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Abstract : There are two approaches in measuring colors (or chromaticity) in water, i.e., visual comparison method and spectropho-
tometric method. The color of sample was determined by comparing with that of platinum-cobalt standard solution in the visual
comparison method. Single or multiple wavelengths are used for the spectrophotometric method. As the accuracy and precision of
visual comparison method depend on the eye sight of the analyzer, the results are not so reliable and representative. In addition, it is
hard to measure chromaticity less than 5 TCU. Single wavelength approach in spectrophotometric method, can be applied for ground-
water or surface water with natural organic matter (i.e., humic substances) while it’s hard to measure the color of wastewater which
includes anthropogenic chemical compounds. The measurements with multiple wavelengths approach resulted in reliable data regard-
less of the source of sample water, i.e., surface water and wastewater. As dozens of measurements and complicated calculations for
one sample were required for the multiple wavelengths approach, the approach could not be applied for field measurement. In the
present study, the authors tested efficient method which could measure the color of water sample accurately and precisely regardless
of the source of water. With the colorimeter with multiple wavelengths and calculation program, the colors of water samples could
be measured within 3~4 seconds with accuracy and precision.
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Colorimeter, Nippon Denshoku, WA2200K, Japan, TCU &
e} B33 = A|(UV/Vis spectrophotometer, Thermospectro-
nics, Thermospectro UV500, USA)E AFE5FE 21, 390 nm,
400 nm, 456 nmoJ|A MEE ZAstAct oIS |

4 302 S 83t E]'%“J’]'Xo‘— A= S o] iil%‘
o] 3~4% oo &Ho| 7}=3F M A|(Colorimeter, Hach
Lange GmbH, LICO 500, Germany, H 5 t}of3t TH9))E o]
83t 24819t pHE pH meter (Thermo, Orion 520A7,
USA), total organic carbon (TOC)+ TOC-analyzer (Sievers,
TOC-820, USA)E A}g-3}o] =743519 21, total dissolved
solid (TDS)%= TFZE.417](Hach, HQ40d, USA)S A}&-3}0]
=459t

2.4 ANZHFE L M2
ME 22 o) AL 6 A - BYE A
74, T 9 FEHEAAAE fdeet BReE AR
ok A3 - AlR9] pH7E 5~105 Hlold 74, SHik(sulfuric
acid, H,SO4)7} 7H4d A th(sodium hydroxide, NaOH)& ©]-&
slo] A|RO] pHE 7.0~728 A8t E3H n]gEol 9
o A QRO WSS u7] Qi Al® A5 F 045 pm o]
A 831 500 mLE oelion] SA] TS A
skl 53l A= oAl ARgShe AEgze] g os
Iste] iAo A 7] 1 pm o]ste] E&o] HojA e}
A& F TDS =5 %7}*174 A gholl FFE v 5
Renz ofetAoA MFHZY e W 1F(-0.2
bar) o2 2745} 044—1'0}@‘3} Az A5 871=e
HF o gy wi U Aue] Hi Zeiae §]8
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o] JaFe v Aog s E 8 pEQAR e A
Ato] o] Aatd =APE 87FEQUTE pHEE TOCE Al=9]
7154 B4 ®igte| 43S F1 TDS+ 233 =AY A
EAANE 2FeE o] &8t 7|71 EA A Fast I EE

Table 1, The results of color measurement by each unit
STD solution  Tur-Colorimeter (390 nm) Colorimeter (380~720 nm)

1(°) 1TCU 1H
2(°) 2 TCU 2H
3(°) 3TCU 3H
4(°) 4TCU 4H
5(°) 5TCU 5H
10 (°) 10 TCU 10H
20 (°) 20 TCU 20 H
50 (°) 50 TCU 50 H
100 (°) 100 TCU 100 H

* Tur-colorimeter : Turbidity-colorimeter

1, 2,3, 4,5, 10, 20, 50, 100=(°)& =A|5}%c}. -
AE o]gste] IAME(TCU) B92 Mg SAstdon,
A ol 83ste] sHlH) ©Hef= Mg &
Toll M= ool SIS e Aok
Aol o A e Hole
At F2EAS A2 T Ams AT A,
13} o] T3 A e vehds ghld = gl
I mg PYL=1 TCU [CU]=1 H=1 ()< Ak
2 FF =) - 9] et shairore] M
SE3] AsiA eeluehe] A el (°)9}
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Table 2, The results of color measurement to single & multi

