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Module No:

Time:

5 hours

)

. Page 3

Module Title:
.

Chemical 0Aygen.Dgmand

5ybmodule Title: . .

.Topic: Introduction to COD
COD Analysis
\Relationship of COD to BOD-

Objectives:

,

Upon completion othis module the participant should be able,to determine the
COD of a.sample given proper apparatus and reagents.

Instructional Aids:

Lab apparatus and reagents
Handouts
Overheads

o

Instructional Approach:

Lecture

Laboratory
Discussion

t

.1

14

,

References:,
,i , )a

4

7 ..

EPA Methods for Chemical Analysis of Water & Wastewater. . 0..

Standard Methods, 14th Ed. .

.

",
Sawyer & McCarthy, Chemistry for Sanitary Engi1 neers

4
1'
,

OA Effluent Mgnitoring Procedures: Nutrient
(

---;:l."

Class Assignments:

Complete a COD analysis

o.
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Instructor Notes

Page 4

The EPA as a set of 35 mneslides showing COD analysis.
optionally in the Introduction. This may be used

An optional procedure handout may be found in the EPA effluent, monitoringprocedures: Nutrient. This low level Odb procedure is the same as die onein the module but written\in a different format.

Lab 'and reagents should be supplied.so that participants, may worksgroups of two or three.

Overheads are locluded for content value only the, actual overhead should
made with colored 1/4 inch dry transfer letters.

r
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Module No:

. . ,. , .

.
.

-,
Module Title:

- i
COD . .. . .

,
.Subinodule Ti tle:

. ,
.. '

o

. ' . - .
, e

.

4. ,
)

Approx. Time:
(1 --

.

, I hour
,TbrA . .c: '

. , . . ,. .

Lntroduction-to COD

Objectives: -. .

Upon completion of this. topic the participa\nt should be able to: .

...
.1. '. Indicate .what is measured in the COD test. ,

. .,
..,

2. Indicate how the COD'test-relates, to the 430D and COD tests,. , .
3. Indicate wheh the low range COD test should be used.
4. Indicate sampling procedures and sample preservation. procedures-for the

COD test. . .
-

,

. , . .. ,
.

.

,

..
, . .

Instrictional Aids:, ,.

Overheads % .
. . .

. .. .
4 i

9
,

9

, 0

9

.

94<
InstructiOnal 'Approach:

.9

- Lecture-7 -- , .
.

D4scussfon . / .'
,.

,

.
. .

. . . . . .

.

.
.References:

.
.

.

..

.

. ,Methods for Chemical ,Anarysis of waters and wastes - .

.

Standard Methods, 14th Ed. . l
I -

Sawyer & McCarthy, ChemistrY for Sanitary Engineers, .

. ,
__-,

. ... .
-.

Class Assignments:' ,; . , .

,., .
None , - .. . -7_

,

, . . . :
.
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Module No: Topic:

Introduction to COD

Page

a
a

Instructor Notes:,
Instructor Outline:'

Overhead

Flow sheet Pagel,

a

. -

I

r

e
,

a. Discuss' the COD test it terms of a
.. measurement of oxygen required for

oxidation to CO2 and 1120. .

,

)b. Explain that CODtest uses a potassium
..1 dichromate in a strongly .acidic solution _

at an elevated,temperature as the -,

oxidizing material.

c. :Indicate that the amount of dicromate is-
measured after the. test tb determine how ,

much was used in the test.' A known
amount is added before the test.

4

d. Explain that a reflux condenser must
be used to prevent the loss of volatiles...

e. Explain that for some Materials suchas,
low-molecular-wei ghtl'atty aci'ds are 'not
oxidized unless there is a silver- \

catalyst present.

f. Indicate that,aromatic hydrocarbons an
neare not oxidized' under any ,,

iircumstances.

2: a. Indicate that COD'valuei-are groater thin
BOD values for the ;same waste, becapse
the COD test can oxidiie,bitologically.
resjstant organic matter suctr.-as ,

'.not oxi di zed in:' the 'BOD test wood-pulping .

wastes have hi git lignin values.
.1

b. Inklicate that the COD test cannot
differentiate between" biologically
oxidizable and biologically inert organic
matter.

