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A study on the testing method of discolored tap water by
spectrophotometer
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ABSTRACT

This study focuses on the application of a new measurement method that quantifies the residual color of filtered water
using a spectrocolorimeter after filtering the discolored substances. It was confirmed through the color and turbidity
cross-test that the discolored substances cannot be measured effectively with the current legal color and turbidity test
method. Therefore, the National Institute of Environmental Research's filter testing method, which involves filtering the
sample through 0.45um filter and visually inspecting the color, was improved. A membrane filter colorimetry (MFC)
method was established by measuring the color difference (AExab(65)) of the filtered filter using a spectrophotometer
and expressing it as filter color unit (FCU). Using the MFC method, the FCU for reference materials such as iron and
manganese, as well as field samples, was measured. The results showed a high correlation with turbidity, and the color
difference patterns varied depending on the type of reference materials and field samples. This indicates that the MFC
method is an effective new measurement method of discolored tap water.

pp. 187-202

Received 12 June 2023, revised 12 July 2023, accepted 14 July 2023.
*Corresponding author: Hangbae Jun (E-mail: jhbcbe@cbnu.ac.kr)

1,2 258 (2&) / Dongheon Kim (Director)
Z5 ATAHYT FH=Z 6292 77, 28759
77, Mongnyeon-ro 62beon-gil, Sangdang-gu, Cheongju-si, Chungcheongbuk-do 28759, Republic of Korea

2 0|Z3 (El¥) / Jonggeum Lee (Head of Team)
Z5 ATANYT FH=Z 6292 77, 28759
77, Mongnyeon-ro 62beon-gil, Sangdang-gu, Cheongju-si, Chungcheongbuk-do 28759, Republic of Korea

2 222 (A7AD / Jiyoon Oh (Researcher)
Z5 YFA YT 5H= 622 77, 28759
77, Mongnyeon-ro 62beon-gil, Sangdang-gu, Cheongju-si, Chungcheongbuk-do 28759, Republic of Korea

2 Y7IE] (HLAD / Kitae Kim (Researcher)
Z5 YA MY SH2 622 77, 28759
77, Mongnyeon-ro 62beon-gil, Sangdang-gu, Cheongju-si, Chungcheongbuk-do, Republic of Korea

1 2484 (a24) / Hangbae Jun (Professor)
SYSL YA M ZU= 1, 31080
1, Chungdae-ro, Seowon-gu, Cheongju-si, Chungcheongbuk-do 31080, Republic of Korea

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Journal of Korean Society of Water and Wastewater Vol. 37, No. 4, August 2023



| EESAO ofst 2P xS ARRYE A

\9

Key words: Discolored substances, Fe:-Mn, Filter test, FCU(filter color unit), MFC(membrane filter colorimetry)

ZAof: 22, 27,

1. A

ru

lo

SEE AL 2391 20199 1040 A
I 333l A d A lotoof SfFsf A
T d=d A4 AE22Ahol =W Fig 13}
o] FEES WA Y oIz TolE ol ek,
7} 252%% 7P =gkth 1 9] Turls] Boba| Al 7t
21.8% % UERgon A AH ) AF w7 e
o| Z|ZLSFA| fkotbAl, glo] JlojA(a=dA F)7F H
£ ©|%lr} (Seoul Shinmun, 2020).

g Y A LRIDWDS)ol A 2H A=
=A% 5{:?“5_} A Accumulated loose particles)2] )|+
Fr dlolH, o5 PA 712 F2 HA]
I o]\:q (Vreeburg, 2010), =7l A 7|lsk= YA}
4=
4
’%

Al %

< o
40
ofl T

4>
o L

M & mo

ol

e el YAy AL BLASHA A
7] wjEof o F=A =t (Vreeburg et al., 2008).
Ut ARlHE AR BEY S ol
SPA] FRe B4, Sy B 2ol
(Boxall et al., 2003; Slaats et al., 2002).
SET oA ARBHE ZRo|EApe] SAs
Zﬂﬁéolb} g7bol =l S doeA +xEY
Foageld T=BUU0) 44 2 Ugle] Hr
(K-water, 2005). 52%9] H(Fe)2 322 27 A=

