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Rapid and simple determination of chemical oxygen demand (COD) with
potassium permanganate as an oxidizing agent by a flow-injection
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A rapid and simple spectrophotometric determination method for chemical oxygen demand
in water samples was developed using a flow-injection method. The detection method is based
on the permanganate oxidation reaction accelerated by a catalyst. A platinum tube reactor was
installed after the merging point of a carrier and a reagent stream as a catalyst and a reactor coil,
and was heated at 95C by an aluminum heating block. By using the platinum tube reactor (0.5
mm i.d. X 3 m), a standard sample, D-glucose, was measured within a few minutes, and the cali-
bration graph was linear from 0 to 100 ppm of COD (b-glucose); the detection limit correspond-
ing to S/N =3 was 0.01 ppm. The relative standard deviations for 5, 10, 50 and 100 ppm of
COD (p-glucose) were 0.9, 0.8, 0.8, 0.5 and 1.4%, respectively. The proposed FIA system can be
applied to waste water or can be used as a monitor of COD.

Keywords : chemical oxygen demand; FIA; spectrophotometry; platinum catalyst; potassium

permanganate ; waste water.
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Fig. 1 FIA system for the determination of chemical
oxygen demand

RS: reagent solution (KMnO, t+ H:SO4 + HsPOy); C:
carrier (HoO); P: pump (carrier: 0.3 ml min '; rea-
gent solution: 0.3 mlmin '); S: sample(200 pl); RC:
reaction coil (Pt 0.5 mmi.d. X 3 m); CC: cooling coil
(0.5 mmi.d. X Im); D: detector (525 nm); REC: re-
corder; BPC: back-pressure coil (0.25 mm i.d. X 1 m);
W: waste
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Table 1 Examination of effect of various catalysts

Catalyst

Contact in reaction liquid

Reaction coil

Manganese (II) ion
Platinum wire
Palladium wire
Platinum tubing

5% 10"° M manganese sulfate was added in reaction reagent
Pt wire (3 mm o.d. X 3 m X 2) was inserted in a PTFE tube
Pd wire (3 mm o.d. X 3 m X 2) was inserted in a PTFE tube
Pt tube (0.5 mm i.d. X 1 m) was used as a reaction coil

PTFE tubing (0.5 mm i.d. X 3 m)
PTFE tubing (0.5 mm i.d. X 3 m)
PTFE tubing (0.5 mm i.d. X 3 m)
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Fig. 2 Reproducibility and reactivity test with various
catalysts

(a) Without Catalyst, b-Glucose/100 ppm; (b) with
Mn®" , p-Glucose/30 ppm; (c) platinum wire, D-
Glucose/30 ppm; (d) palladium wire, D-Glucose/30
ppm; (e) platinum tube, D-Glucose/30 ppm
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Fig. 3 Effect of the concentration of potassium per-
manganate on the reactivity of the oxidation reaction

HySO, concentration: 0.9 M
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Fig. 4 Effect of the concentration of sulfuric acid on
the reactivity of the oxidation reaction

KMnO, concentration: 1 X 10 *M
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Fig. 5 Effect of the temperature of the aluminum
block bath on the reactivity of the oxidation reaction
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Fig. 6 Effect of the length of reaction coil on the
reactivity of the oxidation reaction

(a) Pt 0.b mmi.d.X 3 m; (b) Pt ]l mmi.d.X Im; (c) Pt
0.5mmid. X 1.5m
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Fig. 7 Flow signals for COD determination

COD (p-Glucose), ppm: a, 5; b, 10; ¢, 20; d, 50; e,
100
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Fig. 8 Flow signals for COD determination of practi-
cal samples (pond water)
COD (p-Glucose), ppm: a, 0; b, 5; ¢, 10;d, 20; e, 50;
A~D: practical samples

Table 2 Determination of chemical oxygen demand
in pond water

This method Other method”
Sample coDp?/ RSD”, COD/
ppm % ppm
A 2.38 1.5 4.27
B 2.52 2.9 4.5
C 2.99 1.2 4.48
D 15.81 0.9 40.5

a) Mean values of six determinations; b) Relative standard
deviations of six determinations; c) Values obtained by the
method used in reference(1).
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