. ... x ,
.
1 .c. Indicate that COD atid/BOD have a good

correlation-value given a consistant waste
., composition such as in- industrial waste.

.,

.
'

7



4

)

Page_ 7

Module No:

:InstruJor Notes:

Topic:

Introduction to COD

Instructor Outline:

Overhead_ Page 8

. .

Low' level.

High level
COD Test

L

3. Explain that the oxydent, potassium
*dichromate is used "'one concentration for
samples of COD less than:50 ipd at_a more
concentrated level for COD. greater than=
50 mg/1.

4. 'a. Discuss and if i-JOSsible demonstrate

sampling procedures.

b. Discuss and demonstrate proper sample
preservation .prOcedUres.

H2SO4 to pH Z,..Cool to 4°
4

4

8

0

0

4.

O
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. CHEMICAL OXYGEN DEMAND TEST

4 4,

4

LOCI RANGE -4 .10 s-ro,50' MGIL

HIGH RANGE :40.T0 1034030 mG/L

J
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Module Ho:

. .

.

.

Module Title: ,

COD .. .

'. .

. , . .--.--...
, .

-
Submodule Title:

.
.

0 _ .

.

Approx. Tim :

331 hours

Topic:
v

.

COP'Analysis
. .

.

.

`..

Objectives: 6

6 ...\ .

. Upon,Qcompletion of this topic the participant should be'able.to: .

4.
1. Identify the proper .apparatus and reagents,needed,for the co test:
2.- Properly prepare reagents and glassware for the COD test.
3. Conduct the COEItest given''sample, reagents apparatus and.procedures

i.sheet .,

(

4. Translate the raw data from the,C0b test into proper units of expression.
,

,
_ J .,

, r
,-

-

,

...

.Instructional Aids: ..
.

.

Lab apparatus and reagents per h.* level handout z

Handouts 4 ,
. ,

tverneads ? .

° .

. .
..

.tit )

.

-.
.

,..

.

.

Instructional-Approach: .

._. .

. It

,

Lab
r

.

. .

_

,.......

.

.

.

. .

References; -..

.

_

StindardMethdds, 14th Ed. .

. .

EP Methods Manual.
.

,-
. .

:I

*EP Effluent Monitoring Procedures: Nutrients 7 .
. -,

,
. .

, .,

4 A 1

.

_

Clas Assi nments:,

C nduct. a COD analysii
. ... -l.., I .

._
.

,
. .

.

-. ..
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;Module 'flow fopi d:

;COD Analysis

Insrqctor Notes:
a 1nttructor Outline:

Handout Pagps 12.; 21

COD procedure

High range

Handout'

Berch sheet Paae 22

4 .,

A

7

.

a. List Id identify the proper, apparatus
and reagents needef rot :the COD test..

2. a., Demonstrate the makeup of reagents.

6.. Have group's of participantsimake up
required reagents.

3. a. Demonstra4the startup ad end of the
COD test.

I

0

Discuss ,sample di I.4tior and ,the grden--'
color of reduced dicromate.

c. Demonstrate s anrdization procedures.

d. Have participa conuct a COD high
-.level test and standardize reagents..

a. Work' s anlp 1 e cal cUl ati ons

.

, J
b,- Have parti,ci pants trhns 1 ate raw data

I. frog' the test into prosper units .of

express:19n.

7..

1

40
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CHEMICAL OXYGEN DEMAND (COD) -

/
Introduction

The chemical oxygen' demand (COD)-is an important test whjch
.

asures the organic 'strength of wastewater., It measurgs those organic.