=
Fe(lol20] Hejz e =z vehd 4 g

Ol2AIE, TEME(FCU), EEMZE(MFC)

(Langmuir, 1997). 27} #H(Fe*") Al Qdubz] 7}
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Fig. 1. Survey results : reason of not drinking tap water.
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Table 1. Characteristics of the samples

Installi
Sample | Classification |Materials| Size nstatiing
year
WTP, Cl C te,
0| B ear | Lonereie, 1o 600 m*| 2016
well Epoxy
YY Concrete. | 53,000 m*| 2014
S . y
@ | Gs ervice STS [9,000 m*| 2002
reservoir ..
GG lining | 5000 m*| 1998
GD' | Apartment STS 720 m® 2008
3} p
BF | water tank STS 344 m® 2017
SB" | Consumer |Steel/PVC|®15 mm | 1984
o Cast
0oC Hydrant iron, |®150 mm| 2010
Bronze
@ JB : Ji buk

® YY : Yul Yang, GS : Gae Sin, GG : Ga Gyeong
® GD : Gagyeong Daewon, BF: Bokdae Fovill

O SB : Sachang Buheung, OC : O Chang

% YY, GD, SB : Elemental analysis samples

21.2 H==2%

S PN 2 qEAHel B
A(Fe), YHMn)} dFulH(A) 3oHE F Fe0s -
HyO(yellow), Fe,Os(red), MnOx(black), Al,Os(white)2
FFEZE AASIAL Table 29} o] &£4]51ch.

dovl=

Intake . Water Consumer
Raw water— Station —-| WTP —| Reservoir Tank Hydrant
(1) (2] (3) (4]

Fig. 2. Sampling points.

(a) JB

Fig. 3. Discolored tap water samples.

(b) Samples

(c) SB
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Table 2. Preparation of colored reference materials

Chemical name Manufacturer
hemical f 1 Dissol 1
Chemical formula (CAS No) (Product No) issolved color
Yellow iron oxide JUNSEI
F -H 11
€204 - H:0 (51274-00-1) (32226-1601) yelow
Iron(IlI) oxide SAMCHUM
F
0205 (1309-37-1) (081315-54) red
MnO, Manganese dioxide JUNSEI black
(1313-13-9) (53165-0401)
Alumini i KANT
ALO,8 uminium oxide (0] white
(1344-28-1) (01173-00)

22 2M717| & EEMEY M2
2.2.1 BEZ=M7|(spectrophotometer)

F3= A0 A|(spectrophotometer) 2} A2}A|(Chroma meter)
LMol A, WE, o] ke Rolshel ML 43
st woR Al oz o & gle ulda
) zpole| o] 7455teh (Serup, 1990)

WS FHSH= WA/ A FZH(Color space)ofl= A
Ay, HE, Y= FEEAS= HSV (Hue, Saturation,
Value) M 7}43le] £36F= RGB(Red, Green,
Blue)2} CMYK(Cyan, Magenta, Yellow, Key) 123l
glolg 7|gte s #FdE CIE 437t 5ol Ut
(Smith, 1978). A z|z+o] Zojo| A A} F7he 1931
ZA)ZH Y3 (CIE: Commissioninternationale  de
I’éclairage)7} WHE XYZM Z7bo|th XYZ M 7+ &
X E 7|HWrO 2 Hunter 1948 Lab A} F7Fo] 7idrE a1,
1976\d CIEo| 4] A dloje o] Al Al e 7[Rk
©o=2 CIE 1976 (L*a*b*)o] AHE T} (Warner,

(a)

2014). 2 o] AEHE BHZAAL MAAL
Fig. 49] (b), (c)2} Zo] CIE L*a*b* ®}4]9] Konica
Minolta CM-3700A2} CM-700d &8 AME-3}%itt.

