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Measurement of Oxygen Demand (COD)

Examples

Normative COD Methods Introduced
last update

Open refluxion and titration
ISO 6060 1989-11
APHA 5220 B 22t ed
EPA 410.2 1978
EPA 410.1 1978
EPA 410.3 1978
DIN 38409 H41-1 (+ -2)  1980-12
DIN 38409 H44-1 (+ -2)  1992-05

Closed refluxion and titration
APHA 5220 C 22t ed
ISO 15705 2002-11

Photometric analysis
ISO 15705 2002-11
ISO 15705 2002-11
ISO 15705 2002-11
APHA 5220 D 22t ed
APHA 5220 D 22t ed
EPA 410.4 (manual) 1978
EPA 410.4 (automated) 1993-08

Measuring
ranges

30 to 700 mg/l
50 to 900 mg/I
5to 50 mg/I

> 150 mg/l

250 to 800 mg/l
15 to 300 mg/l
5to 50 mg/I

40 to 400 mg/I
to 1000 mg/l

to 50 mg/Il
to 150 mg/I

to 1000 mg/l (1500 mg/l)

to 90 mg/l

100 to 900 mg/I
20 to 900 mg/I
3 to 900 mg/l

Chloride
tolerance

1000 mg/l
no information
no information
2000 mg/I

4000 to 20000 mg/l
< 1000 mg/l (>1000 mg/l)
< 300 mg/l (> 300 mg/l)

no information
1000 mg/l

1000 mg/l
1000 mg/l
1000 mg/l
no information
no information
no information
no information

Temp

148 + 3°C
no information
no information
no information
no information
148 + 3°C
152 + 3°C

150 + 2°C
150+ 5°C

150 £ 5°C
150 £ 5°C
150 £ 5°C
150 £ 2°C
150 £ 2°C
150C

150C

Time

10 + 110 min
2h
2h
2h
2h
10 + 110 min
2h

2h
2h £ 10 min

2h + 10 min
2h + 10 min
2h + 10 min
2h
2h
2h
2h
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Photometric determination of COD means
two different methods (principles)

The concentration of the unconsumed lons 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/I 445 nm
- 1.09772.0001 (Hg free) 10 — 150 mg/I 445 nm
- 1.14895.0001 15 — 300 mg/I 445 nm
- 1.14690.0001 50 — 500 mg/I 445 nm

The concentration of the green Cr 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/I 605 nm
- 1.14691.0001 300 — 3500 mg/I 605 nm
- 1.14555.0001 500 — 10000 mg/I 605 nm
- 1.01797.0001 5000 — 90000 mg/I 605 nm

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

3




Reasons why the ISO 15705 was
established

= 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

- 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!
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Spectroquant ® - Less toxic waste!

300 mg 130 ml
58.8 mg 31 ml
800 mg
88 mg 21 mg 6 mg 3.1ml 6 mi
] ] ] ] —
Mercury- Silver- Potassium- Sulphuric Waste

sulphate sulphate dichromate acid volume

S

s

COD Standard
method ISO 6060

(open reflux, titrimetric)

B COD Cell test
Merck 1.14540
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Reasons why the 1ISO 15705 focused on \
commercial available cell tests

» Many users are already using the COD Cell Tests

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

- 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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Ring trial data for ISO 15705
titration method — ) Cell Tests - Spectroquant ©

Comparison: titration method (18 results) — Cell Tes  ts (135 results)
two Merck laboratories (8 results) using Spectroqua nt®

B Xref B ISO 6060 OCell Tests @ Spectoquant

1000 gso 851
800 753 853 848
730
800 676
Industrial effluent
559 |
600 T TS
Sewage works 265 -
final effluent
400 3483472
120122 145 149 105 130_124
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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

Table G.1 — Summary of results of interlaboratory trial using the small-scale sealed-tube ST-COD method
Sample r M MHAP Xes T Rec SDr W SDR CWR