,materials which 'can,be oxidized by a strong chemical oxidizing agent, in
tthis case potassium dichromate. The units of measurement tof COD are in

terms of the. mg/1 of oxygen involved in theoxidatiOn reaction.
4The COD Measures some organic materials that bacteria are unable

to utilize in the 5-day BOD test. In _additioit, wastewhich is- too toxic

k

for bacterial Oxidation can be-measured. For these reasons, the BO yalues,

are normally ,50 - 70% of the COD. In kddition,. the COD test has the
advantage 'of requiring only about three hours compared to five days for. the
BOD,

In the test; wage sample is: mixed with mercuric sulfate,
.. c ,

,sulfuric ,acid - silver sulfate reagent and 4re potassium -di Chromate oxidi'zing
agent. The mixture is then refluxed (boiled and-recondensed) for two hours
to insure - maximum oxidation.' Since a known amount of chemical, oxygen in the
form of potassium dichromate (K2CR207) is added to the mixture, the amount',.

.pf oxygen used can be determined1by measuring the amount of potassium

dichromate remaining after the. reflux period. This is accomplished by

titragthe potassium dichromate wit]. standardized ferrous ammonium sulfate.
,.The COD, is then 'expressed as mg/1 pr, pipm.,,,

-..;
sr .

The mercurid'itlfate 'is added to the refluk to prevat indrference
Alet,iphl ori des The. -si 1 ver sulfate is added as a catalyst to aid in the.

,, .
oxidatib of some organic alcohols and acids. Acid conditiont necessary for- , ,

., - ,
the oxidatiOn a maintained, by the sulfuric acid.

. .-
,f

(- 13., ,,.
.......
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.Equipment
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Reagents
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Page, 13

Reflex as pratus`w /Friedrichs style gondenser.

250-m1 Erlenmeyer flask with ground ,glass neck, size_24/40.

Hot platewith 1,300 watt rating.

500-m1 wide mouth 'Erlenmeyer flask. .-

Buret and Buret stand.

10 and 20-ml v. olumetrl c- pi Pettes

2 50-ml graduated cylinders.

Glass beads

1. Standard Pota§sium,Dichromate (K2Cr207) 0.25 N

Dissolve 12.259 g dried K2Cr207 in 'distilled water. and dilute to one liter.
with distilled ater. K2. 7 must be previously dried at 103° C. for. tiro

(2) hours. :',. $

, - , rr
. 2. Sulfuric Acid (H2, SO4) - Silver Sulfate 092 r4) Reagent

_.,N.*, c

Add_22 g of Ag2 SO4 to a 9 lb: bottle of concentrated H2 SO4. It may

tak One to two days\for the Ag2 SQ4 to dissolve.
.

..
, '4. . : _

3: Standard Ferrous 'Ammonium Sulfate (Fe (NH4)2 (S042 . 6020 solution, 0.2;'5',N .'
Dissolve 98 g (Fe (NH4)2 1SO4)2, . 6H20) ip distilled water, add 20 ml .-

.

concentrated H2504, cool,and diluck. to one liter: with distilled water.

This solution is unstable and must be standardiZed with each set of tests:

4. Ferroin Indicator
,.

Dissoive 1.485 g 1, 10.phenthroiine (C12H8N2 . H20) and 0.695 g. 'rem (IIi ,--.1.
sulfite crystals (FeSO4 . 7H20) in distilled water and dilut\t13:-i00 ml

-, ...,

with. distilled water. ,

$

14.
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5. Mer-curic Sulf),te (HgSO4)

Analytical gradecrystali.

PINIedure

1. Standardize Ferrous ArmioniUm SUlfate (FAS) Solution

Ile the samples and blank are refluxing (Step #8 below) standardize

the FAS solution as follows:

a. Dilute 10.0411 standard potassium dichromate to about 100 ml with

'distilled water. Use a volumetric pipette_ to measne the 10.6 ml.

b. Add 30 ml xoncentrated H2SO4 and cool.

!. Add 2 3 drops:fertoin indicator.

d. 'Titrate with the ferrous ammonium sulfat in the buret. The color

changes from orange to blue-green to eddish-brown. The end-pbint

7- is the sharp change from bluelree to reddish-brown, although the

blue-green may reappear on standing.

e. Calculate o'rrifility of FAS.

Nornali ty FAS =

(ml. 2k2Cr207) x Normality, K2Cr-07)
%. ml. FAS.