CIE Lab 4 E7+0]4 Fig. 49| (@)o} 2o] L& 314
(1003} ZAA(0)2] HEES JERYIL ad} b= HALo &,
“at A el WM bl SRERA +bi g
%2 tpehdich (Belasco, 2020). A3H= A]9] Zpo| & ©f
wjshel, 3319 BrkolA o] F A gF Ael7t 2 M)
2 oulstel, 1 ZABL ofejel Aom Aikmct
(Park et, al., 2019).

AFE =V AL+ Ad? + Ab*

= (L, —L,)* +(a,—ay)* + (b, —b,)?

g, Ago] ARZ-E Konica Minolta CM-3700A2}
CM-700d9] SoftwareQ] SpectraMagic NXof| o]t Al
AE*ab(FCU)2| Z @22 Fig. 59} Zt}

Fig. 4. CIE L*a*b* color space(a), spectrophotometer CM-3700A(b), CM-700d(c).
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Fig. 5. Display type of AE*ab(FCU) by SpectraMagic NX software.
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7)ol whet Alzof B
A7l Qste] 045 mz o 7}st
color unit)E ZA3tth & Ao|A MEo AL
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2.2.3 Ef=A|(Turbidimeter)

HEL o] A% W FHEE o) Pory 54

o]
F¥og =4 w9ol= Jackson X TG(ITU),
Formazin % T9J(FTU) 2 Nephelometric €% T+

(NTU)7} AFE-Ht} (Stern et al., 1978).
Feuths orEe EET HewY E7
HLBATHAF 7|2 ES 05308.1d, 20210 2|3t
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B HEVE A RA FEd
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1978; APHA, 2005). o] % of o3 Azt
F 8le £45ko] B]LSH= nephelometry 37 % o[th
HE EF8NO2 formazin §H-S ARESIIL Q1o
-2 tungsten lampE AR5 L1} detector?] Z+
T 90°830° 2 &A= E ARESHT) (Chauncey et al.,

He 2289

2005).

R AARZol FH S 3F spectrum(MA)S ARE-SH
W Abgto] ufAtof whet 2 A FS AFEA]A ufE o]
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o] Zhe e BA 512 Faitt. o] BAS A5t
7] 98 @A SIS AR =R A S Qlok o
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oF (ang, 2007). webA] A@Hel AL AR AL
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2.2.4 TEMEH (MFC, Membrane filter colorimetry)
Tt
2 ATt ARgShE AlEHE = EY FaHel
A ugels RMEUS HHOR 245
o], 2374 75+ NIER-GP2020-177(2021)2] el A]
3 HI} ASTM D7843-21(2023)2] MPC(Membrane patch
colorimetry) A 8-S =Aste] A2 HEA=H(MEC,
Membrane filter colorimetry)S 7ld} - 2185131, o] A
dylow 24E Azl ABYabIS WEME(FCU,
Filter color unit)gtil s}alA} 3ot
o] AL e 5 YeEl
= ZHE ARESto] Table 31} 22
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Table 3. Apparatus and conditions of MFC method

Filtrate |Filter dimension, | Material of Vacuum
volume Pore size membrane pressure
1L 47 mm, 0.45 /m |[MCE or CA"| 33 kPa|

* Mixed cellulose ester(MCE), Cellulose acetate(CA)

1. 28 AAret 28 27| S0 2HE w1
g EH2 143

2. U333 kPa oJsh)S AL 2] 22 T
2 Mk

25 302 5 A okt e
+AsHA gk

=

e
o > u

Table 4. Cross-test of chromaticity and turbidity

4. 23t & SA A= 1 LE ZE Zrj7|o] 2=

5. 4 35 mL9] gi dE 278 o T o
o] 93| EEE= Fck

6. el & é*c‘.i%‘ 25t HEZH4o] Y1
7] Foll 3AIZF xRt

7. 5% 1 LE oje BES o] gsto] B2y
Az i e 243t

8. ZAE FH5 ubek Ak A=) A Apol(M

) AE*ab Aefgict

M A CIELAB AE*ab gF& A4 A =}
71=3}. AE*abgkS ZE|ME(FCU) =
AF*abZko] 4.00]H 4.0 FCUR 9=

