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Distribution of Antibiotic Resistant Escherichia coli
and Water Quality in Waterscape Facilities
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ABSTRACT

Objective: This study was performed in order to investigate the distribution of antibiotic resistant E. coli and
water quality in waterscape facilities.

Methods: Nine waterscape facilities were selected and classified into three types: ground, wall and general
fountain. The items analyzed in this study were pH, turbidity, KMnQO, consumption, total colony, total coliforms,
fecal coliforms and E. coli. Additionally, an antibiotic resistance test on E. coli was performed.

Results: There were no sampling sites that exceeded the permitted limits of water quality, but the concentration
of pollutants was high at the beginning operation in June. Moreover, concentration of turbidity, KMnO,
consumption and total colony were higher in ground fountains than in wall and general fountains. Five species
of antibiotic resistant E. coli were detected from three sampling sites.

Conclusions: The waterscape facilities were significantly contaminated with water microorganisms, especially
total colony, total coliforms and fecal coliforms. Disinfection and filtration systems to remove pollutants should
be installed for safe waterscape facilities.
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Table 1. Information of waterscape facilities selected for this study

Time of operation

Site Type Raw water Management (per day)

F1 Ground fountain Tap water Private agency 10:00~18:00

F2 Ground fountain Tap water Local government 12:00~18:00

F3 Ground fountain Tap water Local government gggj?gg

F4 Ground fountain Tap water Private agency (0?1?;08\2681223 d)

F5 Ground fountain Tap water Private agency 10:00~18:00

F6 Wall fountain Ground water Local government unfixed

F7 Wall fountain Tap water Local government 12:00~14:00

F8 General fountain Tap water Local government unfixed

F9 General fountain Tap water Private agency unfixed

2. EMEE H EMYUY 7} b2 olFPAINE AREEIM Eds RS 500 w7t
BAEES TE50y F£4Ad a3 AR, Eoi%= 3Fke] Eppendorf tubedl] EobA HHEF

TRl Fholess, B, tidwr, AL, 3 FolA & ZTEF Vortexing 3 F 8BE EollA 5
R A B ohet A 9] FEoR (T 7 SR $ 14,000 pmell A 327 A4S
2y, FNGE, AN GTF S A e) % =94 Colony pooling PCR template DNAZ
AT} i, TG, BAAEAE TS FHEL A8-81 T}, Primer Mixture 15 ploll Pooling colony
HEAHAIG 710 mEt Z7F A e L 9] & template DNA 5 ulE ¥< % PCR &7 (GeNet Bio
Eo HEEFAFAYAIE E e uet E5H3 Tt A} Pathogenic E.coli Detection Kits) UDG reaction
pHE dA0AM 2430 oH, FdA14HS o83} 50°C 3% 1cycle, Pre-denaturation 95°C 10
of AH & AlFEE= 4°C otz WA vkt Denaturation 95°C 30% Annealing 60°C 20%

g
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Table 2. Concentration of water quality parameters on guideline items of waterscape facilities

n Turbidity NO;-N KMnO, cunsumption
Site P (NTU) (mg/L) (mg/L)
Mean+SD Mean+SD Mean+SD Mean+SD
F1 7.810.1 0.44+0.23 1.310.0 1.1£0.9
F2 7.810.4 2.68+1.09 1.2+0.5 3.5+34
F3 72+0.2 1.89+0.46 1.71£0.2 3.7+£0.5
F4 7.3+£0.1 3.23+0.17 1.7£0.1 6.4+0.8
F5 7.6%0.1 2.29+0.98 1.6+0.3 1.2£1.3
Fo6 7.0+£0.2 0.19£0.17 1.9£0.1 0.5£0.3
F7 7.6+0.2 0.4610.17 1.210.1 1.5+1.3
F8 7.5+0.4 0.51+£0.34 1.2+0.1 1.0+0.5
F9 7.7£0.2 1.47+1.37 1.2+0.2 1.2+0.9
Average 7.5 1.44 1.5 24
Maximum 8.3 3.93 2.0 8.1
Minimum 6.8 0.02 0.6 0.3
Permitted limit" 5.8~8.6 4below - -
Note. means the standard for drinking water
(cru/ Total colony Turbidity KMnO,
m) (NTU) ti
7,000 2.50 (mg/) cunsumption
3.5
6,000
2.00 3.0
5,000
1.50 23
4,000 20
3,000 1.00 15
2,000 1.0
0.50
1,000 0.5
0 0.00 0.0
Ground Wall General Ground Wall General Ground Wall  General