= ml) x (0.25
ml. FAS

2.5
m FAS

. Place- 0.4 g HgSO4 in each 250 trlenmeyer flask

- Duplicates- should be run for each example.

. 3. Add 20.0 ml Sample

Or duluted_sample t6 the reflux flask. '.Be sure sample IS well mixed.

If large particles exist, sample should be homogenized. Use volumetric
- . 4.
pipette for this transfer.

,, 15,
,

.71
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4. Add-10.0 ml Standard K2Cr207
n:-*

To the reflux:flask. Use vgiumetric pipette.

5. Add 30 ml Sulfuric Acid - Silver Sulfate Reagent

To the reflux flask. Use caution. Add a little at a time with constant

mixing.

6. Prepare Reagent Blank

Repeat stepd 2 - 5 above
1

except ,s'use distilled water in place of the '

20.0 ml of sample.

7. Add Glass Boiling Beads/

About 15 - 20 beads to each reflux flask.

8. Reflux Samples and Blank

Make sure contents are thoroughly mixed before proceeding to heating

. step. If this is not done, local hot spots may cause the flask' to

explode.

Reflux for two hours.

If the mixture turns, completely green, thfl sample is too strong. Dilute-

the samile further and repeat the procedure.

9. Wash Condenser and Dilute

After allowing the mixture to 'cObl, wash down the condenser with about

25 ml distilled water. Transfer flask contents to a 500-m1 wide mouth

Erlenmeyer flask/washing out the reflui flask 4 or 5 times with
.

distilled water. fki,not discard boilir\g beads. Dilute to about-140 ml

44^with distilled water. ',Cool again to rOrom perature.

10.- Add, 2 - 3 Drops Ferroin indicator
_
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11. Titrate With FAS

Titrate to stherdddish-browet end -point as in the standardization of FAS:

Realember to .record initial and final buret readings when carrying out

titratiqns.

Calculations

Calculate ml of FAS used by subtracting initial from final buret readings:

a = ml FAS used to titrate blank

p = ml FAS,, used to titrate sample

,Calculate COD (mg/1 or ppm) where N = Norfilality df FAS as detecrilined by

ilk
standardization.

COD, mg/1 = (a - b) x N x 8000
ml original sample

17

tiw
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CHEMICAL'OXYGEN DEMAND (Low Level)

- 17

1. Scope and Application -

,
,-, \ ,

1.1 The scope of this modifica ionl of the the cal Oxygen Demand (COD)

test i the saMieas for the h i4h level te t. It is appl.ftable to

'the analysis of surface watersi, domestic nd industrial wastes With
1

low demand charaCteril\tics.

1.2 This method (low level) is applicable for samples having a,COD in

the'range of 5 mg/i COD.

2. Summary of Method

2.1 Organic and oxidizable inorganic substanc s in, an aqueous sample, are

oxidized by pOta4ium dichromate solution in 50 percent (by,vplume)

sulfuric acid soldtion. The excess di hromate is'titraied with

standard ferr us ammonium sulfate using or hophenanthroline ferrous

coMplex (feil. in) as an indicator.

3.., Sampling and Preslrvatton'

3.1 Collect the samplesl in glass bottles, if pos ible. Use of plastic

.40

. ,

e

containers is.permissjble if it is known tha\ no organic' contaminants

are'present in the con ers.

3.2 Biologically actiye samples should be tested a, soon,as possible.
6D-

Samples cOntaining settleable material should b well mixed, preferably

homogenized, to permit removal of representative

3.3 Samples may be preserved with sulfuric acid at

conc. H2SO4 per liter of sample.

4. Interferences

4.1 Traces of organic material either from the glassware, or atmosphere may

' cause a gross, positive error.

aliqbots.

ate of 2 ml df,

1
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4:2 Volatile materials may be lost when the sample temperature rises.

during the sulfuric' acid addition step.

4.3 Chlorides are quantitatively oxidized by dichromate and represent-a

positive interference, Mercuric sulfate is-added to the digestion'',

flask to complex the chlorides, thereby effectively eliminating the

interference on all but-irrine and estuarine samples..

