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Abstract

This study investigated water quality characteristics and influencing factors of park drinking fountains having
directly piped water systems by analyzing stagnation water (first draw) and water after a 10-minute flush
(flushed water). First draws exhibited significant variations in residual chlorine, heavy metals, bacteria, and
turbidity, which were largely influenced by usage frequency and external environmental contamination.
However, water quality stabilized after flushing. A seasonal analysis indicated that the greatest difference in
residual chlorine between first draws and flushed water occurred in spring, followed by that in winter when
drinking fountains were discontinued, accompanied by increased zinc concentrations in stagnation water. A
comparative analysis of water quality variability by faucet type revealed that push-button faucets exhibited
greater variabilities in copper, zinc, and nickel levels than screw-down faucets, likely due to corrosive
by-products generated from water hammer effects. Additionally, an analysis based on exterior material
indicated that metal fountains experienced higher temperature increases and elevated zinc concentrations in
first draws than stone fountains. Regarding installation environments, drinking fountains exposed to direct
sunlight or partial shade had higher concentrations of copper, zinc, and nickel in first draws than those
installed in constant shade. Overall, these findings suggest that frequent use or flushing can help maintain
stable water quality with the exception of push-button faucets.
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1. Introduction
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Table 1. Classification of park drinking fountains in city A based on installation and park establishment year

Grou Age of Installation year of the drinking | Number and locations of | Seasonal variation survey
P the parks fountains drinking fountains sites
A Less than 5 years 4 (A-1~4) A-1, A-3, A4
Less than 10 years
B 6~10 years 5 (B-1~95) B-1, B4
C Less than 5 years 4 (C-1~4) -
D 10~25 years 6~10 years 1 (D-1) -
E More than 10 years 12 (E-1~12) E-5, E-6, E-10
F Less than 5 years 12 (F-1~12) F-1, F-3, F-8, F-12, F-13
G More than 25 years 6~10 years 5 (G-1~5) G-3
H More than 10 years 3 (H-1~3) H-4
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Table 2. Temperature and precipitation data during sampling
periods across different seasons

Season Spring Summer Autumn
Minimum temperature (°C) 10.29 23.24 21.14
Average temperature (°C) 16.12 25.84 2428
Maximum temperature (°C) 22.03 29.56 28.06
Diurnal range (°C) 11.74 6.32 6.92
Daily average precipitation 0.8 2168 318
(mm)
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3. Results and Discussion
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Table 3. Water quality parameters affected by distribution
pipes and sanitary fixtures

Water quality analysis parameters

Classification RO
(detection limit)

Microbiological Total colony counts, Total coliforms,
3) Fecal coliforms

Health-related
inorganic
substances (4)

Lead (0.001 mg/L), Chromium (0.001 mg/L),
Cadmium (0.0005 mg/L),
Ammonia nitrogen (0.02 mg/L)

Disinfectants and
disinfection
by-products (2)

Free residual chlorine (0.02 mg/L), Total
trihalomethanes (0.003 mg/L)

Permanganate consumption (0.3 mg/L),
Copper (0.001 mg/L), pH, Zinc (0.001 mg/L),
Chloride (0.4 mg/L), Iron (0.003 mg/L),
Manganese (0.0005 mg/L), Turbidity (0.02
NTU), Aluminum (0.002 mg/L)

Nickel (0.00044 mg/L), water temperature

Aesthetic
parameters (9)

Others (2)
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Table 4. Characteristics of drinking fountains in city A’s parks: Faucet type, height, exterior material, and installation location

