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Abstract

The results of water quality of sixteen waterscape facilities in Busan have shown that these facilities met the water
quality management guidelines of Ministry of Environment: pH between 7.3 and 8.1; turbidity between 0.1 and 2.6 NTU;
average 0.13 mg/L of ammonium-nitrogen; average 2.3 mg/L of nitrate-nitrogen; THM between 0 and 0.083 mg/L; and
almost none residual chlorine. Fecal Strefococcus, Pseudomonas aeruginosa, Salmonella, Shigella and Clostridium
perfringens were all not detected in the water of these facilities. Legionella species was almost ND, but once 200 CFU/L.
The amount of total colony exceeded the drinking water quality standards, and the amount of E.coli met the standard
for waterscape facilities but exceeded the drinking water quality standard in some places. Although the water source of
waterscape facilities is supplied from the tap water and well-managed, it is advisable that the water quality management
guidelines for waterscape facilities follow the drinking water quality standard because of the possibility of children’s drinking
the water.
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Table 1. Waterscape facilities by type (2011 ~ 2013) (Unit : ea)
Year Sum Floor General Artificial Wall Others
Fountains Fountains Streams Fountains
9013 802 570 98 48 43 43
(100 %) (71.1 %) (12.2 %) (6.0 %) (5.4 %) (5.4 %)
9012 720 506 81 51 44 38
(100 %) (70.3 %) (11.3 %) (7.1 %) (6.1 %) (5.3 »)
9011 606 325 175 35 42 29
(100 %) (53.6 %) (28.9 %) (5.8 %) (6.9 %) (4.8 %)
Annual rate
of increase 16 % 38 % V22 % 19 % 1% 24 %
% Others: artificial waterfalls, artificial ponds, complex facilities, etc
Table 2, Guideline items of waterscape facilities
Ttem permitted limit notes
pH 58 ~ 8.6
Turbidity 4 NTU below
E coli 200(number/100mL) below

Legionella spp.

Measurements were made from only the
facilities that exceeded standard for £ Coli

NO3—N

Measurements were made from only the
facilities that do not use tap water

Consumption of KMnOy

Measurements were made from only the
facilities that do not use tap water
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Fig. 1. Structure and hydrological cycle of a floor fountain.

Table 3. Management state of waterscape facilities in operation (2011 ~ 2013) (Unit : ea)
Facilities in Operation
Year Proper Improper Management
Sum Management Sum Exceeding Water =~ Lacking Number of No Water
Quality Standard Water Quality Checks Quality Check
9013 764 588 176 40 105 31
(100 %) (77.0 %) (23.0 %) (5.2 %) (13.7 %) (4.1 %)
9019 691 527 164 42 88 34
(100 %) (76.3 %) (23.7 %) 6.1 %) (12.7 %) (4.9 %)
9011 567 410 157 28 58 71
(100 %) (72.3 %) (27.7 %) (4.9 %) (10.2 %) (12.5 %)
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Fig. 2. Location of the sampling sites.

Table 4. The characteristics of sampling sites described in Fig, 2

Sargi?ﬁlemg Type Raw Water Management Operation Period characteristics
F1 floor. Tap Sasang—gu office Jun ~ Sep
fountain water
floor Tap _ . N Cleans every week
F2 fountain water Dong—gu office Apr Oct Disinfectant injection
F3 floor Tap Nam—gu office Apr ~ Oct Stores water when
fountain water not in operation
floor Tap _ . N .
F4 fountain water Suyeong—gu office Jun Sep Runs automatically
floor Tap . -
F5 fountain water Infrastructure corporation May Sep Create
floor Tap _ . N
F6 fountain water Gangseo—gu office Apr Oct Cleans every week
floor Tap _ . Opening period
F7 fountain water Seo—gu office of beaches
floor Tap _ . Opening period
F8 fountain water Seo—gu office of beaches
floor Tap _ . N
F9 fountain water Saha—gu office Apr Oct
floor Tap . _ . During summer Drains water when
F10 fountain water Kijang—gun Office vacation not in operation
floor Tap . _ . During summer Drains water when
Fl11 fountain water Kijang—gun Office vacation not in operation
F19 floor Ground Dongnae—gu office Jul ~ Aug Stores water when
fountain water not in operation
other Tap Oncheon—cheon During summer
F13 facility water park Management Office vacation Cleans every day
floor Tap City management N Drains water when
Fl4 fountain water Corporation Jul Aug not in operation
F15 floor_ Tap City management Jul ~ Aug Drams water When
fountain water Corporation not in operation
floor Tap - -
F16 fountain water Infrastructure Corporation May Sep Create
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Target species
Legionella spp.
L pneumophila

& ARl F13 Ao A= v
386
630
30

product
Cycle

Oligoneucleotide sequence
F: 5 —AGG GTT GAT AGG TTA AGA GC-3
R: 5 —CCA ACA GCT AGT TGA CAT CG-3
F: 5 —=GGT GAC TGC GGC TGT TAT GG-3
R: 5 —GGC CAA TAG GTC CGC CAA CG-3

C 5 min
C 1 min
C 1 min
C 1 min

o
o
o
o

Condition

95
95
60
72

16S rRNA
mip

Primer set

Table 6. The condition of PCR for Legionella spp.