1*”E(FCU Filter color unit)= AE*ab = *_h'xf

AJ

77k

©
e TR T A ST 17
ofd
lN'

m

X
[ul=|

3.1 M, Bl mRpAH

$5E2] 2HA Alal(Discoloration events) 2HAY A] &
HHElo s Ak, gk o o H= 22 A o
F7F ko] whe, @3 Aol whE Mot e
549 dde AFAEY TAE Slstr] $fstod

4

M=ot B o] WARAF S AAISHITE HeErdE
A E71%3  Standard  methods®] A F -GN
(KoPICI+CoCl, - 6H,0)S o] 8-8o] g2 =4s}1,
S EFEEH(NH), - HoSOHCH)Ng )= ©]-8-510]

Me 2 =43 Ay}t Table 42 Zro] eyttt
WAAY AT}, MEFEZN(1~50 CU)S B
d Ade AEe F=oF ARl BF 0.050~

Ay

Chromaticity Turbidity Turbidity Chromaticity
Std Avg min max Std Avg Direct Filter
(cuyy (CU) (NTU)? (NTU) (NTU) (NTU) (CU) (TCU)®

1 1.0+0.00 0.055 0.070 0.1 0.13+0.01 0.4+0.49 0

3 3.0%0.00 0.052 0.075 0.3 0.31+0.02 1.40.49 0

5 5.0%0.00 0.054 0.065 0.5 0.51+0.01 2.0%0.00 0

10 10.2+0.40 0.055 0.079 1.0 1.02+0.04 5.0%0.00 0
30 31.0+0.00 0.050 0.081 3.0 2.85+0.18 14.6+0.49 0
50 52.4+0.49 0.057 0.075 5.0 4.77+0.28 25.0+0.89 0

1) CU : Color unit
2) NTU : Nephelometric turbidity unit
3) TCU : True color unit
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0.081 NTUZ e}, &3 A3 9] 34 Pr.Co M=
gl gEgos 2457 ofele

CHTable 4). olo} e Aubs gabel Fujel B
spectrum(H )& AL-§5Hel Akgro] spgoel wheh i

A Fe AAAIA wjEo] filter®] oghg SHA HH,
o]: uﬂzlg }\Hoh,]- =4 celle] Mo] et é@ﬁoﬂ
FFS =t dFtJang, 2007)2F LA|5h= AH=
W Aol rgate] AAE HolFn, 52 A4
AR A A ZHel A e WAl E grEst S
4712 HAPOR Yehtl o458 4¥T 4 UL
R L

S, HERze] ME AP A7 FERZNS

ola} glo] & =43k 0.1, 0.3, 0.5, 1.0, 3.0, 5.0
NTU9| wa} H+ 04, 14, 2.0, 5.0, 14.6, 25.0 CU2]
Z7hEAR dedth SR BB E R A7)
Zoll A Ak vheh 2ol SEEUL 045 ume| W
AAT FAETCUE BE 02420 teked
Col9h e A GRS FUGE SRR Qv
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o L

28 AT WA A 71E A

1449 SIS v,
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et =4

3.2 SMST AN

HH—er Az, 87l A5t e 2
o YAEHS 37 §lsto] APARRn|H-ol X
Hy

3 Oi]i/;jv:dgﬂ(SEM-EDS, Scanning electron microscope/
energy - dispersive X-ray spectroscopy), =2 3r=Et=u}-
HF=E537|(ICP-OES, Inductively coupled plasma optical
emission spectroscopy)2] 48 A|dYsIAct