Faucet type (%) Faucet installation height(%) External material(%) Installation location(%o)
All screw-down types 65.2 Less than 0.5 m 15.2 Stone 39.1 Full sun 71.7
All push button types 6.5 0.5 m~1.0 m 59.8 Metals 58.7 Partial shade 26.1
Mixed screw-down and | 0 3| Ve than 10 m 25.0 Others 22 Shade 22
Push button types
ATFdY oY F5@ AL 109 vw vl
312 S+M HE U=E Bie 32.6%2 B71% Al AA Q) 23.6%ETH o F5B A
#E AL H =R PACR QS £RE FE 9T e gou%rt 2EQ 2 AR AA 2% fF A
& & F AHYu, Park, Kim et al., 2008). & A4 = o7} 9tk AT UA &5Ule YR NHS B2 AN
FUo Jd2" FEHZY) AXEE 9 AE dAFS S5 T 32 QAo s ARE Ax] Eaga o= JEw B
T 2 FFHo] £ WA e IS HPH R dgd k=t
F AL B ATY AHE Ak AGe R HE hsEE
wdsty] 98 71 W 2870 A9 wisd 9 358 AR 32 S0 & &
A A7 WY U B2 FEE FUIE vlwEth 321 2& 7|Z %A}
7% 2870 A9 &2 AE(ME, 2022)2 AA #2AF ZYzA B o%h AAEES} 4F oHE 2 47 A
Ml 5 AR10d B9 2 A2 FFHE AG WU VT 20 39 o4y ) AFe HPOE G2 HFL AT )
REAZ ehhglaL, A7 Y 2= dg2 a7 Wd A 222 AXEETE AAE, AR a8 a A5EFAA A
A B2 T A4(10d FER WSS WIAR g 2x Ane nmse] SrHE TR W - F5H
UEHH AT (Table 5). AAl S50 i@ 20d o]d9] 4 AA 718 odelRE 2AAT. 2A} AF RE A A
40l 69.5%% 71w AAQSAD =FH V&R 313% oy BPzAY WA} gl FRL AYHT, 3 W
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Table 5. Status of distribution and service pipes in Gyeonggi province (28 cities) and study sites (unit: %)

Total More than 30 years 30 years~ 20 years 20 years~ 10 years Less than 10 years
Distribution Service  |Distribution| Service |Distribution| Service |Distribution| Service |Distribution| Service
pipe pipe pipe pipe pipe pipe pipe pipe pipe pipe
Gla|G|lAl|G|lA|G|A|G|A|G|A|G|A|G|A|G|A|G]|A
Total 100 | 100 | 100 | 100 | 9.7 | 39.1 | 21.8 | 10.9 | 22.5 | 30.4 | 21.8 | 4.4 | 443 | 8.7 |32.8]26.0|23.5|21.8|23.6|326
Enamel coated | /o o el L Too| - l24 ] - Joo| - |1s] - ool - |os| - oo -
steel Pipe
Liquid epoxy
coated steel | 5.1 | - |04 ] - |01| - |00| - |06| - |00]| - |26] - 03| - |19] - 00| -
pipe
Cast iron pipe| 69 | 22 | 04 | 22 | 1522 |01 | - |26 - |01 22|27 | - |01 | - |02 - |02] -
D“°Ei1;e“°“ 4180912129 | 22 511369 1.1 | - |133304| 08| - |145]|87 | 05| 22|89 |152] 04| -
PVCopipe | 75| - | 41| - |01| - |06 | - |11 | - [02] - |51 | - 29| - [13] - |04 -
Impact-resistant) ) 2 1 55 1 sg | . 07| - |01 | - |os| - |oo| - |120] - | 28| - | 872228/ -
water pipe
PE pipe 43 122106 - 02| - 00| - | 12| - [04] - |16]| - 00| - |14]22]02] -
Galvanized - o3| - o3| - - oo | - - ool - - ool -
steel pipe
Copper pipe - 0.3 - - 0.3 - - 0.0 - - 0.0 - - 0.0 -
Stainless steel - g0 ¥ - 1179109 - 1191 22 - 1253238 - 11951326
pipe (19.6%)
Others 52| - |32]65%]03] - |13 - 09| - [11| - |33] - ]07| - |07]|22]00] -

