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Study on Distribution of Microbes in Waterscape Facilities

in Gyeonggi-do
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Jung-Hee Lee, Hye-Yeoun Lee, and Young-Suk Kim
Department of Immunodiagnosis, Gyeonggi-province Institute of Health and Environment

ABSTRACT

Objectives: We analyzed water in waterscape facilities to investigate contamination levels of water-borne
pathogens and four test items (pH, turbidity, residual chlorine, and Escherichia coli) at facilities including play
fountains, splash parks, and artificial streams from June to October in Suwon City and in the whole of Gyeonggi-

do.

Methods: A total of 62 waterscape facility samples were collected from 36 sites and tested for pathogenic
Escherichia coli and water-borne viruses that cause hand-foot-and-mouth disease, eye disease, and acute

enteritis.

Results: None of the water-borne pathogens were detected in waterscape facility samples collected from across
Gyeonggi-do that were for pre-inspection for facility management. However, the results of samples from Suwon
collected in hot weather and during the school vacation period showed five total inconsistencies in turbidity (four
cases) and Escherichia coli (one case). Three out of the four inconsistent samples in turbidity were from the same
facility which operated a sand filtration system due to its locational factors close to mountains.

Conclusion: We suggest that the waterscape facilities in Gyeonggi-do are managed properly in the respect of

microbial contamination and water quality.
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AJulo] Eﬁ’\(waterborne virusesye= F2 A XS,
sk, allF SOl SAle &5 Bl AHEHE kel
HAE, Al e e AUl S4skaL B
7 A ALl ® wjESE S A ntole e 2
Picornaviridae (polioviruses, enteroviruses, coxsackie-
viruses, hepatitis A virus, and echoviruses),
Adenoviridae (adenoviruses), Caliciviridae (noroviruses,
caliciviruses, astroviruses, and small round-structured

viruses), 123l Reoviridae (reoviruses and rotaviruses)
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pH, B=, FeldFd4s ol SHson,
FHE olgate] 1L o

ARl 4C olakm W LRkl fel

AE QFOF ksl A SAEHA] &3itt

o AZ A2 Colilert test kit (IDEXX, USA)

3 -8 ae] 8 FH R AAEIsiTh &
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Aokt AR 100 mLE E3ate] widst $,
Fgo] ERIEH st PO Wgsie] At
W Q44 & (Pathogenic E. Coli) AZE Alg2

7k wFsATt.

H, EMB Hjx|o]| A Zejo] U= F2khS TSA (Tritone
soya agar, Oxoid, UK)oll AP SZ 37°C, 18~244]

Table 1. Information of waterscape facilities selected for this study in Gyeonggi Province and Su-won city

Site Location Type Site Location Type
NI Ground fountain S19 Ground fountain
Goyang . .
S2 Ground fountain S20 . Ground fountain
S3 Ground fountain S21 Yongin Ground fountain
S4 Paju Ground fountain S22 Ground fountain
S5 Combination fountain S23 Icheon Ground fountain
S6 . Ground fountain S24 Hanam Combination fountain
S7 Stheung Ground fountain S25 Combination fountain
S8 Ansan Moorage fountain S26 Combination fountain
S9 Ground fountain S27 Seongnam Ground fountain
S10 Ground fountain S28 Ground fountain
Hwaseong . N .
S11 Ground fountain S29 Combination fountain
S12 Ground fountain S30 Bucheon Ground fountain
S13 Ground fountain S31 Ground fountain
S14 Ground fountain S32 Combination fountain
S15 Suwon Ground fountain S33 . Ground fountain
S16 Ground fountain S34 Gimpo Ground fountain
S17 Ground fountain S35 Ground fountain
S18 Osan Combination fountain S36 Ground fountain
S37 Pyeongtaek Combination fountain
Site Location Type Raw water Management Disinfection Filter
SS1 Combination fountain Tab water Local government Ozone
SS2 Combination fountain Tab water Local government Ozone
SS3 Suwon Combination fountain Tab water Local government Ozone Sand
SS4 Combination fountain Tab water Local government Chlorination
SS5 Combination fountain Tab water Local government Chlorination
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2.2. FRlgH0lH A 24

