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Abstract

To maintain water quality after water treatment, monitoring whether the quality of treated tap water quality
changes is essential. However, current investigations are insufficient to prevent secondary contamination in
drinking water supply systems. This study investigated Gyeonggi’s e apartment where a red water problem
occurred and monitored the water quality and corrosiveness of the overall water supply system to the
apartment from June 2021 to April 2022. In a comparison of drinking water quality after water treatment and
the influent of the reservoir, turbidity and heavy metal concentrations were increased and residual chlorine was
decreased due to increases in temperature. Correlation analysis and principal component analysis (PCA)
indicated that a low level of residual chlorine may cause the abscission of Mn®" and Fe®' through
microorganism activation, which also causes a high level of turbidity. The corrosion index (LI) in the influent
of the reservoir tank was increased due to Ca®" and temperature. These results indicate that the corrosiveness
of drinking water and the deterioration of drinking water quality were mainly increased between the drinking
water treatment plant and the reservoir tank’s influent. The findings provide clear evidence that it is essential
to manage water supply systems and reservoir tanks to prevent the secondary contamination of drinking water.
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1. Introduction

42 A4H0R $RE 4% AL U 55 4F AL 5
4 At sl FRE ALG] e BAL 257
2oh3 Bl dHiw Qlek MRS 48 FE0] Fob
Qo) wet ARetn nFAY B U LFE 94 =
A3 7] MR, FFE A fARE ] Fa EF
EER-EE R

I A, 7 - g FFAA FERE 2FHO e P4
E, 5594 9 oA @8ER 50, F - g @YoM E
g - 3Hy whgo] doju & Hel IAHY FFeEY A
7, Bz 43 vAE AGTLE QS B WAl 59 2
2 #d FAE o7+ dgle] H7E Stk(Dietrich and

Burlingame, 2015). %3}, =539 a3 FFHS F2
ANA BEE STMIAY, F -l

2 s Aot A H Ay AFE s
o, 22k 2@ WAE {3 F=F F

Ao] % 23ltHDargahi et al., 2016).

FEF 202095 FF=EA A5 dshd mjdE A 20
dol A Aol Aol 79,641km=E, AA Y 348%S X}
At Aoz Yegth F7|Ee F¢ old=ZdHE, 5@
S H AR ul#EY vF FFAY olF S5, WiTH,
FFBAN B 3.7%, 7.3%, 0.7%2 A Loy, 203

& Ad BAFY Hg2 FFAY oF £5%, visd,

FEBAAN A 14.5%, 73%, 16.8%= XFA A THME,

53] 200 AMEE =5 H F-uleEe F F 9y
22 585 9 FRAERD] Bo] FHFHo] glo] F4o
A3l EFsgol AstA7IE AL EHA S (Geldreich,
2020), T = " FHolth

F - ilFEE FATIE FRF 8102 £2, I
&4 2 /% 59 283 29, €2z A4 AFIL

=

s o5 99 5¢] UTHCynthia and James, 2012;
Hoseinzadeh et al., 2013). dF A= 20113 =& 44
E47% #HdE £ MHEE o] H8 etgE X8
A 4?1 Langelier Index (LDE F%& $& ZAIZELS
A3t tH(Park et al., 2014).

TEEY A 2GR F AF FFE & &43] F
FF FUS B wF 444 AF P (Hwang and Woo,
2011) 2 A718Q0 & AH, ZA% 22 FAH, A
FY Sl B A7+ APH] ATHQiu et al, 2018). = -
wi=#e] Wiad  AZ<JD Poly vinyl chloride (PVC),
Polyethylene (PE), Stainless steel (STS) &&& o|F3&}sl=
Al W s A A= AFHL Utk
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218 B7HE H9 AR AFAE S Fig 19 YepA AT 2021
695E 20224 4€7HA] vl A tATE FY5(Sample B),
ZE5(Sample C), 7FL2 FFH FXE(Sample D)S HE
FAFPA G 7|5 (Korea Law Information Center, 2021)
of AN 1~583 MlEAIZ]l & Fo4 Eg g &7
2L HASA. FE5FE AstAFE 9 LF(Sample A)
9 4 FEE Y- A BT @ FAAAE