G: Gyeonggi Province (28 cities), A: study site, * Installation year unknown, ** Type

I SHFEEX| H40H HSE, 2024

of pipe and installation year unknown
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Table 6. Comparison of water quality between first draws and flushed water with water supplied from treatment plant
Free Total Permancanate
residual pH Turbidity | THMs Al Mn Fe Cu Zn Ni colony consumgption
chlorine (NTU) | (mglL) | (mgl) | (mgLl) | (mg/L) | (mgLl) | (mgL) | (mgL) | counts (mg/L)
(mg/L) (CFU/mL)

First | Max 0.78 742 0.30 0.043 0.02 0.019 | 0.10 0.014 | 0378 | 0.002 110 2.7
draws | Min. 0.04 7.15 0.00 0.013 N.D. N.D. N.D. N.D. 0.003 N.D. N.D. 1.4
Flushed | Max|  0.78 736 0.02 0024 | 003 | ND. | ND. | ND. | 0011 | ND. | ND. 26
water | Min. 0.52 7.18 0.00 0.013 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1.5
Water quality
of the water

0.86~0.88 0.02~0.04 | 0.012 N.D. N.D. 1.6~1.7
treatment plant | 70| 74~ 76| 0.06~0.09)| ~0.012 [0~0.04) NP | NP ND- o o0y NP | NP 500
(Reservoir water
quality)
Water quality 0.07

standards 0.1~4 |58~85 0.5 0.100 0.2 0.05 0.3 3 (WHO) 100 10
3.2 T =& &8 0.80 mg/L7HA] &3 F e, AF4FE A 0.09 mg/LolA
AA] lﬂ A 4678 4 Sl i A 2 102 B Hdl 133 mgL WHZ Uebkth