Sewage Works Final Eflusnt 1 35 136 5. 52 46 2 —_ .83 2. 40 T.4T 16,18

KHPF 20 35 135 5,93 20 21,1 105,4 362 1717 4 32 20,52

Industrial Efflu=snt 1 32 124 4. 03 355 2 —_ 9. 03 2,49 16,59 4 54

KHPF 550 i 123 12,20 8BS0 851.1 100,11 10,27 1.2 14 85 1,75

KHPFP 20 =+ chloride 1 000 35 131 5,11 Pl 30,3 151,£ 4 22 12 94 5,48 25,00

Industrial Efflusnt 2 32 124 T 26 558,85 — 10,11 1,81 39,01 5,98

KHP 120 a5 136 4 41 120 1221 101,7 .54 2,90 5,03 4 12

Industrial Efflusnt 3 35 136 1.47 1050 — 3,94 2,76 T.B3 7,27

KHPF 20 + chloride 2 000 33 127 0,47 20 368 3 11,7 5,65 15 63 10,52 25,06

Sodium acstate 130 35 136 515 130 1240 95,4 4.08 3.29 5,40 5,17

Sewage Works Final Effluent 2 32 132 7,58 1£5 6 —_ 5 74 2,54 10,36 711

Sodium acstate 500 32 124 3,23 S00 T53.2 94 2 11,88 1.55 45 189 5,13

Ky

r iz the number of laborataries (for this level)

M iz the number of values

MNa P s the percentags of outliers;

e iz the reference value, in milligrams per litre;

a iz the total mean value, in milligram= per litre;

Rec is the recovery, in percent;

=Dr = the repsatability standard deviation, im milligrams per litre;

T i= the repeatability coefficient of vanation, in percent;

SDR s the reproducibility standard dewviation, in milligrams per litre

CWIR i= the reproducizility coefficient of variation, in percent

KHF i=s potassium hydrogen phthalate.

MNOTE All KHFP and sodium acsetate concentraticns given in the sample column are in milligrams per itre ST-CO0D. ANl chlonde

concaentrations given im the sample column are in millgrams per litre of chioride.

MERCK MILLIPORE
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Existing Spectroquant ©® COD Cell Tests for
water and wastewater analysis from MM

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 3.0ml 2000 mg/I 1.14560.0001
5.0-80.0 mg/l 2.0 ml 2000 mg/I 1.01796.0001
10 — 150 mg/I 3.0ml 2000 mg/I 1.14540.0001
15 — 300 mg/I 2.0 ml 2000 mg/I 1.14895.0001
50 — 500 mg/I 2.0 ml 2000 mg/l 1.14690.0001
25 — 1500 mg/l 3.0ml 2000 mg/I 1.14541.0001
300 — 3500 mg/I 2.0 ml 2500 mg/l 1.14691.0001
500 — 10000 mg/I 1.0 mi 5000 mg/I 1.14555.0001

5000 — 90000 mg/l 0.10 ml 50000 mg/l 1.01797.0001
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How to choose the correct measuring
range for COD?

= \WWe 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

» 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).

10
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Quality data for the different COD measuring ranges

accuracy

5000 -
500 — 10000 mg/I + 150 mg/I
300 — 3500 mg/| + 70 mg/|
25 — 1500 mg/l + 30 gl
15 — 300 mg/l For estimation: + 8 mg/l
The maximum

10 — 150 mg/l error is 3 10 5% +7 mgl

in the mid range
5.0—80.0 mg/l of each test +1.5mg/l
4.0 — 40.0 mg/l + 1.5 mg/I

4
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What kind of data can you find on the
Spectroquant ® lot certificate?

Chargenzertifikat
Lot Certificate / Certificado del lote

L M

Spet:lmquams CSB-Kiivettentest

S|:na{:lm:]uams COD Cell Test ! S|Jec1r0quamz Test en cubetas DQO

[Arthr. 1 Cat N,/ Art. Nro. 1.14541.0001

n=10

Masabarsich
Maasuring Rangs | Intsrvalo s medids

Soltwert MeEEarEDnis
Targetvalue | Resuit | Resultado
Valor nominal | [Standard! Patron)

{Standard / Patran) mph
mg CSECONMA0| CSBICODDRO

[Charge-Hr_{ Lot no.  Lot= nro.