SEM-EDS #4143} Fig. 63} Zro] Al&of 71 &
o] ¥ Y29 Hit FHE2 AA(0, 56.42%)2t
BHA(C, 29.42%)0]H, H(Fe, 3.53%), L=u|i(Al
1.58%), oFSA(Zn, 0.45%), TF2(Si, 0.34%), I7H(Mn,
0.25%), FA(CL 0.09%) &0z ZAE QT o]
Ait= SO0 AFRO)F RS ARt A4 di=
Aldogz HEZ A o (Cellulose Membrane)
ALA| O Ao 7117t Ao wtEm, 1 9o A
FA YA A v A Y H F7SHA AR ?:_1'—?‘
o)g(Al)o] SHelenh. E3L, B Yol A XH
2= H(Fe)dt ZHMn) w3
Al F % o

&
g},

rﬂi

2L, SEM-EDSO| A 2hQlEl o-Fu|m(Al)at 2H4
A9l A(Fe)Tt Y7HMn)e] 371 FEE ICP-OES
2 B5 Amd 2AZte] $EE WY, Fig 73 o] &
SulEADS H3t 210~ 150.73(ughe). H(Fe)it 7
(Mn)-2 Z+z} 41.28~58.88(ug/kg)} 1.50 ~28.45(ug/kg)
2 ekt

ol el FFupy
Zol dFulEA)T FHMn)S
2 Z44E AAY Y =08 =17 7
L} ZH(Fe) & I HAlo] oJgFo g =rlsial
o]+ Fig. 6914 SEM-EDS®] 2 (Fe)u} o7¢(Mn) o
axet e A¥S e Sk oot
SEM-EDS®} ICP-OES 54 ZAis Atz o
(distribution network)o|A¢] B (=&, 3
) WAol FeAE oA mAgE REEE
A(Fe)} Y7HMn)o] ¥ %‘Oﬂfﬂ =% &‘ﬂi Agtst
of Sltbrt 4%, Serel W
(Vreeburg et al., 2008)2}
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3.3 BEE0

ZEJMEZH(MFC) A
P/\J] é OJ/\H/H 75]_} ﬂo];} iq(Fe), ul7}
(Mn)#} dF0]5(ADS] BEME=R(MFC) 482 914l

Are A 1428 (Fe,05 - Hy0), AF8tA2 8 (Fe,03), o)Ak
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Sample Spectrum peak (wt%)
. cps/eV |
181 | 0 C N Fe A S M C
:i ca 5794 285 663 116 412 072 060 0,27‘
12 si
YY 1: .C! Ca “‘-
(precipitate) -
4 \
: RGeS ek
1 2 3 4 S 6 7 8 9 10
Energy [keV]
0 C N Fe Al Si Mn
5828 3090 877 131 046 013 014
GD 3 Cose
(precipitate)
i . T
2 3 4 5 6 7 8 9 10
Energy [keV]
70;:pS/ev
eo; (0] c N Fe Al n Si
sorﬂ 5305 2879 835 812 017 134 017
40 Al
SB o A P Fe & e
(Slime) i d
10
4l =1
2 4 6 8 10 12 14
Energy [keV)
Element o] C
Wi% 52.00
Membrane
filter
(MCE)

Fig. 6. SEM-EDS images by field samples and MCE filter.