FH(Anyang Water Service, 2022)5 &3} T}
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d FxEY FEEHE AR 95t <A E pH,
£, EB%(2100P, HACH), A7|AEE, 7/ 2(CL-2006,
Lutron)E 33 3atAth 283 2@ A& ICP-MS (Agilent
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FAFPNE715(2021.02.08. K0l AT ZFsATh

al, 2018). & AFdAM = F5 wiFY F24& Frlske A
%9l F24 A 4(Bae et al, 20155 &85}
2 AEE Hosldnh B4 AR A3

o yehilth. & d7olxe 7P BEHes E85e F



BEFH XsixiFZe| SuS N FAY Sy 277

Table 1. Summary of corrosion index values (pH: pH when CaCOs; is saturated to water)

Usage Formula Corrosion Range
;‘;?l%;l;;rl Most LI > 0 : Incorrosive
. LI = pH-pHS LI = 0 : Equilibrium to CaCOs saturation

Index Universal LI < 0 : Corrosive

(LD ‘
Calcium
Carbonate Theoretical mass of CCPP > 0 : CaCO; precipitated

Precipitati PP = Alk(i)-Alk ; ’ -

rec1p1ta.t10n CaCOs cc (i)-Alk(eq) CCPP < 0 : CaCO3 does not precipitated.
Potential

(CCPP)

Aggressiveness . Al > 12 : Incorrosive

Index C“;'{::g f?re Al = pHHog[Ca> J[AIK] Al 10~ 12 : Corrosive

(AI) pip Al < 10 : Highly Corrosive
; Z]:E?r Mainly for RI < 6.2 : Incorrosive

vy v RI = 2pHs-pH 62 < RI < 6.8 : Stable

Index Steel pipe RI > 68 - Corrosive

RI) o
L;r:ggs Mainly for LR = LR < 0.5 : Incorrosive

(LR) Stainless pipe ([CI'+[SO4]) [HCOs] LR > 0.5 : Corrosive

24 A4l LL A7AR F5FEY F5 dido] 2H
2(SUS-303) A= o] FojA glo], ZH1E L sl &Y +%
= $72448E 3dsted 2 &85+ LRS At

LI¢ & fall HeE 233N A7Ed 9A &
I E(Bante901P, Bante)¥ 1S0-99639] 42 L4ZAFLE =
Aol gAst HPHoz LY E(Alkalinity)E 73t
ALeH, ICP-MSE g3t £H 9 Ca’" =5 FHsHch
LRES 2Hg3tnx o|aZvlE1# ¥ (Dionex Aquion Ion
Chromatography System, Thermo ScientificTM)E ©]-&3}] A
FE FYF, 2T 2 7P FEEA AREY G402,
Fio| 280N BFEE FHaAth A5 A B¢, B
712 EFHA2E(Gyeonggi Water Information System,
2022)9] 43 74 ENZH AR JYEbd LIE &85
%3, Larson’s Ratio (LR)Z < €4 A AT @40
2, %*}012%“53 &8st gt th

N e

3. Results and Discussion
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€ Fig. 1, Table 29 YR AT =9 Z -+ Fig. 19 L}E}
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v, A4x §Y Z(Sample B)ol 57 A2 4(Sample A)
o g7 goAle S UEldlth ols o A7l
gatd F - wisHe] FHHAY 2H4d FE TS50 €
o] g& F7be o] HAva FGHTKLI et al,
2019). 223 AGdHue= dFH gE7F woAe BT
S Uehd A2 A2 7120 s wat, wd HE 2
A37]E(Natural Organic Matter, NOM)ol| 2|5l 39 &

d7F 7HEEY F - vl F4d0] A5etr] WEelt
(Masters et al., 2016). 2021'd 8¥oll= A sAFZ FAF
] FEFIA drAFHOZ g H
7122)(0.5 NTU)E %2¥ L}b At 7 YERY, ol §EF Al
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AFAaEE A$Fig. 1) AFAYALANA Z2EFH
=

AdASE 79 8 NS gAE FREAA B

0.5
mSample A
@Sample B
0.4 oSample C
5 oSample D
2 03
g 0.2
g
& 0.1
0
12

—

ot
1

e
n

e
to

Residual Chlorine (mg/L)
o

o

Fig. 1. Changes in water quality. (a) turbidity and (b) residual
chlorine in the sample sites.
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Table 2. Water quality characteristics of influent and effluent in the underground reservoir