[Varwsnabarksit
Expiry dhafe | Fecha ds canucidad

|sianoara [ stancara 1 Paron

|Pnatometer ! Protometer | Fotomstro
F

1 Longitus 0s onds

[Rirvette | caill cubets

Prilfer | Teater | Veriicaoor

Dafum | Dats | Fecha

Dafal I Flls | Fichero

Kallbrierfunikiion / Callbraion Function / Funcion de callbracion
DIN 38402 251 1 150 54851

Lot valus
Valor del lote

Tubag DINGVSTL | Tusagent DIank | Valor on Dianco 06l 18acl_+- TOIGrance | Tolranca

[VerTausnabansich (357 Wanrachanichiai))

Confidential Intsrval P=35%) / Intsrvalo o conflanzs (35 % de M

[Varfahrensstandardabwelchung

Standard Deviation of the Method | Desviacion sstandar del procecimiento ’
s

|vanation cosmcient of the Metnod ! Cosncients 08 varacion el 0

1500

h

1200

Qualititskontrolle
Quality control / Control de calidad
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o 300 00 200 1200 1500
Solwert / Target value / Valor nominal {mg/l)
Merck KGaA

LK -
Laborleiter / Head of Lab.
Jefe de laboratorio

Chargenzertifikat
Lot Certificate / Certificado del lote

@ M

Spectroquant® CSB-Kiivettentest

Spectroquam° COD Cell Test !/ S\JECI[OQ[I{!I]IZ Test en cubetas DQO

[ArtNr_{ Cat No.J Art Nro. 114541 0001

Messbersich
Maasuring Rangs | intervalo ds medida

Konz [ Conc.
{standard  Patron)
mg CSRICODMaD|

[Charge-r. | Latno. | Lot nvo.

[Varwendbarkstt
Expiry thats | Facha 8 canucidsd

[Sfandard [ Sangard T Fairon

Phatometer | Photometer | Fotomstro

[Welleniangs [ { Longitud s onds
Kilvelis | Call | Cubsta

1.3

Prilfar | Taatar | Verincador
Datum  Date | Fecha
Daiel ! Ale | Fichero

500

Kallbrisrfurikion / Calibrafion Function ! Funcion o6 callbracion Soiwert
DIN 38402 £51 180 84881 Target valus

Steigung | Slops | Pendisnts - Tolranca [ Tolsrancia

Valor nominal

1 Ordinats sagment / Infersacto en orisnadas

Reag blindwert | Reagent DIank | Valor en Dianco 05 18act_+i- Tolerance | Tolsranda

(VETEUGrEDarSlCh (357 WanMBChsiniChRa)
Confdentlal Intsrval [P=35%) [ Intervalo de conflanzs (35 % de

(VaranrensstandaraaDwelchung
Standard Daviation of the Method | Desviacion sstandar del o

|Varlation Cosficient of the Method | Cosficisnts de variacion del p

1,000

ion E

2
8

:
R

fﬁ.a"’

B

Extinkton E J Absorbancs A Exting
L 2 L L
8

2
8

o 300 800 goo

Konzentration / Concentration / Concentracién (mgl)

1200 1500

Qualititskontrolle
Quality control / Control de calidad

Merck KGaA

T S,
Laborleiter / Head of Lab.
Jefe de laboratorio

"First
page @

— Contains the
comparison of
the target values
and measure
values

=Second
page

— Contains the
comparison of
the concentration
and absorbance
values

MERCK MILLIPORE
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What kind of data can you find on the

Spectroquant ® lot certificate?

Spectroquant® CSB-Kiivettentest

Spectroquant@ COD Cell Test/ Spectroquantﬁ' Test en cubetas |

Art.Nr. ! Cat.No. / Art. Nro.

1.14541.0001

Messhereich
Measuring Range / Intervalo de medida

Charge-Nr. / Lot no. / Lote nro.

