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In this study, a portable instrument for measuring residual chlorine in environmental water samples was fab-
ricated. This instrument was composed with a CPU (central processing unit), a photodiode, a LED, a data stor-
ing EEPROM, a key controller based on keyboard, several ICs, an LCD, and a power supply. It was tried to
simplify the circuit structure and improve the anti-interference of the device through the collection and pro-
cessing of photoelectrical signal, and the circuit control by using a CPU with an AD/DC converter. The LED
with 525 nm wavelength was selected as a light source, to which £5 V electric power was supplied. The cal-
ibration curve developed for the residual chlorine was found linear over the range of 0.2~2.0 mg/L. Their cal-
ibration sensitivities were 0.4146 and 0.4133 in KMnO, and NaOCI standard solution, and their correlation
coefficients were 0.9997 and 0.9994, respectively. Their relative error was only about 0.3%. When the instru-
ment was applied to the water samples of 0.1 mg/L~1.8 mg/L range, it produced standard deviation of 0.003.
The method detection limit was 9.95x107 mg/L, when KMnO, standard solution was used.

Key words: residual chlorine, SEMI spectrometer, LED, Environmental water samples

242 2 Fa ok SRR FH e Ik =
si2 Qg 75 o &4
o] WAo] Frtslal o], $EI7F Ml viA = He &
ool tigt FAI7F Wl FaT dE A OFEH

AT} o]H FB el HpolMe] d4 FY F
Ahato] HAolx|RE, Hig 2] Aol Akt <ol i
A AA, B2 EA|, BOD AA 59 BHoZT AL
AoHY, Hge) e Feole 2 100% Ahtol
ol FE3E ko] HAE FUsA 158 Foll 05

>
To,
o
i
B
03':
i3
g
o
)

LU

"To whom correspondence should be addressed.
E-mail: tkhongl@hanseo.ac.kr

R

mg/Le] 7 ALE EAATIE Ao, 13 HA
F=FE YelHE 20~25 mg/l, AFadd =
= 15 mg/l, 12]3 &4 &38R A A2
ME 8 mglel 94 FYo] & AP, 7
o] §& fE AR da 9 FErgvd
- A4S e, 71 #3lEle] HOCIe] 434
HARE o] Aol AMgShs Askolre divl 7k
#al=lo] HCl} HOCES: A3Ad3sal o]sollA] HOCK>
THA] HY o] &3} OClol2o = sfz|=y HIPS fA
)9, o]2idt WY AAl= =9 pHY 729l 25ty
A= EgoA daE A A4(Cly), Hotdiat
(HOCI), =Jokdzito]l2(0C)2] Al 714 ez &4

S, o1 fre) 2R Gad Bk olF ojgdtol

b K
oQ e S

O,

ol
F{’r‘

i
2

=
T
T2

e
O

e



TH AgdEe] ekl 84 Axd) s Ge) @ o
4 Fo HOCle| %o] BEE A s8o| Z3HA
UEhdt) o] Zpoldit (HOCHS: Apobdait
(OCIN) Xtk 1009 olde] #+ &3&5 2z ok
A Jom? 53] ke pHolA Ada AEzo)
UE Aoz dHA Uk Fie] A 5
AEo| FQ93 A AL F A=
o 7|Qlsk=d], gL EX o
o g, pHot ok, 30 BEE B, 45
5o )5l YFL WA k. ol olf 25
o] 374 e o-E8ld} DPD W EgjEaeg =
A=, Zuld d=9, DPD-Colorimetric method,
amperometric method, iodometric method &S 2
thFsA olgH L JTd), o]HF F Pael =4
WS ol B4 data®] FA AFA 2y B
3

4 &E 9 B0 Helde RE A A6 &
==

B

o
12 > off off 4
[ a1 (e

Art.

2 AP E A 78 A% F8% g o
ARl 7 dad] w= AoE 2% 7171E A Al
3laL o]& ol g3l Aot s =EFI| A W
HES A58t} Colorimetric ¥HH-S o]8-alo] A=
H 7N71E 23}, destebr A Aol AL

ol £25 XN F 3

2.1 AleF & 717

X g9 Az 2], gl AR-E N,N-Diethyl-p-
phenylenediamine sulfate(DPD)= Fluka®] AJ2FS- A}
43519932, EDTA disodium salt dihydrate, sodium
phosphate dibasic anhydrous= 4Hd8}ske] AJekS- A}
£3}9ith. Potassium permanganate AJAXS] A]eFS
ARS8 9™ Potassium  dihydrogenphosphate} So-
dium hypochlorite solution= junsei AFe] A<k A}
4319tk Mercuric Chloride= D.S.PY A|2kS AR
SIS BE A AR | Aok BAFe AlokS
ARE-3FATE

22 BEZE 99| X

I S

B

Aol AMSE EF 892 Potassium permanga-
nate 0.891 g& S/FTE AME-3le] Volumetric flaskell

Qi 24 AR A 189

A 1L} H5=2 Axst, o] €9 ferrous ammo-
nium sulfate(FAS) ZFENS AMEsle] EF3}sl]
1000 mg/L Clo] €< gRIstitt. KMnO, #°¢-8-<)
(1000 mg/L CHo-= ARE-3taL, #173-8HE 1000 3]4
3l 10 mg/l Clo] H == AAYIAE EF8NS A
Z33t). o] 10 mg/L Cl AAFAE EF8NE o &
stel 0.2, 04, 06, 0.8, 1.0, 1.2, 14, 1.6, 1.8, 2.0
mg/L &4& Az on, IFALE LA &
BATE e H o Z ARR-SIUTE

2.3 DPD 8%9| M=
DPD £91-& P-amino-N,N-diethylaniline sulfate 1.5
2o FH5 #8273, 1+ 3 H,S0, 8 mLell EDTA
800 mg& &alAZl Z& Ao 117t H=E Axsl

SAtt.