2.2.1. Hlelg& &

n Ay E F= &Y InnovaPrep Concentrating
Pipette (InnovaPrep, USA)S A&-3lo] A|lEE 55
ATk A 0.5~1 L 3024 1A17F 5L ultra-
filtration pore size tipS ©]&3}] &332, PBSZE

elutiondt & I3HS FZ3IATY

222, 3 &

Maxwell RSC Viral Total Nucleic acid Purification
kit (Promega, USAYE A3t As3t AHE &
3 S FEIUT

A 200 uLoll Lysis buffer 350 pLE ¥ A&
£ resuspensiondt & Proteinase K 35 uLE ¥ 5
Z7F voltexingsFAt}. 56°CAlA 108 &<t A8}
AL, AEE AlEE 7REA 1l EFsisith Tt
EZ]A] 8§Ho] RSC Plungers A&slr 7EZA|
rackoll 0.5mL elution tubeE “FZ3st & elution
buffer 100 pL = 7350t 7 2
ste] kS Sk A A4S Qg TR

A1

2.2.3. Real-time PCRE ©] 43t ulo]z|X £4

=3 RNA 5uLE FRlgdutolel s A= 7]
EZ 238939 Adenovirus, Astrovirus,
Rotavirus, Sapovirus J&7]1E(Kogen biotechnology,
Korea), Norovirus X1@7]E (Bioneer, Korea)®ll RNA
S5uLE 77t ¥ & whgollo] 93] 4{o|=5 st
Atk 2 FES 8 AAG 1R FE7)
(7500 Fast Real Time PCR Instrument System;
Applied Biosystems, USA)YE ©]-8-3}%] Adenovirus,
Astrovirus, Rotavirus, Sapoviruse 50°CollA] 30,
95°ColA 108 H2] F 95°C 15%, 55°C 1% 13
2 3l 403] ¥HSA17] L Noroviruse 45°CellA 30
&, 95°CellA 10 Al F 95°C 15%, 56°C 1iEs
13|12 3t 453] WHgAIZl & AIE RIS

2.24. RT-PCRE °]8-@ ujojzjx £4

Enterovirus®} hepatitis A virus 312} 48 9
a4 RT-PCR %PH-S 333]tt. Enteroviruse LiliF
EV VPl RT-PCR ZF&7]E(intron biotechnology,
Korea)S ©]835F] cDNA A2 7]Eo 2uLo
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RNAS%} DEPC-treated waterS 18 uL 3713} 42°C
oA 458, 94°CollA] 5E RESAIZ]ZL 94°C 30%,
55°C 303, 72°ColA] 40% 403] wiEsle] wkg-A)7)
3L 72°CAlA 58 WESAIA T o] HA A2 cDNA
1 uLE 3718k final volume 20 pL7} E =5 3}
FAAS FZAZAT PCR 20 95°CollA 58,
95°Cel|A] 30% denaturation, 55°CellA] 30% annealing,
72°Cel4 40% elongationdH 403] RHE3le] ®ES-
AlZ)AL 72°Co|lA 5% RESAIFTH

Hepatitis A viruse= One-step RT-PCR kit (SNC,
Korea)s AME-ste] 42 &5 st =Zet
olv] G7|-¥-& HAV-1F: GCTCCTCTTTATCAT
GCTATGGATSF HAV-IR: CAGGAAATGTCTCA
GGTACTTTCT, HAV-2F: ATGTTACTACACAAG
TTGGAGATS} HAV-2R: GATCCTCAATTGTTG
TGATAGCT®]t}.

