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Measurement of Oxygen Demand (COD)

Normative COD Methods Introduced Measuring Chloride Temp Time
Examples last update ranges tolerance

� Open refluxion and titration
– ISO 6060 1989-11 30 to 700 mg/l 1000 mg/l 148 ± 3°C 10 + 110 min

– APHA 5220 B 22th ed 50 to 900 mg/l no information no information 2h

– EPA 410.2 1978 5 to 50 mg/l no information no information 2h

– EPA 410.1 1978 > 150 mg/l 2000 mg/l no information 2h

– EPA 410.3 1978 250 to 800 mg/l 4000 to 20000 mg/l no information 2h
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– DIN 38409 H41-1 (+ -2) 1980-12 15 to 300 mg/l < 1000 mg/l (>1000 mg/l) 148 ± 3°C 10 + 110 min

– DIN 38409 H44-1 (+ -2) 1992-05 5 to 50 mg/l < 300 mg/l (> 300 mg/l) 152 ± 3°C 2h

� Closed refluxion and titration
– APHA 5220 C 22th ed 40 to 400 mg/l no information 150 ± 2°C 2h

– ISO 15705 2002-11 to 1000 mg/l 1000 mg/l 150 ± 5°C 2h ± 10 min

� Photometric analysis
– ISO 15705 2002-11 to 50 mg/l 1000 mg/l 150 ± 5°C 2h ± 10 min

– ISO 15705 2002-11 to 150 mg/l 1000 mg/l 150 ± 5°C 2h ± 10 min

– ISO 15705 2002-11 to 1000 mg/l (1500 mg/l) 1000 mg/l 150 ± 5°C 2h ± 10 min

– APHA 5220 D 22th ed to 90 mg/l no information 150 ± 2°C 2h

– APHA 5220 D 22th ed 100 to 900 mg/l no information 150 ± 2°C 2h

– EPA 410.4 (manual) 1978 20 to 900 mg/l no information 150°C 2h

– EPA 410.4 (automated) 1993-08 3 to 900 mg/l no information 150°C 2h



The concentration of the unconsumed yellow Cryellow Cr 22OO77
22–– ions is determined photometrically. 

This method gives the calibration curve a negative gradient. This is the case for the 
following five items: 

- 1.14560.0001 4.0 – 40.0 mg/l 340 nm
- 1.01796.0001 5.0 – 80.0 mg/l 340 nm
- 1.14540.0001 10 – 150 mg/l 445 nm

Photometric determination of COD means 
two different methods (principles)
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- 1.14540.0001 10 – 150 mg/l 445 nm
- 1.09772.0001 (Hg free) 10 – 150 mg/l 445 nm
- 1.14895.0001 15 – 300 mg/l 445 nm
- 1.14690.0001 50 – 500 mg/l 445 nm

The concentration of the green Crgreen Cr 3+3+ ions is determined photometrically. This method gives 
the calibration curve a positive gradient. This is the case for the following four items:

- 1.14541.0001 25 – 1500 mg/l 605 nm
- 1.09773.0001 (Hg free) 100 – 1500 mg/l 605 nm
- 1.14691.0001 300 – 3500 mg/l 605 nm
- 1.14555.0001 500 – 10000 mg/l 605 nm
- 1.01797.0001 5000 – 90000 mg/l 605 nm

Both methods corresponds to ISO 15705 and are analogous to EPA 410.4 +APHA 5220 D.



� Minimise the handling of toxic chemicals by laboratory staff:
- The ISO 6060 (open refluxion and titration) is using toxic reagents like

� Potassium dichromate
� Mercury sulfate
� Silver sulfate
� Sulfuric acid 

Reasons why the ISO 15705 was 
established
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� Sulfuric acid 

- These reagents must be very carefully handled from the laboratory staff.

� The same above reagent are used in the cell tests but in a closed tube!
� Minimise toxic waste

- The quantity of used reagents from COD Cell Tests according 
ISO 15705 in comparison with the ISO 6060 is about 10 times less!



Spectroquant ® - Less toxic waste!