wavelengths
L -~"‘; ”’ ‘ STD  Tur-colorimeter UV/NVis Colorimeter
m-’l" A4 solution (390 nm) (400 nm) (456 nm)  (380~720 nm)
AR ]
1(°) 1TCU 1(°) 1(°) 1H
3(°) 3TCU 3(°) 3(°) 3H
5(°) 5TCU 5(°) 5(°) 5H
7(°) 7 TCU 7(°) 7(°) 7H
10(°) 10 TCU 10 (°) 10(°) 10H
20(°) 20 TCU 20 (°) 20 (°) 20H
Fig. 1. Color measurement by visual comparison method. 0.070 .
0.060 #390nm W400nm A456nm
7] oL A|EAFL] Setol o3t whe HjmH o r A2)s) 0.050
WA Qe BAANE 47 FEM gaby Ly . .
o} BB oM Ame] A7) %0] SE(°) of5to] A% om0 ¢ =
I ARRAE 12C0)dS T o, v AR He=E 0020 "
NRGEE, HENE )9 4% 40 Hgo| 275 P, A
Aoz ey, & 1=()7HA] SH o] 7t &34 I A
A Zguo s Aol dedhE Bl o U 0 2 4 6 8 10 12
Chromaticity (°)
3.2.2. 2YSHN M MU Fig. 8. Absorbance values by each wavelength,
4 o] 83 =S Tdag T} thEat

[e]
Aol glem £47]7I12= Fig. 29F o] £33 &=A, &

YA, A B A oA B St A )

EAEA B MEAS F2 ARSI S UehdS o 5 QUgink TLeju Fig. 33 7ro] sbgol| et
T ol AR o2 YepdS o = 9lglon g2 ubd

32.2.1. ddubgy 45 B2 FIE ohE etk A4S SR0E 5 9l
A HE AR A fiehe oefet =3 FellA ojek Zol s Ut Freof titt WFHE thE FFE %2
T2 A FEdel sidste B O] ubgE Addsted A whdupol A A7) obd dd A FAdol shaeet 2o
5 F0ks WHoR ANbAOR 390 nm, 400 nm, 450 A} fREEHC] TRt 7] - sk A A 5
nm, 456 nmo] vl A MES St Tdubgie] of gl Y= vl o AE AR o= ofof diek F714
g A SAS e 2EEN 1, 3,57, 10, 2005 = <l AE AAEkIE Aes 91 zﬂﬂ TN SE()2t
Alste] Egg ALt HE-MEAE o835ke] 390 nm, 400 ARl SR 7] - BYIsehEAl G5, AU ARE
nm, 456 nm SAIFel| N Mg St on, MEAS  AFske] G B gEugelA *“EE =74, Hlaskglet.
o]-g3t thgubgollA S M S dutet vlastglct. Ao}, Table 3] Webdl whef o] EEEH SE(°)°

Table 20]] B350 %], Se- e W MEA S o] 8dte] = qajAs FUs ME ghe VERIATE S5 at
Ao Nz EAAYE YeERf i FH o] thZatH o H)s|

AR A}, Table 20]] Lebd vk} Zro] Aw ARG Ro] ¢
= goleda 2R TE28M 1, 3,5, 7, 10, 20°0| T3

kA A

=2of tisiAs Tduy

(@) UV/Vis spectrophotometer (b) Turbidity-colorimeter (c) Colorimeter
Fig. 2. Spectrophotometric color measurement instrument,
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Table 3, The results of color measurement by each wavelength

Samples Tur-colorimeter UV/Vis Colorimeter
(390 nm) (400 nm) (456 nm) (380~720 nm) 3.2.2.2. thE oAy
5(°) 57CU 5¢)  5() 5H TP Rels SA 10883 308Eo] glon w
Wangsuk  8TCU  3()  3() 5H Anpg st th2A BolA Hg fushe ok &
Gyeongan  5TCU  5()  4() 7 7] - R sketE o] St e Ad, o) dug
ol gste] MES ZAH: WHlolth. uhabd hEulge
Table 4, Thirty-five wavelengths of colorimeter A, A, S, He 5 F AR M ZHo| A
NO  Wavelengihs chrfrﬁiﬁéﬁ??& —_— ol 7hsstct. W gy o EL‘_EE 1749} A5l o
o MEE ST 49, 10 B 302THS X, Y, Z50f o
: - o 8 47} 308], 908] g ZHolot stof 24 Folw 2
3 400 0:177 Z8F AALS AdFof sluZ AA M ZAof 28317 o
. 40 o131 & oYtk watd B AFE tEuEE $87 4
5 490 02098 T Aol =IO o] 3~4x oyl F7 o] Mgt
6 430 0074 MEAE o]gsto] AEe AAISHIH
7 440 0.059 ARS el 67 HeH d, - FEE AR, F
8 450 0.048 T 2 FEEAEAE Fdet BRSE AFsk e A
9 460 0.041 ZA - NEAE ol &Sty Mg 27, vlastiith
10 470 0.036 olg}] Table 59| &4 ZAME e AT
11 480 0.032
12 490 0.030 Table 5, The results of color measurement of various samples
13 500 0.028 to single & multi wavelengths (unit: TCU (H))
Colorimeter | Tur-colorimeter
12 :;8 8:822 Samples (380~720nm) | (390 nm)
16 530 0.025 Gwangam 8 s
17 540 0.024 Gangbuk 4 4
18 550 0.023 Intake Amsa 3 3
19 560 0.023 stations Guui 4 4
20 570 0.023 Jayang 4 4
21 580 0.022 Pungnap 4 4
22 590 0.022 Wolmun - 1 4 3
23 600 0,022 -0 3 1
24 610 0.022 Gungcheon - 1 4 3
25 620 0.021 P 3 o
26 630 0.021 Wangsuk - 1 5 4
27 640 0.020 5 9 6
S ooz S ;
: streams -4 7 5