HC 122867

Verwendbarkeit
Expiry date / Fecha de caducidad

Standard / Standard / Patron

Potassium hydrogen phthalate 1.02400

Photometer / Photometer / Fotometro

Referenz / Reference / Referencia

Wellenlange / Wavelength / Longitud de onda 605 nm

Kiivette / Cell / Cubeta 16 mm (rund / round / redonda)
Priifer | Tester | Verificador Hr. Maly

Datum / Date / Fecha 27.06.2011

Datei ! File | Fichero

1145410001_HC122887_EN
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The left picture shows all
relevant lot specific data to
identify the QC data
belonging to the item#.

= Name of the test kit

= Jtem#

» 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

MERCK MILLIPORE
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What kind of data can you find on the

Spectroquant ® lot certificate?

page 1 page 2
Target value | Results | Concentration
Standard | Standard Standard Absorbance
mg/l COD | mg/l COD| mg/l COD
25 14 25 0,021
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

The left picture shows the lot
specific comparison
= Page 1

— Contains the comparison of the target
values and the measured values.

= Page 2

— Contains the comparison of the
concentration and the absorbance
values

= Why is this information important
for customers?

1145410001 HC122887 EN

14
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What kind of data can you find on the
certificates of quality from Spectroquant  ®?

15

Qualitatszertifikat

Cartificate of quality « Certificado de calidad

I
" MERCK

Eignung der Spectroguant™ Testsatze zur Selbstiberwachung
Applw-dnlrlyﬂfﬁpectoquanf Test Kits for Seif-Monitoring.

Aplitud de los equipos de ensayo Spectrogquant™ para autovigilancia

Dile Verlahrensienndaten fiir den unfen gerannien Tesisaiz wurden pemdR 830 B466-1 und DIN 38402 AS1

"Kalorerang won Analysenverahren® bel der Froduxbonsandionirose st

The characlensSc data ol the procedurs of Bve Tolawing st kb were deiemmined in accordance with 150 2458~
_'r-d DIN 38202 AST "Cafbrafon of amafysis —e"hnu during the prodaction confroi process.

rﬂm:'- \. :l!..ne-:l""HI !\II.J"J ENZNyT abajD Cado o

:—6 1 i DM 38402 AS1 “Calbradon de procedimisefios ansifices” duranis &

onirod fina g producci

p;::eq:ilcquaﬂt"CE B-Hivettentest, Art -Nr. 1.14541
Spactroquant® COD Cell Test, Cat. No. 1.14541
Spectroquant” Test en cubsetas DG, Art Mom. 1.14541

& EterTinarn o ; =0

|deccbereloh ! Weacuring Range ! inisrvaio de madida

2 — 1500 mgh CEE/COD |
ju_ra]

BORE( in) =

ltm‘y U019 A {abcorbanos) =
s neibilidad: 0.010 & tsbsorbanota) =

17.mg CEE ./ COD / DED

[ea nhwlmm
Lowar Limit of Detecticn {LLD)
|L it o dsisoaton

6.3 mpil CEE /| COD F DD

[Eectimmungegrenze
Wairod Defsotion Limit (MOL)
Limifie de determinacion

8 mgi C&B ! COD 7 DoD

[t 5 % Bty (A=t alier Chanpen)
[Confidenoe Inferval (P = 86 %} iawerage vaiue of lotz]

intenvala o sanfanzs {36 % 08 prebabiiced) (valor mego 98 15005 ©5
otes

1 13 mgd C26 / COD /D@0

1 afler Changen)
|Etandard Daviation of the Method isversgs value of ez
|Desvisolon setindar ded prossdimisnts lvaicr medio g todos los otes

1 52 mgd CEE/ GOO ! DRD

Vartahrensvanationckoarmzent (M maiwert alar Chargen)

ormero de doles de produgolin para & ca

[variation CoafMolent of the Method (average vaiues of ioks) +0EE%
|Goeflolents de variaokén da procedimlendo (valor medc o= odos o ioles!

|anzani Freduktionsshargen = Eerschnung

Mumbar of Lote for calousation =5

i caicuin
|3eraulghatt ¢ Aogurssy | Exsctitud

2 28 mpA CSE/ COD /DGO

lderck KiGaA, Darmetadt, 20.05.2041

’?_w‘d{, L

Rt ORt

Merck KiGaA, 84271 Dammnstadt, Germamy

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
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.




w
I
o
a
3
&
z
X
o
3
w
z

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

The certificate of quality
summarize all important lot

Measuring range 25 — 1500 mg/l COD data.