2.2.5. Hlojg ¥4

Real-time PCRS ©|8-3 dlo]g] {412 Applied
Biosystems Real-time PCR System Detection
Software version 145 AME3IITE FEdH, SAEA
< Microsoft Excel& AR&-st] 415kt

nmnz o

20199 EE0l8 FAAEe 72 9 HenAE
CHAMHE Fotetaat A7 =W Al

o] &A7F B 717+ Hlaste] Eol
FAAYAA F22l pH, BE, F3FE4, U
o 3 FIAutely s 8 BAE A FAVE
Table 29} 3¢ %713} T},
Table 2= AN Ald &9 27] AlEE 42
Az 7} FA g Ee] Harsh AL iR F
2738 eI pHE 7.40~8.509] WE Hi
776012 Bt=E HE 037 NTU, H9E 0.0
NTU~1.32 NTU®Ith. fe3idd A& Hee
0.50~3.50 mg/L, B+ 1.61 mg/Le]SAth.

g2 3770 A F 39 Al AEEA
&x N Al S24 A} S36 AlAONA 170
A/100 mL7F AZEE AT gl HAER 271 Al
e BT QFEOT A4ksl= Aol

T
EG, FE2T D 3G B2 AUSRe FA4ul

fo o mx o |
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Table 2. Concentration of quality parameters on guideline items of waterscape facilities in Gyeonggi Province

. ' Turbidity Resid'ual E. coli . ' Turbidity Residl..lal E. coli
Site Location pH (NTU) Chlorine (number/| Site Location pH (NTU) Chlorine (number/
(mg/L) 100 mL) (mg/L) 100 mL)
S1 7.70 0.31 1.44 S19 7.60 0.11 0.80
Goyang
S2 7.80 0.37 1.20 S20 . 7.30 0.09 2.90
Yongin
S3 8.00 0.63 2.14 S21 7.60 0.14 0.61
S4 Paju 8.10 0.08 1.96 S22 7.70 0.11 1.50
S5 7.80 1.32 3.00 S23 Icheon 6.50 0.06 2.70
S6 . 8.10 0.23 1.40 S24 Hanam 7.80 0.58 1
Siheung
S7 7.70 0.27 3.00 S25 7.40 0.26 0.50
S8 Ansan 7.50 0.51 0.60 S26 7.50 0.11 0.90
S9 8.10 1.01 1.20 S27  Seongnam  7.80 0.15 0.48
S10 7.70 0.27 2.90 S28 8.30 0.19 1.40
Hwaseong
S11 8.00 0.95 2.60 S29 8.00 0.10 0.50
S12 7.90 1.09 1.60 S30 Bucheon  7.50 0.29 2.20
S13 7.90 0.83 0.80 S31 8.20 0.74 2.30
S14 7.40 0.11 3.50 S32 7.90 0.76 2.00
S15 Suwon 8.10 0.50 1.20 S33 . 7.70 0.08 0.90
Gimpo
S16 8.50 0.26 1.80 S34 7.70 0.14 1.00
S17 8.20 0.43 1.80 S35 7.50 0.16 1.00
S18 Osan 7.50 0.18 0.90 S36 7.60 0.14 1
S37  Pyeongtack  7.60 0.27
Site pH Turbidity (NTU)  Residual Chlorine (mg/L)  E. coli (number/100 mL)
Mean+SD* Mean+SD Mean+SD Mean+SD
Total 7.76+0.35 0.37+0.32 1.61+0.85 1.00+0.00
Maximum 8.50 1.32 3.50 1
Minimum 7.40 0.06 0.50 0
Permitted limit 5.8~8.6 4 NTU below 0.4~4.0 200 (number/100 mL) below
*meantstandard deviation
H2 7% 5 29 99 AR BE AEEA Iv.n &
et
Table 32> 7€4H 8L7bA] spd7]o IJFTA R 7= EEold 7MY o 27 7R
o] &2} B2 TG T, =Eold FAAA 5 BSR4 B2F 71 o] ke Bl A
Sl el 24zt 53] Argk FEZAE Aol 715 Emold FAAAES] A7t & olFolR AL
pHE 7.11~8.119] HE HE 7480 BHEE H S HERATH
T+ 2.69 NTU, ¥ 9= 0.85~6.08 NTU®| 2t} f2] F 2 AolA ofdelEe] ==ol A s P
ARAE AE B9 043323 mgl, HE 1.27 EAAIAE Fxsh, oJdolEe &50] AlddA
mg/Lo|eh. FEE AL A3} Hie $S2 A 13], HEa el o3 Aok Adaglel dHolE &
SS3 Al 33] 7]E2AAL, WA SS3 A ] B 3ol taL =1, of Ak At o] &
3] /|FzAgc B98 R L FAAElelds 2 goz el Ak A9lE Frkn nwski 9
7E 5 A9y 99 MRS BE AEHA etk th9 olgh BRisle] SN olslety SR
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Table 3. Concentration of quality parameters on guideline items of waterscape facilities in Su-won

