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An ion chromatographic method (IC) has been studied to determine residual chlorine and
other anions in water simultaneously using a conductivity detector. It is based on the formation
of chloramine-T by the reaction of residual chlorine and a p-toluenesulfonamide aqueous solu-
tion, followed by the conversion of chloramine-T to cyanogen chloride with potassium cyanide.
Cyanogen chloride is then oxidized to cyanate ion at 25C for 10 min. Because cyanate ion
(pK. = 3.66) can be measured by IC with a conductivity detector, residual chlorine can be deter-
mined indirectly from the peak area of the cyanate ion. The cyanate ion is stable for 4 hours,
with no inferences from CI~, NOs~ or SOs’~. A linear relationship between the concentration
of residual chlorine and the peak area of cyanate ion was obtained in the concentration range of
0.02 to 2mg Cly 17", The relative standard deviation (RSD) was about 8.56% (n = 5) for 0.1 mg
Cl17'. The proposed method was applied to the determination of residual chlorine in tap
water and compared with diethyl-p-phenylenediamine (DPD) spectrophotometry. An excep-
tionally good agreement was obtained.

Keywords : ion chromatography; residual chlorine; anions; tap water;, p-toluenesulfonamide ;
chloramine-T'; potassium cyanide ; cyanogen chloride ; cyanate ion.
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TT7YVIy MEBETIX, Y4450 AR EG40 B E
L7z, BBERIKBL S ) Y A% % 1.0 ml min ' T
W L7z KEREA ) ¥ ABBEOBRER, 0~84123
mM, 8~1477i2 3~ 15 mM, 14~18.5 42 15 mM,
18.5~19 572 40 mM, 19~225 731240 mM & L7-. +
TL oy —IZERENBODO ASRSII 2 L7 A % —F )L E—
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EFRARER (Cl, 1000 mg17") . KEHEET F U
LU (ARMIEFE 12.1%) % 1.65mlidA D ELY, #Eaik
T 200ml 2 L72.

BFEEER (Cl10mgl™) : HHEEEEREE 1 ml B,
KT 100 mH 12 L 7=,

YT AEA T A (KCN) & (1%): KON 1.0 g %48
FEAR 100 mZHEP L. ShEBERTLCHW .

p-PVT L ANKR LT I FEHE (0.1%) : B L7 p-+
VIZANWEKZT I F01g ZBMAK 100 ml IZEH» L7

BMAKIZERKREIVRTRIYQIIRITELED
DEEHL.

2:3 TFERME

50ml DEET 7 A IR, BWHEBER 2mgl™") 25ml,
p-PV T ANA YT I FEHR (01%) 10ml % Ans.
SR T LA T LB (1%) 1ml 2 ARk, K
BRAL 7 ) 7 2 (10 mM) 5 ml # Ah, BHAKT 50 ml
295, HIZ25C O—BIRET 10 5 HEE L%, —
TEZ ICKEIEALMET 5. Fig. 1 ICRLAZFET
EETD.
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31 BEREBLEIOYTRISL
REORIGIZ, ROEBYTH5.

Cly + CH3CeHSOsNH;
—— CH;GH.SO.NHCHZ T35 3 > T)+HC (1)
7153 T+KCN — CGNCI (2)
CNCl+ OH™ —— CNO +ClI +H" (38)

BOSTHEEL72CNO™ & Clr 7 u= b 7J A% Fig. 2

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

o am L &, WAk, B AF s av N5 T4 -k BARPORBER LBOBA * v & ORBER 821
: 12.00
Residual chlorine (2mgi™ ) 25ml
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Determination
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Fig. 1 Analytical procedure
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Fig. 2 Chromatogram of cyanate ion

Cly solution (2 mg 17", 25 ml); Isocratic elution meth-
od; Column, IonPac AG17/AS17; Eluent, 10 mM
KOH;; Detector, Conductivity
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5, 8.52 5 ThHot. EELE CNO DY — 27 h SR8
HEERD-.

3:2 Y7 AEH V7L (KCN) HNE

WHEPEALY T VICBILT 27200 7 Vb Y7 4D
REEZWRDL 012, EFREER (Cl 2mgl™) 25ml
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ML, ERLZ CNO O — 27 HEICDOWTHE L7,
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CNO O —Z7HREIZ/NEDo72h, 05% R 1% Dk
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Fig. 3 Effect of potassium cyanide added

Cly solution(2 mg 17, 25 ml); Isocratic elution meth-
od; Column, IonPac AG17/AS17; Eluent, 10 mM
KOH ; Detector, Conductivity
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Fig. 4 Effect of pH values

(ChpH 12, (A)pH 11, (H)pH 10~ 10.5; Cl; solution
(2 mg 17", 25 ml); Isocratic elution method; Column,
TonPac AG17/AS17; Eluent, 10 mM KOH ; Detector,
Conductivity

57290, KCNBHEOBERFRNER, ZhFn1.0%
KU 1.0ml & L7

3:3 pHDE

WAL 7Ty T7 VA K VICERET 57200 pH O
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& (pH12 LA 1), 0.01 M KOH &% 5 ml i3 5354
(pH 11) KU KOH &M R L 2 vi& (pH 10~10.5)
IZDOWTCNO DY — 7 HBEERE L7z, #R% Fig. 4
RS, pH12 BLEIZLZ56E, 555D CNO ¥ -2
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Fig. 5 Stability of cyanate ion formed

Cl; solution (2 mg 17", 25 ml); Isocratic elution meth-

od; Column, IonPac AG17/AS17; Eluent, 10 mM
KOH;; Detector, Conductivity
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AHND.