3 5% 2O ARE Table 79 20 F5B A8 4% B AAYE 2 850 44 YEE 8L ol
dAgel mek sZo] Wttt 71E AFZI(Yu, Park, (Table 1) 8% 5= vad 23 109 oW, 50 4
Kim et al., 2008)E vlgoZ ¥ 2HEE 2 S5 43 2 53 o]Ulol A I1EA B~H I2HT ofdd 3 =%
dEel weh £4 Aol7t 9 Aelehs 8L Afod,  AR@Fie @) 2 FFRFie 10)] B4 dead. ol
ATt oG BFAA ZUdRE 2 5 AAdES = AFE U FXES SR dFdA =5HBNA FF
o fenE gBe HAT & ggd % BE7b BUTHE 71E ATNIER, 20169 G A%,
FEEY pH, F40]2, ML FE 2HFS T4 FY STUe AZ2FFoldA AFE v& F=Y dolrt &
S 502 QF 09 WG ¢ Uk ARl £ AT & 570] drke A% A8 Ww} 3 BA) A7 o
o4 galdlAE e BAL waAEA gt F017 29 A 72ke] Ao o] AU Aoz 28
229 ARALE 74 HPAL 99 B Gad Ao o ®d AF S50e 2dH S4Ue dE FEER
2 Aol FEEAAY AFAIL 9 Fo8F HE5Y BH oF AZE Qs 2 ZFo dFS v A=
Folgh 2% 4 U & 59 Aoz A vEAF YA weHAt
TH(Choi et al., 2016). Table 73+ Zo] AT 4 ol FA =5UY AEE EUHY Z3E= Fig 2, Fig. 33 2ol A}
F, A3 59 ARGE BEE Ak 004 mylelA Fu EA57 BAE 92 2dzz GeiQT A8 NET G
Table 7. Water quality analysis of first draws and flushed water from 46 park drinking fountains in city A
Free
residual }Z iﬁer L | Tub | THMs| €l |KMnO;| B | Al | Mn | Fe | Cu | Zn | Pb | Ni
chlorine | 5™ | P (NTU) | g/l | (mefl) | (mg/L) | (merL) |(mg/L) (mg/L) | (mefL) | (me/L) | (mglL) | (me/t) | (gL
(mg/L)
Mean | 042 | 183 | 73 | 012 | 0025 | 241 | 1.7 | 0012 0040/ 0.001 | 0.019 | 0.005 | 0.036 | 0.000 | 0.002
Median | 046 | 185 | 73 | 000 | 0023 | 236 | 17 | 0012 [0.035 ]| 0.001 | 0.000 | 0.004 | 0.013 | 0.000 | 0.001
Fist | Min. | 004 | 94 | 70 | 000 | 0013 | 200 | 1.0 | 0009 |0.010] 0.000 | 0.000 | 0.001 | 0.001 | 0.000 | 0.001
draws | nMax | 080 | 283 | 77 | 345 | 0043 | 284 | 27 | 0015 [0.077] 0.019 | 0.114 | 0.015 | 0378 | 0.003 | 0.008
Si?:zfi 023 | 45 | 02 | 051 [ 0007 | 27 | 03 | 0001 |0.016 | 0.003 | 0.033 | 0.004 | 0.069 | 0.001 | 0.002
Mean | 0.66 | 162 | 74 | 001 | 0023 | 242 | 1.6 | 0.012 |0.045 | 0.001 | 0.007 | 0.002 | 0.003 | 0.000 | 0.001
Median | 0.67 | 151 | 7.4 | 000 | 0022 | 232 | 17 | 0012 |0.040| 0.000 | 0.000 | 0.001 | 0.002 | 0.000 | 0.001
Flushed| Min. | 009 | 88 | 7.0 | 000 | 0013 | 193 | 05 | 0.008 |0.023| 0.000 | 0.000 | 0.001 | 0.001 | 0.000 | 0.001
water | Max | 133 | 250 | 7.8 | 009 | 0.039 | 284 | 2.6 | 0.014 |0.091| 0.002 | 0.090 | 0.004 | 0.017 | 0.000 | 0.003
Sz'::zfi 019 | 42 | 02 | 002 | 0006 | 27 | 04 | 0001 [0.018| 0.001 | 0.021 | 0.001 | 0.004 | 0.000 | 0.000
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Fig. 1. Heavy metal concentrations in drinking fountains by park and fountain installation year (a) Mean, (b) Median.
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Haole, FYLE v sEHS = AT 3
F7t vl Fds BAth 23 7hed FEMALE &
H Z((Fig. 3())9 FF#%2 42 1.8 mg/Lg 1.6 mgLElTh
v e A2 7&% 7 ZRA gl e BAFt A
BT 26 mgLE g UMt ole dedsrd 9%
S B Aoz HIIFEATHYu, Park, Ahn et al., 2008).

8559 3¢ “dt%*ﬂﬂ =2 iﬂrol A2 e o
2 AT 1+ 5%
3 83 E A}%o}t %l%ﬂl“ Ee 7

E2 oF, 7Feo] gEEY =itk A

23 71 47 0.063 mg/L, 0.061 mg/LH
£ 0.061 mg/L} 0.054 mg/LZ ¥ $31AY <zt
Eoth ol A FoT 4TS T2 Ao2 B

71E FRE 38 AT BE2W AME W=7} wol FA

717ro] 2 A A, AFxd FEHA A ofd 57t A
A F71ets Aol F2FAtHLee et al., 2014, Yu, Park,
Kim et al,, 2008). &5 +2& A £ AFdAME &,
qE, 7H&9 Zéxﬂ-r 2= 247} 0.003~ 0.378 mg/L, 0.003
~0.065 mg/L, 0.003~0.070 mg/L & 5 £ Feoz
3 ol el F&7F S/t B3 (Seo et al., 1998) A