Table 5. Preparation of single and composite reference materials

Reference materials

Concentration (pg/L)

® FezO3 . Hzo (YeHOW)

@ Fe,05 (Red]

3 MnO, (Black)

@ A1203 (Whlte]

Composite OD+Q@+@+@

10 50 100 200 300
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0E3- 221

U7IEH- 2tey

o o J\
200 -
180 -
= 160 -+
&
'g 140 -
e 120 -+
2
100 -
E
' B0 1
g 60 -
'3 40 - mpasnanad Lh A
20 - Teeina,
U -
YY GD 5B
m Al 150.73 16.44 210
HMn 28.45 5.00 1.50
HFe 41.28 46.15 58.88
Sampling Point
g
Fig. 7. ICP-OES analysis results of sampling point. é
g
o
Table 6. Turbidity(Tub) and filter color unit(FCU) of reference materials
C F6203 . Hzo Fezo3 MHOZ Aleg Composite
( Ogr/lf] (Yellow) (Red) (Black) (White) P
M8 L ub(NTU) [FCU(AE*ab) | Tub(NTU) |[FCU(AE*ab) | Tub(NTU) [FGU(AR*ab) | Tub(NTU) | FCU(AE*ab) | Tub(NTU) |[FCU(AE*ab)
1 0.12+0.01 {0.48%0.15|{0.10%=0.00 | 0.22%+0.03 | 0.08+0.01 [ 0.23+=0.01 [ 0.06%=0.01 | 0.64*+0.25|0.15*+0.02 | 1.08+0.41
5 0.20%0.01 {1.61%0.03 |{0.15%+0.00 |0.62*+0.02 | 0.09+0.01 { 0.31%0.05 [ 0.09%£0.01 | 0.48+0.08 | 0.29+0.04 | 2.22+0.12
10 [0.30%0.02|2.94*+0.26|0.22+0.01 |1.19+0.04 | 0.16=0.01 | 0.43%0.02 | 0.20%=0.05 | 0.97+0.09 | 0.46+0.02 | 3.97+0.20
50 |1.32%+0.0114.06%+0.48 | 0.80+0.05|5.95*+0.19|0.25*+0.02|1.59+0.02|0.23+0.01 | 0.46=*0.08 | 2.11x0.16 | 16.09%0.95
100 |2.54%+0.01 | 25.07+0.63 | 1.51%+0.07 | 11.22%+0.20 | 0.35*0.03 | 3.23%x0.09 [ 0.28*+0.05 | 0.54+0.08 | 3.97+0.10 | 28.61+0.41
200 [4.96%0.06 |42.16+0.67 | 2.99+0.16 | 19.23+0.46 | 0.51%=0.02 | 7.10%=0.10 | 0.34%+0.03 | 0.35*0.06 | 7.78+0.19 | 42.99+0.61
300 [7.41%0.04|54.23+1.34|4.54+0.09 | 26.00+0.79 | 0.65%=0.01 |9.78+0.25 | 0.40%+0.03 | 0.52+0.07 | 11.73%1.27 | 51.22+0.10
R? 0.9999 0.9805 0.9997 0.9897 0.9736 0.9969 0.8192 0.1983 0.9999 0.9504
(a) FCU by Concentration (b) FCU by Turbidity
60 60
1. FelY) —i— 2. Fe[R) R = 0.9805 A "
50 —=—3.Mn —-—a.Al =y 0 /.../"
—a—Composite —
'3‘40 o /’t 40 //
= 5 e FelY) —a—Fe(R)
;30 — gao - —=—Mn —-—pl
- R* = 0.9897 E —s— Composite
-
20 20
" R? = 0.9969 10
0 o
0 50 100 150 200 250 300 0 2 4 6 8 10 12 14
Concentration (ug/L) Turbidity (NTU)
Fig. 8. FCU by concentration(a) and turbidity(b) of reference materials.
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A AT Table 53 Zo] 2AH ZEEHY 5%
9} Bhw o] AFhabA| = Table 63t 2] ALOSE A 9|5}
3 R*=0.9736~0.99992 U}ElyFom, I E M E(FCU)
9= R7=0.9504~0.99692 =7 e, B
(Spectrophotometer)E ©|-83F HEJAE=HMFC)o| 2+
MELS g oR 24T 4= YeS Hojerh