30 670 0.019

Hongreung - 1 6 4
31 680 0.019
32 690 0.019 -2 4 2
33 700 0.020 Deogpung - 1 ! 5
34 710 0.019 -2 4 2
35 790 0019 Gyeongan - 1 6 5
* Blank absorbance : 0,000 -2 6 4

Influent - 1 24 17

Ste 3P & ShiE Adstel Sgstne e Aw e | 2| 28 21
HERon Gsanel 36, Aol e e e Effiuent - 1 5
ofyel 7] - Frleletade 23Rt A= ths| Table 4 centers -2 2 14
9} ZFo] 390 nm, 400 nm, 450 nm, 460 nm 5& Z3}5}0] Guri Influent - 1
3570 Sl A MEE Sgetug chEubguol o Hge Effuent - 1

| Journal of KSEE | Vol.35, No.6 | June, 2013
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AR pH TEe= AR 59 7188

oA 2 ME H3lo] 9TFS ujz A .
71E4e] He| F4E pHel A7) Aéﬁ}EE 7

Q@ o] E4Y8E o] 83l MEAES

54T o M wskel pHOl g @Et -3 &

Fig. 4o A7 9 speAe]s 84& ti22 4% pH

oF Mro] BAE =AISHH. oA 2ol pH7} 7.5~

8.0 W M= 4~7 HE #o3 e e =+ gl%l

ot Z22fut Fig. 5(@)2k 2ol ZF(M = 6 H, pH 7.7) A&

o] pHE 77~142 WA ZZ

o chEugg olgate] &
Aot Ms 6~4 H, TAIH390 nm)S o]-§3to] S4%H
ML 50-3.6 TCUZ H3l9th E3] dUatAS 0]835)]
AT MEO] A%, pHl U o ME G g Wsls)
Qo o] 79, 4% M= pHI 7.7~5.4 Aol

oA wskel wf M= 6 HE Hopr} gigich E2 Fig. 5(b)

12 ——col wer pH r 12.0
10 - 10.0
8 - 8.0
Col. 6 - 60 pH
(H)
4 - 4.0
2 - 2.0
0 - 0.0
Fig. 4. Correlation between chromaticity and pH. (Col.: chro-
maticity),
2 HIAFHS ] M= 6~16 HE I 2L pHY| 7.7~9.6

wsel o w6 H WSl glolh wrebd A=) pH
ok A glo] Gare vXE 2o tehgon A
A pHE FHAtolLt 7MY 2ThE ol &3le] pHE 5.0-10 9]
2 24T 7 ZR6F e A2 ¢ & Ak

3.3.2. TOC2} TDS

TOC 554 pHe} 7 AR 3 57183
a9lgolu] Mwete] gL APA A3
UReR Bks o] AlEe] TOC w7k Z7ksha A ghol
F7eks 202 vebhth 2, 2719 $8914 Atolofi= 4
BASTE 08 O HOR fOf3 FAo] Ut A0 e}
et

o} Zro] ZAFH(M®E 6 H, pH 7.7) A|&2] pHE 7.7~13.02 A& %] TDS FEt e 9} o] Bashs o] gale
@, 90 (b) - 140
6| —n—02=0 - 80 1 L 120
77", L 70 14
. 63 . 3 ’ r 100
5 .
50 ‘“ 54 5 | 6o ©
N 4.2
Col. 4 A-g]/‘\is\“' L 50 (c:)l 10 80
39| H
(H) R *42 36 lag © 8 6o ™
9,35
..... L 30 6 | a0
2 — i “924
Col. (colorimeter) -.;.- L 20 4
1 e=tr=—= Col. (tur-colorimeter) "~Q 14 0 2 == Col. (colorimeter) L 20
vedper pH
0 P L 00 0 erprr pH L 00
Fig. 5. Variation of chromaticity by pH.
(a) === TOC === col.(colorimeter) (b) 87
80 8 7
7.0 7 6 L3
6.0 3 5 *
TOC Col. 4 - <
mepy 50 5 col. )
40 4 (H) 34 y=2.3708x+0.1598
2 R?=0.889
3.0 3
20 2 11
0 : : . ]
10 1 0.0 1.0 2.0 3.0 2.0
oo 0 TOC (mg/L)

Fig. 6. Correlation between chromaticity and TOC,
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6) ARtk AbEA 2AMAT, ARO] pHE 5~10°.
™ “ L5 col 2 24% 3 M= S4S AAlsior A3 SH4NE o
mg/L) H
"l &5t o Uekon, AR %2 TOCSE TDS FE
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50 [® KSEE
o Lo
Fig. 7. Correlation between chromaticity and TDS, ’_él'_l_l = %._
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