2, & dFdME AL < 7T AR HA g2
B2 7M w2 ofd &7 FAHAD TFE Sl
T ol = Wsprt 7 FEEAT A AEdE
ol =& 0.000~0.010 mg/L(%), 0.000~0.011 mg/L(¢]
), 0.000~0.008 mg/L(7FHE A AHAAN ot FEIF T
i HstE A gt 71E TN E FEEY ofd2
OFAEZ TN FE fHE ALZ BIuHIOY, AFE
W FEH olAdT=ZH AMEol 19949 H HH R FA
HAL H - FFE A HE FAE oy o=
& AAE AA S A Sk HIEC] FES] Aasta Q)
th AAlY] A% otdEZHEo] g5 AZ wisd 9 358
9] 22%°) EFZ thTable 5). ofAL 2EQlE] 2~ o] SHS
¥t g 2 59 FHE FEEF Bol AEEHY
olZ gl &&FH+= Aow AkHATH(Lee et al, 2017).

Ao A Fig. 3(1), dEHole BE AFANA FAS, 3
Tt AESHA ARl TFeEoe FAF 0.000~
0.075 mg/L, A3 0.000~0.004 mg/LE AE3A F29

2 o B rz

o)

=
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Fig. 2. Seasonal variations in (a) residual chlorine levels and (b) differences in residual chlorine levels: first draws and flushed water
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g4e EE Btk 28y BEde ZAS 0.000~0.114 CFU/mLE <Rt 2#3th ojf ARALE EFRZOIUX

mgLE 71 2 SEE IS 108 F &5 T F A AZSYS Aol diAFe BHE, IREAE

A7 0.000~0.066 mg/L 2 A& &G S5 AL £ 0.16 mg/LE F7I8tAth ol 77 2 252 I

& NE7E GEFE FAAT oA d = SteE F20] 276 T2 ZFILI mE £52 FASHPT 97

Aol A& AAMGTh 29%E nHFHGT Bt e 4dg FY] A FEEA
P2HFig. 3(h)S HeEFA7IFE 03 mglL2 43 d o AFA A sEREE FUtE AT

QoY FEEY FAFE 0.05 mgLE 95 23 o o] & T2 XHAME AT} FHF BFNA dutA

o = FF AL FEE F5 A FFANA A o] BH&HAY

A€ hBae et al., 2014). IFE BEAZNAY AEFA #

29 sEHSoY 53 H4 AH FA Sl e E3te] 0.019 SO 3 AHEHOIK}

mg/LE O]FXE HATh H4 AFES T2 AQ e 3.3.1 —’F_'.=_1—'.1XI El Fst

58 Aol 2HRIFEAIYE AT 2 F5F APl § FEEAS IS BB JiE AL B u RS AR V)

EY FEAS AMESL Ao ALH AHEFA Vs To A2 dFS E 5 Uth(Lahloy, 2003). 23 FTh

SF FH Tl A

o] A BIHFAAME
A RUEHAA YA Fig 3()S 2 2ot

A ATl A 0.000~0.008 mg/LE

L=~ ]
= 25 B7

ZAL 9 A XA A BA R A B
=52 Lk
AAZAL 9D AFE AN SHEEE, £E9Y ddd
T2 AT AFHF BFoA EREHIATE A4 AF 9
A
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we
AL, Aol A
Bl

A=
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Fig. 4. Comparison of heavy metal concentrations in first draws by
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1 THFarh et al., 2023).

Table 8. Zinc and nickel concentrations in first draws by sampling protocols, analyzed by faucet type

sample volume including extra faucets.