Sample A Sample B Sample C Sample C
Parameters (Finished water) (Influent of reservoir) (Effluent of reservoir) (Tap water)
Max Min Max Min Max Min Max Min
pH (-) 8.00 7.10 7.48 6.95 7.46 6.93 7.46 6.98
Residual Chlorine (mg/L) 0.96 0.80 0.96 0.10 1.03 0.20 0.85 0.17
Turbidity (NTU) 0.09 0.02 0.31 0.10 0.91 0.09 0.20 0.11
AP* (mg/L) 0.060 N.D. 0.050 0.009 0.057 0.009 0.053 0.008
Mn*" (mg/L) N.D. N.D. 0.001 N.D. 0.001 N.D. 0.000 N.D.
Fe** (mg/L) N.D. N.D. 0.000 N.D. 0.006 N.D. 0.001 N.D.
Cu** (mg/L) N.D. N.D 0.007 N.D. 0.006 N.D. 0.007 N.D.
Zn* (mg/L) 0.010 N.D 0.009 N.D. 0.012 N.D. 0.018 N.D.
v AZEE AYEA AdFdart dade 48 € F AN Agz F9Y H(Sample B)FEH 7Hd FE=F | (Sample D)ol
o AREEEE 7IEA 0.1 mg/ll o3-S FAGL UAL Me F55 d2ol vg AEHAT =8 W vF 55
W, 88 A (Sample A)llA AFxE F9 Z(Sample 2 F R AN F55 %%;‘r, o FAd g &
7te-ASHEY B-AFH A U(scale) o1& EZ9 GF2 AcKLi et al, 2019).

B) AFHLEsE &4 = &

2 ol FEE WA JFFFLY &
A, FA(bulk water)l ¥H3, A F& 2 AFH F245
o2 s FHRAL EAHEE7E F7HE A7 A&
THLee et al., 2004; Noh et al., 2016).

T3, AdALE 455 7Vé F =7 (Sample D)7+
&4dol A YEsEd, o AE Fold wE
= Al &E g u# ﬂ]v"]{} Y &49 Tbs
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Fig. 2. Pearson’s correlation of turbidity, residual chlorine,
and heavy metals.
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Table 3. PCA results of heavy metals and relative factors in the water samples

Items PC1 PC2 PC3
Variance(%) 279 243 233
Vca‘;:;’;‘iaet(ﬂ;s 279 522 75.6
Turbidity 0.555 - 0.755
Free chlorine -0.897 -0.151 0.182
AP - - 0.254
Mn* 0.869 - 0.150
Fe* - - 0.767
Cu* -0.149 0.931 -
Zn* 0.239 0.895 -
o A@BA ZA FHE EAE e, #2E59 FA7F 0 TG A F2do] om0 o]dd B ui#
Q1] tigt 2FA G 2o HX = 7]9]E& Table 39 W 2AYG FH 7tedel E5 gudth B¢ As
RStk 2 AFNANE CL § £FAY Fofo] FaH (Sample A)9] B¢ F49 F=7F 27 o, ALz &
A s Y7 FUH 4F A ide g3k 28] 4 AT FEEANA = 744 A5 LI<0, LR>0.52
F2 5o 3o &3l @xteo] FUketH, wid W AHER HAE w8 S YEIAT F248 AT Test 495 &

|
= Q7] " E(Kim et al.,, 2013; Li et al., 2019)
ZFEL, g%, 283 gl eMn’) g 2012 Soh
F%59 FFE F FEol(Cu™), otdol@zn’) FEY o

F-uldY AE F AR H § FRYR] F
o Froez FHE F-ulFHY &9 IFY o=
e ol (Lee et al,, 2017; ME, 2020) 24 22 4t €%
o} ol 2(Fe™) S 891308 TR, QQ15-31F2 =70
w2} Z(>0.75), 5(0.75-0.50) 2 2K0.5-0.3)22 Yo &
AFet 2JE HAFATHLIu et al., 2003).
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Fig. 3. Changes in corrosion index. (a) LI and (b) LR in
the sample sites.
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A= HCOs &, ols &

T AT gugdtt AF Hnd B2 AT
9 gz = At °
et al., 2018).

A4 ARLL LR) B 2R THpH, 2=,
Ca*, TDS, CI' € SO,/») F#EA
0.66(p<0.05)2] FBB/AES BRIt S Ca'es =B
2AYLE st el Eul A" oY
g g denz w# TS FAS] H gt EE 5
ZY = 245 A 4F F7F F<eH(Han et al., 2018; Wong
and Stenstrom, 2018) @ & - WiF# AL 58 FUIHe=
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