2.4 Phosphate buffer solution?| M=

Anhydrous disodium hydrogen phosphate 24 g3}
anhydrous potassuim dihydrogen phosphate 46 g=
ZFol &8)A711, Na,EDTA 800 mgS 7
100 mLell g3iA1Zith. o] &5 117} H=5 548t
Atk o] HaE WAs] flste] AR HgCl,
20 mgS 718kt

2.5 Sodium hypochlorite solution2| X|Z=
8% Sodium hypochlorite solution 25 uLS %
3l SHFE o83t 100 mL7t H=E AF3IH L
), o] §dS FAS ZTENE A3l mEsslo
200mg/L Clo] #E EIsiglth. o] &H4& o3
0.2, 04, 0.6, 0.8, 1.0, 1.2, 14, 1.6, 1.8, 2.0 m,

7} HES Az,

&

2.6 Il-_ﬁ_ oA Eg Iil xH%I_;{A-I Al

—_ (= e | o 21
A5 A4 23 AA) AxIT TE L9 0.2, 04,

9

0.6, 0.8, 1.0, 1.2, 14, 1.6, 1.8, 2.0 mgL &4
&3] Zhzke] & Yo 2{ AAE ST &
2} =9 Phosphate buffer solution 5 mL<%} DPD
solution 5 mLell Ztzke] ¥ &8 100 mL F713k
T 2R HAE S o] W 2R g4 4709
Al o] Wgko] S o vt} g Wako]

sto] g WRko =t 2 AAE S8k AEN
A3l g gAnit 5 3] SFsI o, olE] Hitgk

2HE 02 mgL5H 2.0 mgl7A] ARFAE 73

i



190 £912] -

ATt B8k NaOCLE o]8-3t Ald4 432 Phosphate
buffer solution 0.5 mL®} DPD solution 0.5 mL<2}
potassium iodide 1 g &33F & zhz+e] NaOCl
0.2, 04, 06, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 mg/L
o] 888 10 mL H7kele] A3

ofEd

- ZE7

3. &zt

=1}
ES

nE

A 94 2% X+ AD/DC WHET|e} CPUY
photodiode¢} LEDE

EEPROM, Key PadS

EEEES

Datas

x{ 2} 3}}_:

o]-&3 Key controller; Data

2y
rowen m < T o ==
| ol o ss1a
| o [
| 2 S
L B - M
00F IOV T - At
| A z " e L on_L
‘ T ini wo s e Y
x5 | w
& cicoe BOWER_SHOR> L v o
| s 3
- T 5 R
9 < S
| 1
an =
1 e g
® —L o
DeiN a7 iator
=3 :‘ l I
P
)
o Bl
» T
=er)
b g >
L ) == ¢9 e
2y Fr | o
MEACURE_ FOWER < ———— 5 1 2 ) g
& T =
3 ] I Taunew
¢ 3 P;‘l
. $ K
L - {
i
— — | -l =
| o% N
F'3 o =
E p Fow
- | i —

Power Parts for Residual chlorine analyzer

Fig. 1. Power part for Residual chlorine analyzer.
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Circuit Diagram for CPU and Clock parts

Fig. 2. Circuit diagram for CPU and clock parts.
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LCD & LED Select Parts for Residual chlorine analyzer

Fig. 3. LCD and LED selector parts for Residual chlorine analyzer.
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Photo-sensor Select Parts for Residual chlorine analyzer

Fig. 4. Photo-sensor selector parts for Residual chlorine analyzer.
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Fig. 5. The sharps of measurement cell holder.
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Fig. 7. Spectrum for NaOCl+DPD and KMnO,+DPD
solution in phosphate buffer.
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Table 1. Standard deviations, relative standard deviations,
detection limit, and limit of quantification at 0.1
mg/L~1.8 mg/L concentrations of residual chlor-
ine as KMnO, concentrations

Concentration RSD
(ppm) SO g DL LOQ
0.1 0.002 222 6.28x10%  0.02
0.2 0.002 099 6.28x10°  0.02
0.5 0.003 063 942x10°  0.03
1.0 0.005 050 157x102  0.05
15 0.003 020 942x10°  0.03
1.8 0.004 023 1.26x102  0.04
means 0.003  0.80 9.95x10°  0.03

HolA] FF=r} oFF A veRton Ao 9xk= of
0.3%9S & 4 A0tk EPA Method 330.5(Approv-
ed for NPDES, Issured 1978)°4 &-&Z%=iHe] ¢
g ZREAe] 58 OATT 10%9-S AR u v
288 = e A%k B F AUtk KMnO,E ©|
£33 AFY4S 5 0.1 mg/L~1.8 mgL HelelA e
Adl= EF Wz 0.003, g £F AAF 0.80, HE
A 9.95x10° 2 A G 0.032 JEReH ol
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