=
F(screw down) BFYL AA3] ¢HES 2o Faks WO

EHEHA 2 FAZE A E A8 ke 2ol th(Hall, 1970). ¥HH,
2%7F F4 o E(push-button) B F Aoke g4 ALH oY

535 2arge 34 ve) 22 AgsE b Qo] MEd ¥
Y &, 2E, ItEES A 2 Fo] FFA T B 520] A5 MA] - 2T o] Hl
AR B AL B0 AXE ol itk oAd £4d
A AEgol YAY 40 Y FHANE WP (Lee
and Choi, 2002) A5 A&t # Rt IS & £

Zomgl) | Nimel) Zomgl) | Nimel)
Site Extra faucets
Sampling volume- 2 L Sampling volume — 250 mL
A-l-a 0.061 0.098
A-1 0.027 0.003
A-1-b 0.050 0.160
A-4-a 0.121 0.144
A-4 0.031 0.000
A-4-b 0.078 0.036
F-3 0.070 0.002 F-3-a 0.205 0.017

2B EASS|X| H40H HISS, 2024
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A Bhgol A H o] AT FEHAY dFS £ 4
s Al BUEHP S AR 157] A A& 9 5
ol A gAFe AegFe 71E 2L ol 22 AMEA 4
g7 250 mLE St SFES AU o8 eFH B
A A Z23et vlas] ESkrhFig. 4).

Fig. 491X w2 55 559 A0lE Hole A-l, A4,
F-3 A2 25 FHAHY s=8A%e 358e 7ML 9
AL A AH Ae ZREZ BE ofdH YA 5= ¥

W&t =H(Table 8) AL H&& 71& 0.027~0.070 mg/L
=X 250 mL ATHE @ 0.050~0.205 mg/LE 2.3~
E4%~0.003 mg/Lol %}
0.017~0.160 mg/L E=2 &
ztol7k Wtk ol ATIFIE R dFS HRITH(Yu,
Park, Ahn et al., 2008)& 71& A< A7) 2% S

o $EIA FHI FAF £40 2 9FL VAT B

B7}st7
EUEE 157] A& ddes £S5 &
FEEAEE 2 L, 250 mL A&
A st s5d ZAFY F, ofd, UA v&
CFERA 9 tE JEAAE wiAS] A& A
AT AL 22 ZANA wsY Tk 2L A
FE&FAA= 7, AL 2 &7t fldloy ofd HH 3k
71% FHEYo] 0.1061 mg/LE 23AFTE B 0.0183
mg/LETh 5.8 E=A JErsith 250 mL AFE&FdAe F
AeYe]l 2afzoe BHYETD T8 FFE5E7F 00115
mg/LZ 4.78] =3 ofd2 0.0821 mg/LZE 7.34H, YA
0.0414 mg/LE 34.18) =kch
FEEA A #d WsE FES] 93 okd v=7F &
A #ZE 4 AQT dE2LLZ AHEol A9 gle BAIY
2370 B FEEAV AXE S5 1] AR (Fig.
5(a), Screw down 1)& At 23 Fohe 172 &
Qo R BUEY 5 IRALF AEHA U &

AANA 250 mL AT EFLE £ SFHE AEFSY
AFE4, d, 749, ok, Ud 2 v Eg 25kt

237G 1IAFANA 27 FAF 5= T 0118
mg/L, ok 0.419 mg/L, UA 0.009 mg/LoIth °o] &
T4 W&ol 750 mLol °]23& u) T2 0.010 mg/L of
A 0.057 mg/L, &, YA BHEZ A5 dopxith. 23
Fo2 22" (Fig. 5(b)Yd %71 FAF =& T 0.003
mg/L, ot 0.021 mg/L, YA 0.002 mg/LH L™ F4 wi&
ZF 500 mLolA 72 0.001 mg/L, o} 0.007 mg/L YA
EAEE Ugy 23 Foe 1(AFAH A E A5
Hog &7t Zastarh

W, FAHE 1, 2, 3XF 2 7] BAF o)F dAF 2
2 =7t SVkste Aol AVIEA 2 WHEA
(fluctuations)©] YT FH¥E 1A (Fig. 5(c)= %71
T2 0.034 mgL, °otd 0316 mgL =N ¥4 w&Z
500 mL A FlA T2 0.036 mg/L, o}d 0406 mg/LE &
7T A Zastda 2A-Fig. 5e)S 2 0.013
mg/L, 72 0.008 mg/L, o} 0.044 mg/L, UZ 0.104 mg/L
ANA HAR oAt 74 wEF 3,500 mL A F A T
0.012 mg/lL, ol 0.049 mgLZ Z7Fl3, +4 W&
9,750 mLolA Zeo] 0.030 mgLZE E718 8t BAl B
Eipi=g

