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In this study, data for increasing the efficiency of researcher manpower and establishing the validity of the
electrode method are presented via a comparative evaluation of the titrimetric and electrode methods for BOD
analysis. When comparing the analysis results of the titrimetric and electrode methods for wastewater, sewage,
and leachate, no difference was observed between two methods. Therefore, if the electrode method is used
instead of the titrimetric method, the amount of reagents for BOD analysis can be effectively reduced, resulting
in a decreaded workloads for analysts as well as the hazards and risks posed to them, ultimately. In addition,
the amount of acid wastes generated due to the use of sulfuric acid can be reduced, thereby reducing costs,

which is economically beneficial.
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Fig. 1. Percentage of wastewater, sewage, and leachate
samples (case).
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Fig. 2. Analysis procedure of DO (titrimetric method).
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Table 1. DO meter specification

US/HQ40D(HACH)
Dissolved Oxygen
Range 0.1-20.0 mg/L (ppm)
Dissolved Oxygen +0.1 mg/L for 0.1-8 mg/L
Accuracy +0.2 mg/L for greater than 8.0 mg/L
% Saturation 1.0%
Temperature Range 0-50°C
Temperature N
Resolution 0.1°C
Temperature +0.3°C
Accuracy
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Table 2. Quality assurance results
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Measured concentrations (mg/L)

Accuracy Precision

BOD lst 2nd 3rd 4th Sth 6th AVg. S.D (%) (%)

Titrimetric 5 3.5 3.5 3.6 35 3.6 3.56 0.06 89.0 1.63
method

Electrode 5 o 36 36 3.7 37 36 3.63 0.07 90.7 1.88

method
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Table 3. Workload analysis results

Required time per Annual number

Classification Required time (hr) Reference

session(hr) (case)
. Manganese sulfate solution,
Do ﬁ:eat;(z:ti;iagent 0.2 12 2.4 Alkaline potassium iodide, and
Titri . prep Sodium azide
g;?::;lc DO fixation and 01 421 2526 diluted samples (3)
subsequent process ’ ’ DI and “D2 set (2)
D1 and D2 d1]1.1t10n 0.05 421 21.05
water preparation
o Diluted samples (3)
Titration 0.03 421 75.78 DI and "D2 set (2)
Sum 351.83
Diluted samples (3)
leetrod Measurement 0.02 421 50.52 DI and “D2 set (2)
Electrode (Including Stabilization Time)
method

D1 and D2 dilution
water preparation

Total 71.57

*D1: DO of diluted(prepared) samples after standing for 15 min
D2 : DO of diluted(prepared) samples after incubation for 5 d

0.05 421 21.05
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Table 4. BOD results for the titrimetric and electrode methods

All Waste Sewage Leachate
N 421 195 166 60
Titrimetric method 116.2 198.5 42.7 51.8
(mg/L) (0.1~11436.7) (0.1~11436.7) (0.2~3729.2) (0.4~1083.7)
Electrode method 118.9 196.4 493 59.2
(mg/L) (0.0~10904.4) (0.0~10904.4) (0.1~4536.0) (0.3~1176.6)
Mean Conc. Ratio 1.0 1.0 1.2 1.1

p-value 0.957 0.983 0.854 0.802
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Fig. 3. Trend graphs of the titrimetric and electrode methods.
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Table 5. BOD results of the titrimetric and electrode methods by sample concentration (waste)

(0~30) mg/L (30~) mg/L
N 44
Titrimetric method (mg/L) 6.1(0.1~48.3) 859.1(17.4~11436.7)
Electrode method (mg/L) 6.0(0.0~29.1) 849.8(31.6~10904.4)
Mean Conc. Ratio 1.0
p-value 0.944 0.982
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Table 6. BOD results of the titrimetric and electrode methods by sample concentration (sewage)

(0~5) mg/L (5~) mg/L
N 94 72
Titrimetric method (mg/L) 2.0(0.2~5.8) 96.0(1.6~3729.2)
Electrode method (mg/L) 2.1(0.1~4.9) 111.1(5.0~4536.0)
Mean Conc. Ratio 1.1 1.2
p-value 0.684 0.854
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Fig. 6. Box-plots of the titrimetric and electrode methods by sample concentration (waste).
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Table 7. BOD results of the titrimetric and electrode methods by sample concentration (leachate)
(0~30) mg/L (30~) mg/L

N
Titrimetric method (mg/L)
Electrode method (mg/L)
Mean Conc. Ratio

10.2(0.4~24.6)
14.0(0.3~27.5)

15
176.8(10.2~1083.7)
194.5(30.4~1176.6)

1.1

p-value 0.024 0.868
(0~30) mg/L (30~) mg/L
30 1400
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Fig. 9. Trend graphs of the titrimetric and electrode methods by sample concentration (leachate).
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Fig. 10. Box-plots of the titrimetric and electrode methods by sample concentration (leachate).
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Table 8. Classification of the wastewater discharge facilities
Code Industry name for research facility =~ Number of samples (cases) Ratio (%)

1 Construction machinery metal 18 9.2

2 Hospital 9 4.6

3 Wash 8 4.1

4 Food and beverage 13 6.7

5 Wastewater treatment 30 15.4

6 Chemistry 68 349

7 Other 49 25.1

Table 9. BOD results of the titrimetric and electrode methods by industry

COHS‘[I‘}ICtiOIl . Food and Wastewatertrea .
machinery Hospital Wash Chemistry Other
metal beverage tment
N 18 9 8 13 30 68 49
Titrimetric method 5.5 165.6 29.7 79.3 249.7 30.5 536.5
(mg/L) (0.1~33.1)  (2.2~977.5) (3.4~107.1) (0.5~899.4) (0.1~3656.7) (0.4~430.1) (0.1~11436.7)
Electrode method 5.8 158.5 32.5 68.2 249.8 30.8 531.3
(mg/L) (0.0~29.1)  (1.9~903.8) (3.7~116.6) (0.6~765.6) (0.1~4038.0) (0.0~419.0) (0.1~10904.4)
Conc. Range 0.6~5.0 09~14 1.0~1.1 0.9~1.6 0.6~2.5 0.0~2.7 0.3~1.5
Ratio Mean 1.1 1.0 1.1 0.9 1.0 1.0 1.0

p-value 0.923 0.961 0.885 0.903 0.999 0.985 0.989
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Fig. 11. Trend graphs of the titrimetric and electrode methods by industry.
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Table 10. BOD results of the titrimetric and electrode methods for samples exceeding the emission limit

All Waste Sewage Leachate
N 32 11 17 4
Titrimetric method 346.8 632.4 125.0 504.3
(mg/L) (24.9~2894.8) (48.8~2894.8) (24.9~424.2) (241.6~1083.7)
Electrode method 347.2 608.7 135.4 528.3
(mg/L) (25.8~2809.5) (51.3~2809.5) (25.8~457.5) (228.9~1176.6)
. Range 0.9~1.2 0.9~1.1 0.9~1.2 0.9~1.1
Conc. Ratio
Mean 1.0 1.0 1.1 1.0
p-value 0.998 0.945 0.812 0.938
All Waste
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Fig. 13. Trend graphs of the titrimetric and electrode methods.
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