800 mg

300 mg

58.8 mg 31 ml

130 ml
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Waste 
volume

Mercury-
sulphate

Silver-
sulphate

Potassium-
dichromate

Sulphuric
acid

COD Cell test
Merck 1.14540

COD Standard 
method ISO 6060 
(open reflux, titrimetric)

88 mg 21 mg 6 mg 3.1 ml 6 ml



�Many users are already using the COD Cell Tests

- COD Cell Test are worldwide used for the control of i.e. waste water.

Reasons why the ISO 15705 focused on 
commercial available cell tests
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- The COD Cell Tests are giving good results and they are available in 
a high quality from different suppliers

The idea of the ISO 15705 was to use 
commercial available cell tests which have been 
on the market already !!!
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Conclusion: the results from titration and COD cell tests are comparable



Statistical data from the ring trial used from 
the ISO 15705
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What are the Chloride levels which doesn’t  interfere at the today's portfolio? 

� The tolerated chloride levels depends on the measuring ranges:
– COD Measuring Sample Chloride tolerance which item#

ranges volume doesn’t interfere

– 4.0 – 40.0 mg/l 3.0 ml 2000 mg/l 1.14560.0001

Existing Spectroquant ® COD Cell Tests for 
water and wastewater analysis from MM
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– 4.0 – 40.0 mg/l 3.0 ml 2000 mg/l 1.14560.0001

– 5.0 – 80.0 mg/l 2.0 ml 2000 mg/l 1.01796.0001

– 10 – 150 mg/l 3.0 ml 2000 mg/l 1.14540.0001

– 15 – 300 mg/l 2.0 ml 2000 mg/l 1.14895.0001

– 50 – 500 mg/l 2.0 ml 2000 mg/l 1.14690.0001

– 25 – 1500 mg/l 3.0 ml 2000 mg/l 1.14541.0001

– 300 – 3500 mg/l 2.0 ml 2500 mg/l 1.14691.0001

– 500 – 10000 mg/l 1.0 ml 5000 mg/l 1.14555.0001

– 5000 – 90000 mg/l 0.10 ml 50000 mg/l 1.01797.0001
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� We have nine different measuring ranges available, plus two mercury free COD 
Cell Tests

- Select the range according to the customers requirements from the samples

- Avoid dilution because this increases the error

How to choose the correct measuring 
range for COD?
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- Avoid dilution because this increases the error

� The absolute error depends on the measuring range, as shown on next page

� Just by choosing the correct range, the error can be minimized

� Be aware that
- Smaller quantities (e.g. 0.10 ml) require a homogenous sample. A proper sample preparation

therefore is essential.

- For quantities below 1.0 ml a proper micro pipette is required too. A glass pipette with a size of 1.0 
ml and a 0.1 ml graduation is not sufficient enough to add 0.10 ml of volume precisely.

- A  micro pipette is also required when adding reagent 2 from CombiCheck (also 0.10 ml volume).



500 – 10000 mg/l

300 – 3500 mg/l

25 – 1500 mg/l

± 1321 mg/l

± 70 mg/l

± 30 mg/l

5000 –
90000 mg/l

± 150 mg/l

accuracy

Quality data for the different COD measuring ranges
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For estimation:
The maximum 
error is 3 to 5% 
in the mid range 

of each test

50 – 500 mg/l

15 – 300 mg/l

10 – 150 mg/l

4.0 – 40.0 mg/l

± 13 mg/l

± 8 mg/l

± 7 mg/l

± 1.5 mg/l

50.000 90.00080

5.0 – 80.0  mg/l ± 1.5 mg/l



What kind of data can you find on the 
Spectroquant ® lot certificate?

�First 
page
− Contains the 

comparison of 

① ②

①
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comparison of 
the target values 
and measure 
values

�Second 
page
− Contains the 

comparison of 
the concentration 
and absorbance 
values

②



The left picture shows all 
relevant lot specific data to 
identify the QC data 
belonging to the item#. 
� Name of the test kit

What kind of data can you find on the 
Spectroquant ® lot certificate?
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� Item #

� Measuring range

� Lot #

� Expiry date

� The used standard

� The reference photometer

� The used wavelength

� The cell diameter

� The analyst

� The date of analysis

� The file name for download from 
Internet
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The left picture shows the lot 
specific comparison

� Page 1
– Contains the comparison of the target 

values and the measured values.