FHHE 324 (Fig. 5(e))< 4% & 0.07 mg/L, 72 0.031,
ot 0.280, UA 0.102 mg/L 271EENA Fxt Z2AE B
olti7} 3 &% 9,750 mLolA & 0.10 mg/L, T2 0.023
mg/L, o} 0402 mg/LZ F33h= T1ke] et

oj¢} o], FAHE BYS 2AFTHE EFYl HlE +2
o] gFFHolR gkom WEgo|l A7) Fio] FEFHL
et ole FAHE SEHRAZ AT 4
3 @y BAZ B8E T8 FAAEC] W
a3k

Fig. 5(N9 4wt 2%, ZAFAA FFRALTT HE
H2 g x2AdA 23AFT EBYY 27] dubAd2

Table 9. Copper, zinc, and nickel concentrations in stagnation water by faucet type and sampling volume

2L volume Screw down type Push button type
(unit : mg/L) Cu Zn Ni Cu Zn Ni
Mean 0.0049 0.0183 0.0018 0.0064 0.1061 0.0011
Median 0.0034 0.0082 0.0012 0.0062 0.0315 0.0016
Max 0.0148 0.0842 0.0082 0.0130 0.2760 0.0017
Min. 0.0000 0.0014 0.0000 0.0000 0.0107 0.0000
Standard deviation 0.0040 0.0232 0.0020 0.0065 0.1476 0.0010
250mL volume Screw down type Push button type
(unit : mg/L) Cu Zn Ni Cu Zn Ni
Mean 0.0024 0.0113 0.0012 0.0115 0.0821 0.0414
Median 0.0024 0.0066 0.0000 0.0116 0.0369 0.0119
Max 0.0041 0.0323 0.0034 0.0213 0.3777 0.1605
Min. 0.0013 0.0030 0.0000 0.0020 0.0101 0.0000
Standard deviation 0.0009 0.0053 0.0008 0.0066 0.1097 0.0587
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Fig. 5. Concentration change by cumulative flow and faucet type (a) Screw down 1,
(d) Push button 2, (e) Push button 3, (f) Total colony counts.
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(b) Screw down 2, (c) Push button 1,

oA otde FE7F #4W 7€ AT ZAIH(Yu, Park, Kim
et al,, 2008)% AA] S5 ZAF A3} AF S5 BA S
F4o] Ur&'}ﬂ A& 1A, A 34 oyl F71= Ul
& o= 1§ 30 AT B
T TEs H]JJ-O}OE‘D]-(Table 10).
BAT BAARFE vnsty] ¢s)
T2 250 mLE st e I AT} Table 103 2T 1#
302 &5 F, P 22 100% AAFJeH, FH=
0.001~0.120 mg/Le FAF7F 0.000~0.028 mg/LE HA
42,5904 A 100% 4= ATk £, ot F9 0.013~

T olF
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Table 10. Water quality of first draws and flushed water from drinking fountains installed within the last 3 years in Gyeonggi

province
Mn Fe Cu Zn Ni

First | Flushed |Reduction| First | Flushed [Reduction| First |Flushed|Reduction| First |Flushed |Reduction| First | Flushed | Reduction

flows | water rate | flows | water rate | flows | water rate flows | water rate | flows | water rate