Sensitivity: 0.010 A (absorbance) = 17 mg/l COD = The CoQ shows the

Lower Limit of Detection (LLD) 6.9 mg/l COD quality of our production

Method Detection Limit (MDL) 18 mg/l COD and gives and

Confidence Interval (P = 95 %) +13 ma/l COD 'nformatlon about hOW

(average value of lots) =1smg precise are the test kits

Standard Deviation of the Method + 5.2 ma/l COD on the long term and

(average value of lots) =My what is the typical

Variation Coefficient of the Method £ 0.68 % deviation customers can

(average value of lots) - 0 expect

Number of Lots for calculation 56 . .

A »= This example summarize
ceuracy + 29 mg/l COD the last 56 lots from ~ 10

years.

16
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What norms are we following during the

validation of a Spectroguant

® method

During the development of a new test or method the following characteristic

statistics are measured or determined:

17

Lower Level of Detection (LLD)
Method Detection Level (MDL)
Sensitivity = slope (b)

Calculate blank a = reagent blank =
ordinate segment (E)

Confidence Interval VB (P = 95 %)
Standard deviation of the method (S,,)
Coefficient of variation of the method (V,)
Accuracy (A)

Precision of the results
Recovery rate in %

Measuring range (working range)

according to APHA 1030 C

according to APHA 1030 C

measure or calculate per definit. of ISO 8466-1
according to ISO 8466-1

according to ISO 8466-1

according to ISO 8466-1

according to ISO 8466-1

own calculation (confidence interval plus
the estimation of the blank value error)
according the APHA 1020 B

according the APHA 1020 B

according to the 1SO 8466-1
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ISO 15705 Nov. 2002 — \
the first ISO norm for Cell Tests - COD

18

INTERNATIONAL 150
STANDARD 15705

Water guality — Determination of the
chemical oxygen demand index
{(ST-COD) — Small-scale sealed-tube
method

Dalte o Many - Ditermdrstinn Oa Indes o dermants chimiyus =T
e (S T-CT 00— fittore & cel v Scties o s fenms

= |SO 15705 was
established in Nov.
2002.

= |[SO 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

Certificate
ISO r::anf::T:ty of Mercmb;jo[i C.;ell Tests L\T n Merck Certlflcate O.I:
Ly R conformity covers
G ESs all our COD
e measuring ranges .

Herety we confm, thal e above mentioned Marck SO0 Cell Tests fuly comgly with
IS0 15705

Water gualily — Detesmination of the chemical oxygen demand Index
{(ST-C00) — Smal-scale seaed-iube method

150 15705 Merch
Reagens POlESSUT dohyomas Potassilm gichromats
METCUTY SUlTae WLy SUialE
Silver sutate Sireer suitats
Suburic acid Suiuric add
Digesion 150°Cz5°C WMECE3C
bemiperaiune
Digesstion bme 1202 10 min 120 min
Wavslength and | to 50 mgil O, 348+ 20nm | 40— 200 mgA O, 340 nem
MEESUNNY range E.0—80.0 mgd Oy 340 nen
for photometnc to150mgiC: 440+ 20nm | 10— 150 mgid 02 445 nm
determination 15 — 300 Mg Os 445 ren
50— 500 mg Oy 445 nem
o 1500 Mg1 0: G600+ 20nm | 25— 1500 Mgl O B0 rem
3 -3500mgh O: 605 nem
E00 - 10000 mgA Oy 605 nem
000 — 50000 mgh O 605
Actepted chionde | 1000 mgi of mrinimum 2000 mgd o
s

Merck KGaA, Darmsias, Gemany

Danmsiant, 30043011 { e
'—?ﬁk* it |r[ix L.L’-'L Ljf,t
Gunter Decker Ralf it

19 Product management Head Photometry Lab
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