What kind of data can you find on the 
Spectroquant ® lot certificate?

Target value
Standard
mg/l COD

Results
Standard
mg/l COD

Concentration
Standard
mg/l COD

Absorbance

25 14 25 0,021

190 182 190 0,121

page 1 page 2
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values and the measured values.

� Page 2
– Contains the comparison of the 

concentration and the absorbance 
values 

� Why is this information important 
for customers?
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190 182 190 0,121

350 340 350 0,215

510 501 510 0,311

675 659 675 0,408

840 827 840 0,508

1.005 992 1.005 0,608

1.170 1.166 1.170 0,716

1.335 1.325 1.335 0,806

1.500 1.483 1.500 0,902

1145410001_HC122887_EN



The certificate of quality show the 
background of our norms we follow for the 
calibration. 

It is describe as following

� The characteristic data of the 

What kind of data can you find on the 
certificates of quality from Spectroquant ®?
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� The characteristic data of the 
procedure of the following test kit were 
determined in accordance with ISO 
8466-1 and DIN 38402 A51 
”Calibration of analysis methods” 
during the production control process.

� Additionally data like sensitivity, LLD, 
MDL and accuracy are supplied.

� The certificates of quality are 
authorized by the head of the R&D lab.
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The certificate of quality 
summarize all important lot 
data.

� The CoQ shows the 
quality of our production 

What kind of data can you find on the 
certificates of quality from Spectroquant ®?

Measuring range 25 – 1500 mg/l COD

Sensitivity: 0.010 A (absorbance) = 17 mg/l COD

Lower Limit of Detection (LLD) 6.9 mg/l COD
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quality of our production 
and gives and 
information about how 
precise are the test kits 
on the long term and 
what is the typical 
deviation customers can 
expect.

� This example summarize 
the last 56 lots from ~ 10 
years.
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Lower Limit of Detection (LLD) 6.9 mg/l COD

Method Detection Limit (MDL) 18 mg/l COD

Confidence Interval (P = 95 %) 
(average value of lots) ± 13 mg/l COD

Standard Deviation of the Method
(average value of lots) ± 5.2 mg/l COD

Variation Coefficient of the Method
(average value of lots) ± 0.68 %

Number of Lots for calculation 56

Accuracy ± 29 mg/l COD



During the development of a new test or method the following characteristic 
statistics are measured or determined:
� Lower Level of Detection (LLD) according to APHA 1030 C

� Method Detection Level (MDL) according to APHA 1030 C

� Sensitivity = slope (b) measure or calculate per definit. of  ISO 8466-1

What norms are we following during the 
validation of a Spectroquant ® method
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� Sensitivity = slope (b) measure or calculate per definit. of  ISO 8466-1

� Calculate blank a = reagent blank = according to ISO 8466-1
ordinate segment (E0)

� Confidence Interval VB (P = 95 %) according to ISO 8466-1

� Standard deviation of the method (Sxo) according to ISO 8466-1

� Coefficient of variation of the method (Vxo) according to ISO 8466-1

� Accuracy (A) own calculation (confidence interval plus 

the estimation of the blank value error)

� Precision of the results according the APHA 1020 B

� Recovery rate in % according the APHA 1020 B

� Measuring range (working range) according to the ISO 8466-1

17



ISO 15705: Nov. 2002 –
the first ISO norm for Cell Tests - COD

� ISO 15705 was 
established in Nov. 
2002.
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� ISO 15705 is the first 
norm describing the 
use of commercially 
available COD cell 
tests .



ISO 15705: Nov. 2002 –
the first ISO norm for Cell Tests - COD

� Merck certificate of 
conformity covers 
all our COD
measuring ranges .
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measuring ranges .
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