Site pH Turbidity (NTU)  Residual Chlorine (mg/L)  E. coli (number/100 mL)
Mean+SD Mean+SD Mean+SD Mean+SD
SS1 7.66+0.24 2.18+1.03 14.20£11.73
SS2 7.69+0.33 2.64+1.36 314.00+607.68
SS3 7.55+0.11 4.28+1.30 72.80+78.59
SS4 7.30+0.03 2.00+1.02 1.46+1.18 4.60+10.28
SSS 7.21+0.16 2.36+0.87 1.07+0.32 6.20+12.25
Average 7.48 2.69 1.27 82.36
Maximum 8.11 6.08 3.23 1,400
Minimum 7.1 0.85 043 0
Permitted limit 5.8~8.6 4 NTU below 0.4~4.0 200 (number/100 mL) below
... Residual E. coli . .. Residual E. coli
Site Time pH Tg\rll,);ggy Chlorine (number/| Site Time pH Tg?;ggy Chlorine (number/
(mg/L) 100 mL) (mg/L) 100 mL)
1 7.39 3.20 25 1 7.31 3.65 0.43 23
2 7.50 2.60 20 2 7.30 1.80 3.23 0
SS1 3 7.94 0.98 23 SS4 3 7.35 1.62 1.12 0
4 7.88 2.94 2 4 7.26 0.85 0.50 0
5 7.58 1.17 5 7.28 2.10 2.04 0
1 7.57 4.94 79 1 7.34 3.64 1.01 28
2 7.42 2.61 1,400 2 7.22 1.18 0.80 3
SS2 3 7.98 1.63 10 SS5 3 7.40 235 1.62 0
4 8.11 247 56 4 7.00 247 0.90 0
5 7.39 1.56 25 5 7.11 2.16 1.00 0
1 7.54 6.08 180
2 7.40 3.18 130
SS3 3 7.53 2.84 42
4 7.55 4.56 0
5 7.72 4.76 12
wey ofUje) MR £A/1F G50 NAE $5 old 574440 BHAIE W pHE SSI-SS3
gAY Wt HARS Fete] A kg Alde] SS4~SS5 A ETE tha =T pHeE =2
TAES Az AR A5 Emol & =5 A3, 71749 AEE Ul ARE dstolv &
3 S LB %, $A09E AAEe] I VA WHEA
A
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A9/100 mL AlAde] 23L0| AR o] 827t e Al
AL OPeE HARE st A3 SS1~SS2 270 Al
AollM= 53] BT AEFEUAL, SS3 AL 43] A
2530}k SS1~8S3 Al BE 9FEAES Sl= A
AR QFEAE B o] glof axe] A&
o] glth=s A& HolFe A#E BT AAERE
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o] A 2337} 36.5°CE HILEE 7153 oH
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=
L
L.
-0

- TR T T L T
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Y27l Bag Zow wadn
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She AAE sS4 AL 43), 885 AL 33 T
ol AEHA Aokth, Gaime BAY TYES
BAROIIL AT 25 P F ShbEH A% 7

kS A 7be] A= AgEo] ety
7F 0.3 mg/L ]’
Jeto] AL, Zt

b
b

o) w) | mLE 10YWl BEe] o
F94 %7 02 mgl ol
dH= AEI, 10 Foll=
S

FE71 0.1 mg/L oY

e
o

érkgé

18] A= %

¢
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