Na-Na Yun', Nam-Ho Kim',
Yon-Koung Park' and Eun-Young Jung®

'Busan Metropolitan City Institute of Health & Environment, Busan;

*Water Quality Institute, Water Works HQ of

Busan Metropolitan City, Kyoungnam, Korea

We analyzed the occurrence of enteric viruses and bacteria at 22 places of drinkable groundwater (civil defense
emergency water-supply facility), 8 places of the groundwater used for drinking water in group food services, and 10
places of spring-water. When the 40 concentrated samples were analyzed using nested RT-PCR and real-time RT PCR
methods, norovirus and other enteric viruses were not detected in all samples tested. The detection percentages for total
coliforms, Escherichia coli, Yersinia enterocolitica of fecal indicator were 57.5%, 22.5% and 7.5%, respectively.
Colipages were not detected. These results suggest that high levels of fecal indicator bacteria in groundwater and
spring-water are not directly related to occurrence of enteric viruses.
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=
¥ HZF whole]s 289l 1 M HCI (Sigma, Germany)
2 pHZ 7.0~75 Aol 2 A&t} dejolo] &7 n)
Aol Wt E Wi w2 -3 Ao WA 1M
HCIE AA3] pHE 351012 3 the 305 ol HA

3] 42 & xEo] A7 beef extract B NS 2,500

Table 1. Analysis items and instruments

Items Instruments

pH pH Meter (HACH, USA)

Residual Chlorine, Multiparameter

Turbidity (Hanna Instruments, Woonsoket, USA)

X g, 4CoAA 1587 A4lEd gk dA4lE

SAs welar vpete] A

FE9 20 ml (pH 9.0~9.5)Z =9 ¢hd3] AH-F A17]a,

o]Z ThA] 4,000~10,000 X g, 4TollA 10327 A4

g = AAES WYL e dE Kol pHE 7.0~75%
A3l njAEe] 29 WXE| 98 dede d

=
& e 783k

(9]

Hjol2{ A S0l 5

RNAE FE317] 91381 QlAamp viral RNA Mini Kit
(QIAgen, Germany)E AFE-3F3T) A|ZA1e] ufFdel u}
2} RNAS F=5I3on 4] A7b4] -70C 3gare] B
watkelet

L ZHO[H A REAHE

T PG At o] Aot T wmEubolg] s A AF
(2007)°ll w2} semi-nested Reverse Transciption (RT)-PCR<-
Fel3tgl o AFE-E primer Table 201 713131t} (8,
9). RNA template 2 pl®l 2X RT-PCR Master mix 12.5 pl, =
Znjo]2]2 RNA polymerase$} capsid Al “d-5-31=

sense primer®} antisense primerE 22} 2 pl (10 pmol), DW

Ammonia nitrogen UV-Vis Spectrophotometer g
(NH;-N) (Varian, Cary3, USA) 6 WE 2ol F 25 ul 9SS 18T Thermal cycler
Nitrate nitrogen Ton Chromatograph (BIO-RAD, USA)E ©]83} 47TCA 403t reverse
(NO5-N) (IC-3000, Dionex, USA) ranscription (RT)S =312, PCR WHS-S 04T 155 5
Table 2. Primers used for the detection of enteric viruses using conventional RT-PCR
Genogroup Primer Primer Sequence (5'-3")* Polarity® Prodg;t) s1ze Reference
GI-FIM CTGCCCGAATTYGTAAATGATGAT F
2;’“’“‘“ GI-RIM CCAACCCARCCATTRTACATYTG R 314 Kim et al. (8)
GI-F2 ATGATGATGGCGTCTAAGGACGC SF
GII-FIM GGGAGGGCGATCGCAATCT F
gi’lmwms GII-RIM CCRCCIGCATRICCRTTRTACAT R 313 Kim et al. (8)
GII-F3 TGTGAATGAAGATGGCGTCGART SF
EV1 CAAGCACTTCTGTTTCCCGG F
Pan-— EV2 ATTGTCACCATAAGCAGCCA R 362 Lee & Jeong
Enterovirus 2)
EV3 CTTGCGCGTTACGAC SR
. Mon269 CAACTCAGGAAACAGGGTGT F Noel IS et al
Astrovirus 449 9 ’
Mon270 TCAGATGCATTGTCATTGGT R ©)

*Y=C/T,R=A/G, I=C/G/A/T

°F, forward primer; R, reverse primer; SF, seminested forward primer; SR, seminested reverse primer
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Table 3. Kind of bacteria and antibiotic used for coliphage test

Coliphage Host bacteria Antibiotic solution
Somatic coliphage (X174) E.coli Fyyy Ampicilin/streptomycin sulfate (1.5 mg/mL)
Male-specific coliphage (MS2) E.coliC Nalidixic acid (10 mg/ mL)