3-4 BER{L#ED CNO DREM
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(1), MRS+~ (NOs™) RUHEEAS 4+~ (SO,°7) Dk
EREER L. BR% Fig 6 1RY. EEBHE (CNO™
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Fig. 6 Calibration curves

(H) CI”, (X) Cly, (&) SO, ((J) NO; ™ ; Gradient
eluent method ; Column, IonPac AG17/AS17; Eluent,
KOH ; Detector, Conductivity
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Fig. 7 Chromatograms of cyanate ion and anions

Gradient eluent method; Column, IonPac AG17/
AS17; Eluent, KOH; Detector, Conductivity
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Fig. 8 Relation of chlorine and chloride ion formed
from chlorine

Gradient eluent method; Column, IonPac AG17/
AS17; Eluent, KOH ; Detector, Conductivity
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Fig. 9 Determination limit of chlorine

Gradient eluent method; Column, IonPac AG17/
AS17; Eluent, KOH ; Detector, Conductivity ; Measure-
ment, 5 time repeated each concentration
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Fig. 10 Chromatogram of tap water

Gradient eluent method; Column, IonPac AG17/
AS17; Eluent, KOH ; Detector, Conductivity

ARG BRI A 4 IBEE L&, KPoEL A
T VBRERRDDLIENBULETHS. CNO  ZERTH L
ECEIA LB A & VIREE LIEFIRE L OBtk T Fig.
BITRTY. TR, WRBRELRIALLEMYA T ViR
BEoY— 7 HRiE—EOEMBEBRYED Y, Ak L 72EY
A% VIREIIEZRBRED 1235 TH 5.

3.7 BIEREE

HFBE (0.025~20mgl ) 25mlil, 23 DEER
R, 5D ELMEL, WEBELZRL. #R
% Fig. 913" T. 0.1mgl ' HERBWEZIRTERILL, 5
EARDRELMELZE ZOHSEERZE (RSD) % &
3.56% Tdh-o7z. £72, Fig. 9IIRT LT, EETHIHE
IEFORET0.02mgl ' Tho 7.

3.8 EHEOBIE

2:3 DEBRBIEIZHE, KEKHOKRRAER L OB A
* o EERER L.

yu< b7 L% Fig. 101273, %72, DPD BIBLE
ETKEKRPORGERLZERL, MEZHBLERE
Table 1 {277,

B, KEKALBIZEKENEL->TWA.

Table 1 Real samples analysis

IC DPD
- method” method
samples
clr/ NOs; / SO/ Cly/ Cly/ difference”,

mg 1™ mgl™! mgl1™ mg 1™ mgl1™! %
A-1 14.24 7.36 15.14 0.40 0.40 0.00
A2 14.08 7.08 15.02 0.40 0.40 0.00
B-1 22.59 11.15 32.69 0.24 0.24 0.00
B-2 21.76 11.52 32.565 0.28 0.29 —3.45
B-3 22.00 11.66 32.91 0.27 0.28 —3.57
B4 22.54 11.87 34.74 0.28 0.27 3.70

a )The samples are tap water from different water cleaning works; b) Gradient method ; c) Based on the DPD method
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EPAN

4 ¥ & ®

bl

AP p- P VTV ANKR YT I FBHETATOREE
FE7U7 I TICL, KCNBE@EMATCNCLIZT 5.
B, Wby 72y 7 VB4 IEBILT A LI L
D, BRMMCEERBEN X ICETKITORBEELTE
T&5.

BEBEEZ DT VBA T VICEBILT A OO RS
RDEBYTH D, EFLERE (2mgl ") 25 mliIx
LT, 01% p-b VTV ZANA Y7 I FEH 10 ml &40 2
5. TNIT, 1% KCNBHW 1.0 ml MMz 7%, 0.1 mM
KOH #E# 5 ml & Ah, BHMAT50mlicT 5. HIZ
25C T 10 4 HEHE L2 ICHETHIET 5.

RETKFOBRBEELMOBRA F > L ORBERNST
&5, E£72, BREBEEROBRE L DPD Wt LEEOKRE L
HEH L 3L Tni.

AR ERTHICH00, JHE THhVwAEZET LT
I EEBEMFRFTOREATFEEMEAR VL OBEAD
HACESBILBELLEFET.
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BRZEEMBEETHV Ay 7a<x 7574 — (I0) T, KhOKRBERLMBOBAL + L OFH
BEEEA R L, KhOBREEEL p- PV Y ANKY 7 I FERERSESE, EKLAZ27053I0T
Y7 AR T AEEEMA T T EL, Thaed 7 VEBA S VICB{ELCICEETHMT A2 L
WEh, REBFREPERTEL., EERLAZY T VEBEA L VI 4B ERET, hokAt v & +5i10%
MINZoT, FARERETES. BREEF0.02~20mgl ' OHEATER L=V 7 VBA 4+ O — 7 Hi&

ERIFEREEZRL, HEAREIZ 09999 TH 5.

REICEDEREEFE 0.1 mgl ' OMIEERZE

3.56% Thb. E72, ICERVIYVIFNp-T72=L V7 I (DPD) BNRE DS CTREAFOEREGHEFE

rERLHRE, I{—BLTVZ.
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