%1, Table 637} Fig. 8(a)@F o] 2HMZ4 9] sreof w
£ ZEMEFCU)EEE Fe(Y) > FeR) > MnO, 3 o] Lt
How, ALOS HHMES Uehfi#] ottt E3ha
=49 B ddREEd 9w ksl 3
o}, HENE(FU= TdEs=Ed 5 7 2 g
A= Uehd Fe(Y)2F AR 275 Yepiich E3t
Fig. 8(b)ollxle} o] o) wg Lees HH 53}
F=A0| HHME(FCU)7F Fe(Y)EH WA YERdth

3 EEEEA ] S 0.005 mg/LojA LEX
T (AE*ab)7} 2.2 UElt=d], ol WHMn)9] 4=
55 A7 0.05mg/LECH 108] W Hro|th
oj|gt Aih= ul=m A A Slof A ME7E AE*ab
2 ool Mzfol7} Qlrkal Hi= f74(Wozniak,
1987) Zasto] 2o ZAEA S| B
FA7|E olstolut Mz oFt =xE9 ERto] of
71H= dRleg Atz whebA oo i
E A3 E HeiAe E 3L "R, e 5o 3
EHTt JHMERMFC)E A83te] anAyd Ze
2 AbREY 235549 ENEHMFC) o) o
v e o] AR Fig. 99F At

S

i)

ARl A 2P0 A A F G STH ] AR
tjste] AFE AlPstiet. WA, 22t AwE oF
1,000 NTU7} =25 A& dHS A5Gt o] A&
HHLE 1 LY F7=ol &%=7} 0.1~10 NTU7Z} H ==
0.1~10 mLe] 7HAZ 343 & gk, ME(CU,
TCU) ¥ A 22 AJ3Hel Hej M= H(MFC, Membrane
filter colorimetry)& =83}l ch.

A RO M= =4 A3} Table 79F o] A&
AH7] ME(CU)= Hi 0.0~273 CUR YEFOH,
A&2F 1 mL/L (F 1.00 NTU£0.06)o]| 4] OCA| =7}
Zdf 3.0 CUR = M&o $47]#Ql 5 CURT
A Yebeth B3 AR E 045 umE o gk A
(TCU)= H5F 008 Yeh, oA g - Mk wX}A]
o A ditet Zo] @3 Hemrd3ZAE 7=

2 ME AY FES A AMIA] E 2PE T
Aotz 710 R o]&517] o AR AlmET

b, AFAIRS FUFH BEME(FCU)LFS] 4
T3+ Table 837 o] R? = 0.8449~0.94822 =7
et S EHMEC)S o83k A9 54
o] ME AR AYE ¢ IS HoErth &
AA = o] EMEH(MFC) AR Fig. 103 2t

E3E AR} EEHY g w2 e
L (FCU)«= Fig. 11(a), (b)2} Zo] A= OCoA 7k
=4 dvEser, 19 AFAIRS} 2EEdY
FCU= A|&of uhe} thofet 540 vedar Qich o]
oF 2 dits pEolA WSk a0 &
2 oA L Thefel ZpolE YERE 4= Qltk=

o

A&
5.4 SHAIRY] TIEMES(MEC) AlH RofEeh weha] SRR HUAT WA T
TEerEm = == o M= FHOR tAshs A AWEe] S =
TAlSolA e Tkt AR AEE fiste] A 7Ne axad] Ae wgsy] "yl AlRErh
Table 7. Color unit(CU) and true color unit(TCU) of the field samples
Volume JB GS GG BF oC
(mL/L) CU TCU CU TCU CU TCU CU TCU CU TCU
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.3 0.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0
0.5 0.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 2.0 0.0
1 0.0 0.0 0.7 0.0 2.0 0.0 2.7 0.0 3.0 0.0
3 2.0 0.0 2.0 0.0 6.3 0.0 7.3 0.0 8.0 0.0
5 3.7 0.0 4.0 0.0 10.0 0.0 10.3 0.0 13.3 0.0
10 6.0 0.0 6.0 0.0 18.7 0.0 21.0 0.0 27.3 0.0
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Table 8. Turbidity(Tub) and filter color unit(FCU) of the field samples
JB GS GG BF oC
Volume
(ml/L) Tub FCU Tub FCU Tub FCU Tub FCU Tub FCU
(NTU) | (AE*ab) | (NTU) | (AE*ab) | (NTU) | (AE*ab) | (NTU) | (AE*ab) | (NTU) | (AE*ab)