2t denaturation ¥-3-A1X1 % 94°C 30%, 54T 30%, 72°C
4522 35 cycleS WHESE & 72T A 7823t extensiono
2 3 Nested PCR-> RT-PCR 4H= 2 plell 10X PCR
reaction buffer, 2.5 mM dNTP, 20 pmol primer, 1 U Tag
polymerase (Bioneer, Korea)S ¥4 50 pl W58 =&
H1gk §-, 94°ColA] 33} denaturation, 94T 30%, 56T
30%, 72°C 45% = 25 cycle, 72°Coll A 787} extension &=
3} PCR YA E-2 prestaining (SYBR safe, Invitrogen,
USA)¥ 1.5% agarose gelol A 71719 5& Fadsloi(az
vlo] 22 GI2 313 bp, GIIi= 314 bp bandE F<135}3IT]
A P dxzwtoz ARSE HlolP A mmnlo
22 R skt AA} Mol A w=Rulo] | A(Gl, GI)E &
AE vpo|HAE AFEESTE g2 nlo]# A real-time RT-
PCTS 9138} Tagman probe™= GI-> Texas Red, GIIT= FAM
S AFE-8} 3L, real-time RT-PCR YHS-91-& AccuPower
Norovirus Quantitative PCR kit (Bioneer, Korea)2] master mix
o] RNA template 5 pls Yo & 50 plo] =25 3Tt
FAR FE5 93 ExcylclerRM% (Bioneer, Korea)E ©|
§3to] 50Cel|A] 3037+ RI-PCRS Fa3te] 94T 154
591 denaturation WHSAIZI F 94T 15%
ek

A mpolH A9l A HE

annealing 2

extension HH5-2 55C 13+

e Zupe]e 2 Bl o~ EZufo]g] 2 34k
$3] RNA template 2 ploll Z+ze] wmlolE
primer set”} 10 pmol 2 % 7}%¢ 18 ul PCR HH-&-
(Bioneer, Korea)¥} 4]t} v 42T 45
reverse transcriptions =33} L PCR WH3-2 94C 5
%t denaturation 94°C 30%, 55C 30%, 72°C 4031t
cycle, 727C 5%3) extension®. 2 F=3Y3}A 0}, 14} 5
S #3) Thermal cycler (BIO-RAD, USA)E ©]-&-3}%t}.
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Table 4. Characteristics of sampling sites

Sample type Item (unit) Min Max Mean S.D.?
Sampled volume of water (liter) 150 1500 762.0 465.7
Turbidity (NTU) 0.10 1.27 0.30 0.30
Temperature (C) 10.0 26.0 18.0 3.9

Gr‘(’r‘:i‘;‘g;‘ter pH 63 78 72 04
Depth to aquifer (meter) 45 400 142 65.6
Elapsed time after developing (month) 36 324 211 62.9
Daily capacity (ton) 52 300 131 77.0
Sampled volume of water (liter) 85 509 248 158.0
Turbidity (NTU) 0.30 1.73 0.75 0.50
Temperature (C) 8.0 21.2 13.2 44

Spr(‘;?f'lvg*)‘ter pH 6.1 77 69 0.6
Daily capacity (ton) 1.5 3.0 24 0.7
Elapsed time after developing (month) 84 432 272 12.0
Daily visitors (people) 50 200 140 46.9

2S.D.: standard deviation, * NTU: nephalometric turbidity unit
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Table 5. Detection of viral pathogens and fecal indicators
No. positive® (%)
Virus and Indicator Groundwater Spring-water Overall
(n=30) (n=10) (n=40)
Viral pathogen Norovirus 0(0.0) 0(0.0) 0(0.0)
Pan-enterovirus 0(0.0) 0(0.0) 0(0.0)
Rotavirus 0(0.0) 0(0.0) 0(0.0)
Adenovirus 0(0.0) 0(0.0) 0(0.0)
Astrovirus 0(0.0) 0(0.0) 0(0.0)
Fecal indicator TCC bacteria 14 (46.7) 8(80.0) 22 (55.0)
Total coliforms 14 (46.7) 9(90.0) 23 (57.5)
E. coli 2(6.7) 7 (70.0) 9(22.5)
Yersinia enterocolitica 0(0.0) 3(30.0) 3(7.5)
Somatic coliphage 0(0.0) 0(0.0) 0(0.0)
Male-specific coliphage 0(0.0) 0(0.0) 0(0.0)
Nitrate nitrogen (NO;-N) 4(13.3) 0(0.0) 4(10.0)
Ammonia nitrogen (NH;3-N) 0(0.0) 0(0.0) 0(0.0)
Turbidity 3(10.0) 5(50.0) 8(20.0)

*Positive; TCC (total colony counts) bacteria >100 CFU/ml, total coliforms and E. coli >1 CFU/100 ml, Somatic coliphage and male-
specific coliphage >1 PFU/ml, NOs-N >10 mg/ml, NH;3-N >0.5 mg/l, Turbidity >1 NTU

Table 6. Distribution of indicator bacteria of groundwater and spring water

Grounwater (n=40)

Spring-water (n=10)

Item (unit) Min Max Mean S.D. Min Max Mean S.D.
TCC bacteria (CFU/ml) 1 2500 358.5 5953 15 2500 760.3 716.8
Total coliforms (CFU/100 ml) 0 95 12.8 24.7 0 1600 320.7 498.7
E. coli (CFU/100 ml) 0 23 12 4.7 0 700 773 207.6
A |9 ol A mpoly 0] 0 oHE ZARIGITE tlEe] 4
A& ARt 2 gt 94 2E]al f71E o9 A
2 AN 4070 AR HF A, gy sEHeR B disiA e A4S TStk
somatic t°d+t 7A€} male-specific t7d+ =] 3l A, A A-AA GEA vlelgae HEEA o
BXe Ayl gt 94X 7} BEE A okt AT} 2009~20101 4k 24 B A A9 9] Ak &
rEufol 2 o9 A AL Ay A9 HAEFEC] 4
I F W 32%, FAF 15% 183 &4t 7% BalEkQlaL (10),
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