Table 5. Description of primers used in this study
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Table 7, Concentrations of water quality parameters of waterscape facilities

. KMnO
site o TRRDY e G  Coumption il Rosidua
Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD Mean * SD (me/L)

F1 7.6 £ 0.2 022 + 010010 + 00428 + 1.2 1.2+ 02 )07 0.00
F2 7.7 £ 0.3 043 £ 052002 + 002 1.8 £ 09 09 =06 OJBS 0.20
F3 75 + 0.2 1.58 + 1.09 0,36 + 0.59 1.5 = 0.0 3.6 + 2.2 0.000 0.00
F4 7.7 £ 0.1 091 % 057043 + 0,52 3.1 + 1.5 32 %05 OO0 * 0.00
F5 7.8 £ 0.3 027 + 018007 + 00520 05 1.0 %02 Y5 0.00
F6 7.7 £ 0.2 064 £ 076001 + 00028 + 11 47 =54 OJ8 = 0.00
F7 7.9 + 0.3 034 + 017010 + 016 1.8 + 0.8 1.6 = 0.9 JP7 0.00
F8 7.7 £ 0.4 047 £ 013059 + 083 27 + 03 25 00 OJPAF 0.00
F9 7.8 £ 0.1 037 +£ 017005 + 00435+ 13 1.0=x02 J0 = 0.00
F10 7.9 + 0.1 0.11 + 003001 + 0,01 1.9 + 02 0.6 + 0.1 PG 0.00
F11 8.0 + 0.2 012 + 002001 + 001 2.0 + 0.4 03 + 0.1 {07 0.00
F12 8.0 + 01 022+ 019024 + 041 59 + 6,5 06 + 0.3 0.000 0.00
F13 7.5+ 0.1 045 + 004008 + 010 1,5 + 03 1.3+ 01 UJ = 0.00
F14 74 £ 0.1 049 + 002001 + 001 1.2 + 01 09+ 01 PS5 0.00
F15 74 £ 0.2 011 + 004001 + 00113 02 12x01 %" 0.00
F16 7.6 £ 0.3 0.37 + 0,08 001 + 0,02 1.2 + 0.3 1.2 + 0.3 0,000 0.00

Average 7.7 0.44 0.13 2.3 1.6 0.022 0.00
Max 8.1 2.60 1.18 12.9 8.5 0.083 0.20
Min 7.3 0.10 0.00 0.0 0.3 0.000 0.00

permitted

(Waigﬁslga . 5.8-86 4 below - - - - -

facilitiesg)

permitted

(ot 5.8-85  05below 05 below 10 below 10 below 0.1 below 4.0 below

water)
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Fig. 6. Characterisics of total colonies.
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7 o] &AEC] oot 27t WRF Ao wWerEny”, 9| FHE FAES st 9o, 10° CFU/L o4kl
A el AN W At TIEe e A AEY Aa B ARARE SHeR Sk Q)
2Rk Aldof gl MUE S dHoR shdY] & o a3 AP BEER dehda, E o] 5o
S71A el Aot (d Sy dlldes 10° CFU/L w]gte] 2] @ deht-o ulehis: g2 AMg
dEA A = 38k A2 Bttt 7 o= Hop, & koA
ol AWt Y71 S] YL vieAl 2 o = A2 i Mool S & 4= A
L HGH =oll ARE o] WE oI oo, ARIEA|, B Tk, AR BejA e du el WE 2
7] SollM AR ey Bl 55 3 TEVIE 0 SE Edske E2EAQ v E4E Aofsi, ol 4l
ol AR Foleh A dHA ot & Al A7 A ASshe wwold FAAENAY EE0] 2
A= Table 891 Wepet vRe} o] tiitg Ao A =4 o A AL A= Tk ERE o] Aol HE Al
Zolley, 89 F3 A4 200 CFU/L7F A% 4 A vlaskls o ditAle 2 O f7lE v =
o YTt ol Awwe|RiLo] ¥ x| o Waks we|AH” FAL e F AP =dER YEd d 58 AvE
& AwEy 10° CFU/L vjgko = alebzgt Hejol %3) U= Hrp AA7 Hefr|Eol 28ste] we|stolof &
588 2271 2283 w9l sigEn, o] Aol Ao e et
w2 240 49 o 13 1719 AAE AAkste{of 8t 2 9] Flidde Hetes AYshale AN
# 10° CFU/L o149] #xjedehad A& sigAd @ 2 AaA Axe dxe WA g gzt sbagd s

Table 8. Concentrations of water quality parameters on microorganisms

Site Total colonies E. coli Leijgg‘ella _SEE%Z%IOS nggggﬁggzs Salmonella Shigella géi?]tg]gg]g
F1 260 ~ 8,200 0~ 23 ND ND ND ND ND ND
F2 0 ~ 230 0 ND ND ND ND ND ND
F3 3,600 ~ 13,000 0 ~ 11 0~200 ND ND ND ND ND
F4 35 ~ 3,300 0 ND ND ND ND ND ND
F5 180 ~ 5,100 0 ND ND ND ND ND ND
F6 0 ~ 4,400 0 ND ND ND ND ND ND
F7 210 ~ 2,800 0~ 23 ND ND ND ND ND ND
F8 0 ~ 5,400 0 ND ND ND ND ND ND
F9 30 ~ 570 0 ND ND ND ND ND ND
F10 9 ~ 35 0 ND ND ND ND ND ND
F11 5 ~ 25 0 ND ND ND ND ND ND
F12 100 ~ 450 0 ND ND ND ND ND ND
F13 80 ~ 240 0 ND ND ND ND ND ND
F14 0~ 20 0 ND ND ND ND ND ND
F15 0~ 30 0 ND ND ND ND ND ND
F16 2,300 0~ 4 ND ND ND ND ND ND

. 100 CFU/mL 200/100 mL ND/50 mL

pe{irinn‘ic‘tued (Drinking (waterscape - ND/250 mL(bottled water) (bottled

water) facilities) water)
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