fountain fountain fountain

fountain fountain fountain

fountain fountain fountain

Fig. 1. Results of water quality parameters on three types of waterscape facilities.
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Table 3. Concentrations of water quality parameters on microorganism items of waterscape facilities
Total colony Total coliforms Fecal coliforms E. coli
Site (CFU"/mL) (number/100 mL) (number/100 mL) (number/100 mL)
Mean+SD Range Mean+SD Range MeantSD  Range MeantSD  Range
F1 2,600+1,400 1,500~4,400 640670 100~1,500 161 0~62 0£1 0~1
F2 8,600£5,500 550~12,000 3,400£2,400 1,200~5,800 1831 0~40 0 0
F3 2,200+860 1,300~3,000 1,500%+1,500 500~3,300 8+18 0~21 242 0~3
F4 9,800+3,200 7,500~12,000 15,000+700 14,000~15,000 0x11 0~1 0 0
F5 7,500£6,100 2,000~14,000 6,600+£7,500 2,500~20,000 73%1 8~210 616 1~13
Fé6 490+ 620 110~1,400 1,100£670 140~2,200 9+36 0~15 0 0
F7 2,400+£2,700 540~5,500 1,200£1,200  140~2,500 147 0~15 0 0
F8 3,4004+3,000 600~7,800 8,000+17,000 120~39,000 15£25 0~40 2+1 1~3
F9 3,300+4,400 320~12,000 2,600+£3,200 320~8,700 11£15 0~50 0 0
Average 4,500 4,400 18 1
Maximum 14,000 39,000 210 13
Minimum 110 100 0 0
Note. ", Colony Forming Unit
Turbidity Total colony
o
4.00 !
350 12,000
3.00 10,000
2.50 8,000
2.00
6,000
1.50
1.00 4,000
0.50 2,000
0.00 0
June July August September June July August September
Total coliforms Fecal coliforms
(number/ (number/
oo Lo
12,000 80
10,000 70
60
8,000 50
6,000 40
4,000 30
20
2,000 10
0 0
June July August September June July August  September
Fig. 2. Monthly trend of mean concentration of water quality parameters on waterscape facilities.
AN Fol AEHAT. N (E. coli)o] A 3. E50/8 =AY BRYE =3
248 AP HKHem AE A= Hdl 13 AA Fig. 19M= E=0l8 +4A1d /72 Uik,
$/100 mL 3t} g, FPMHEFLHFRS A sEE BT
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Table 4. Results of antibiotic resistant test on E. coli
isolated from waterscape facilities

E. coli Antibiotic
Site  isolated resistant E. coli Antibiotics
(number) (number)
F1 - - -
F2 - - -
I 3 | . Am.py:l.llm and
Ampicillin/Sulbactam
F4 - - -
F5 5 1 o Ampicillin
F6 - - -
F7 - - -
o Cefalotin
o Tetracycline
F8 5 3 o Tetracycline and
o Tetracycline/
sulfamethoxazole
F9 - - -
o Ampicillin
o Ampicillin/Sulbactam
Total 13 5 o Cefalotin

o Tetracycline
o Tetracycline/
o sulfamethoxazole

Ak YR oA mlehEE HAS 6,100
CFU/mL, B¥% %4 1,400 CFU/mL, YHHES: 3,400
CFU/mMLE vl 57t Akt oul), SR
ol wla) oF 4u) =Tk B Ht FEoAM = Bl
SES 21INTU, HAES 032NTU, dikEs
0.99NTU 2 wfebE7F BxdEro] vls] ok 7a
=3tk AR AEE A A viEE S 32
mg/L, 94 1.0 mg/L, Y9 1.1 mg/LE v}
chErellA oF 3n) =2 AFE HIth

4 HE HiEHERel $

o

£ 7Fex719) 69 HiEE7) 3.54 NTUR A<l
9¢ 1.45 NTUel s <F 2.5u] =3k} wAE &
5L AuEy dulAF 68 BisEE 12,000 CFU/
mLZ A< 7€ 4,600 CFU/mMLS] °F 38}, Fthg
a4 69 HAFEE 13,000 75/100mLE H#
99 1,600 <-/100mLe] °F 8ull, A J N+t 6
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