0.1 (0.14%+0.01|1.21%0.04|0.13%+0.01|0.97%+0.15|0.11£0.01

1.34%+0.09|0.11+0.01|1.98%0.15|0.14+0.00 | 2.47£0.13

0.3 |0.31x0.00|3.73%+0.12|0.30%=0.01|3.01%+0.06 |0.31%+0.01 | 4.25+0.06 | 0.31£0.01|6.08£0.28 |0.33%0.01 |6.92%+0.22

0.5 |0.51x0.01|5.68%0.39|0.51%=0.00|5.10%+0.49(0.51+0.01

7.67+0.3310.51£0.01|9.85%0.14 |0.51%0.00 | 11.99+0.78

1 1.01+0.01|11.24+0.17 | 1.00%=0.02

10.36=0.55 | 1.01+0.03

13.99+0.34 | 1.00£0.01 | 18.15%+0.34 | 0.99%0.03 | 20.89+0.19

3.00+0.03|30.47+0.87 | 3.03+0.02 | 26.38+1.23 | 2.93+0.09 | 33.67%+0.36 | 2.92+0.01 | 39.89+0.69 | 2.98+0.04 | 49.62+0.24

5 5.02%0.09 | 45.75+0.88 | 5.07+0.01 | 38.95%0.48 | 4.97+0.08 | 44.13%+0.01 | 5.07£0.01 | 50.07+0.36 | 5.01%0.02 | 68.47+0.80

10 10.12+0.14 | 61.7020.34 | 10.140.20 | 54.54+0.78 | 9.93+0.20 | 50.52+4.53

10.02%0.01 | 59.84+0.60 | 9.88£0.09 | 80.49+0.13

R? 0.9999 0.9392 1.0000 0.9482 1.0000 0.8449 0.9998 0.8552 1.0000 0.8717
Table 9. Statutory water quality test at the end of the water pipe
Items Relevant laws and regulations
End of pipe
Monitoring The drinking water inspection rules : article 4
Old water pipe
Key management area The waterworks act : article 21
Before the supply The waterworks act : article 21
Water pipe cleaning Ministry of environment notice : 2021-43
Home tap water quality test No relevant laws

T3, Fig 11(b)eh @o] EEEAT @R 9lof Ze AT AWE viPOR Hrol 452 4
o] T WHNEFCUE FHAA 2E @A 712 05 NTUS F402 g th geie
REEEY ADS FOUZF REZAGSH A (FCU BrE mE, AYAR Hre} WeuE
FCU ®oh ol 7 Jehti 9ok ole} 2:& 2 (FCU): Fig. 123} 2o] Bhee] Z7lo] ue} mejals
T FHARY] A4 AFe), FZHMn) ofelo] tF  7F ST FFAIRS] Fol whebd d2 g
@ Aol EAele] BEAES F/71E Ao oM BEAEFECUE sl 2Eskn ok =
2 ek 3, 4%% 871220 05 NTUFZo|A Awuy,

90 (a) Field Samples (b) Standard Substances
S0
80 80
= 70 70
g &0 5
? 50 %SB -
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30 < 30 -
20 20 " ——]B ——G5 —=—B8F
10 10 =—4=—0C =#=GG —d—Complex
—a—Fe(Y) —+—Fe(R) —e—Mn
o
0 o 2 4 [ 8 10 12
° : * rubidityinTu) 0 . Turbidity[HTU)
Fig. 11. Turbidity and FCU of the field samples(a) and reference materials(b).
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