(mgL)| (mgl) | (%) |(mgl)| (mgl) | (%) |(mgLl)|(mgl)| (%) |@mgLl)| (mgl)| (%) |(mgl)| (mgl)| (%)
Max. | 0.007 0.031 0.120 | 0.028 100 0.841 | 0.090 | 97.6 | 0.373 | 0.007 100
Mean | 0.002 | 0.000 100 | 0.006 | 0.000 100 | 0.032 | 0.006 76.3 0.192 | 0.019 | 85.8 | 0.040 | 0.000 94.8
Min. | 0.000 0.000 0.001 | 0.000 42.5 0.013 | 0.001 47.9 | 0.000 | 0.000 41.6

0.841 mg/L EE7}F 0.001~0.090 mg/L. £ 47.9914 97.6%7
A ZAAFH QA YA-L 0.000~0.373 mg/L F=1A4 0.000~
0.007 mg/LE H4& 41.6°14 HA 100% ATk o]
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A9 Fe, ofd, UA s=E wwg 2%, g yAae
=7 2 Aot glfley ofd BEE F
0.0262 mg/LZ A4 0.0183 mg/LETH 1.4HH =9
I EE 22 0.0082, 0.0152 mg/LE FEA42 % el
A s=7 o =4 YEsTh

FHAHE B9 B AAAEHR 35 AL S5 3
ALE vue 23, F#Fg 7IEeE 35 A2 F5UY
T2, ofd, UA s=7F 47 AAAZ B} 146, 1.340, 2.7
wl E=A Yebsth

AR gaol hE JFS B A AAgHe] 44
wEHE £, AABAR 250 WARE 2, Y 159
oz BRI PAFY T, ofd, UA BEE wms

EELIEE

9?\13}(Fig. 7). AR AXE 2 :L%o
AAsE T4, okd, UuA #i %EE 27t 0.0053 mg/L,
0.0324 mg/L, 0.0017 mg/L$ 0.0066 mg/L, 0.0452 mg/L,
0.0016 mgLZ 1E°] naste % 1 29 ofd F&=7}
oRZt Eokth a2y &4 asQ 2H} as0] waste #

o] A s=& HuE He= 242 0.0029 mg/L, 0.0030
mg/L, 0.0009 mg/LE T2 7} 2.3u, o}d 14.98), YAo] 1.8

oo Egh
Fee B P 42 MAE Fad AR F shbelth
(Kim et al, 2017). 850 82 93 239 B2 A5
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Fig. 6. Temperature difference between stagnation and flushed water in drinking fountains with metal and stone exteriors

exposed to direct sunlight.
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Table 11. Water quality by exterior material and faucet type in drinking fountains exposed to direct sunlight (a) Screw down

(b) Push button

Stone material Metal material
Screw-down
Cu Zn Ni Cu Zn Ni
Mean (mg/L) 0.0049 0.0183 0.0018 0.0051 0.0262 0.0016
Median (mg/L) 0.0034 0.0082 0.0012 0.0048 0.0152 0.0012
Max (mg/L) 0.0148 0.0842 0.0082 0.0104 0.1360 0.0041
Min. (mg/L) 0.0000 0.0014 0.0000 0.0015 0.0033 0.0000
Standard deviation 0.0040 0.0232 0.0020 0.0023 0.0264 0.0011
Stone material Metal material
Push button - -
Cu Zn Ni Cu Zn Ni
Mean (mg/L) 0.0064 0.1061 0.0011 0.0090 0.1430 0.0030
Median (mg/L) 0.0062 0.0315 0.0016 0.0134 0.0266 0.0031
Max (mg/L) 0.0130 0.2760 0.0017 0.0137 0.3777 0.0041
Min. (mg/L) 0.0000 0.0107 0.0000 0.0000 0.0246 0.0018
Standard deviation 0.0065 0.1476 0.0010 0.0078 0.2033 0.0012
(a) O full sun O partial shade O shade (b) O full sun [ partial shade O shade (C) O full sun O partial shade O shade
0.025 0.500 0.010
0.020 : 0.400 . 0.008 ° °
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Fig. 7. Comparison of (a) copper, (b) zinc, and (c) nickel in first draws by installation location and sunlight exposure.
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