5. Apparatus

5.1 Reflux apparatus: Glassware ihoUid consist) of a 500 1 Erlenmeyer

flask or a 300 ml round 6o tom flask made of heat-r sistant glass

connected tea 12 .inch Allihn condenser by means of a ground -glass

joint. Any equivalent -reflux apparatus may be iultituted provided

that a ground -glass connection is used between the flask and the

condenser:

-6. Reagents
L

6.1 Distilled water: Special precautions shoul4 be: Taken to\insure

,tkat distilled Water used in thii test be, low in _organic matter

6.2 Standard potassium iciiroMate solution (0,025N):
I

K2Cr267, Primary standard grade, previously' dried

hours, in distilled water and dilute to 1000 ml,.

Dissolve 12.259 g

.at 1030 C for two

Mii this solution

thoroughly then dilute 100.0 ml to 1000 lip with distilled water.

6.3 Sulfuric.ecid reagent: Copc. H2SO4 containing 23.5 g silver sulfate,
. -. q

,

Ag2 504, per 9 lb. bottle. (With continuous 'sti rring, the" silver -

sulfate Iik, be dissolveiin.abOut 3d,mimutes.)

a-
c

19
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6..4 Standard ferrous' ammonium sulfate (0.025 N): disSOisyse98*.gof

Fe (NH4)2 (,504)2 . 6H20 in diStilled water. Add 0. ml of conc.

H2 SO4 (6::8), cool .and dilute to 1 liter. isDilute 100 ml of this

soluttOn to 1 liter with distilled water.' 'This solutibn.must be

standardized daily against WR207,solution.
.

k

6.4.1 Standardization: .'To 15 ml of distilled water add 10.0 ml of)

0.025 N K2Cr207 (6.2) solution. Add 20 ml of H2 sp4 (6.8) and

cool. Titrate with ferrous ammonium sulfate' (6.4) using 1 drop,

of ferroin indicator (6.6). The color change is sharp, going

from blue-green to reddish-brown.

K2Cr207) (0.025)
Normality=

ml Fe mu 1 fen
"" Ic (NH4)2 k"(1e)t

6.5 Mercuric sulfate. POW, d HgSO4 \

6.6 Pheanthroline fer s sulfate (ferroin) indicator solution: Dissolve
4

1.48 g of 1 - 10 (ortho) phenanthroline monohydrate, together with

0.70 g of FeSO4 . 7H20 in 100 ml of water. This indicator may be

purchased already prepared.
4

6. 7 Silver sulfate: .PowderedAg2 SO4

6.8 Sulfuric acid' (sp. gr. i. 84) :,' Concentrated H2 SO4.

7. Procedure

7.1 Place several bo4fiffg stones in the reflux flask-, 41ol rved by ig of

Hg SO4 (6.5). Add-5.0 ml.conc. H2SO4 (6.8); swirl' until mercuric

Sulfate has dissolyed. Place reflux flask in an ice bath and slowly

add,' with swirling, 25.0 ml of 0.025 N K2Cr207 (6.2). Nod add 70.ml

of sulfuric acid-silver sulfate soluti4 (6.3) to the'coolled'refle

, ;flask, again using slow addition with swirling motion.

20
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f

. 7.2 With the reflux flask still-in the ice0:tath;:place &4:0 nil of sample or*

an aliquot di lutec_to 50.0 ml into 'the feflux. fl ask. 'k-..
J. .

.1
, ,it- `JI,,' . 1

CAUTION: Care must be taken to assure that the contents of:the'
,

flask are wel-1 mixed. If not, superheating may result, and the

mixture may berblown out of the open end of the condenser.., Attach

the flask to the cOndenser and start the cooling,water.
.

7.3 Appl(heat to the flask and reflux fcir.2 hours. For some waste

waters the 2-npur reflux period is not 'necessary. Ti ig time required

,
to give the maximum oxidation for a wastewater of constant or known-

-
.

composit
.

may be determined and d-a shorter 'period; of refluxing may

be permissible.

"` 7.4 Allaq'the flask to cool and wash down the condenser with-about 25 ml

of distilled water. If a round bottom flask has been used, transfer

the mixture to a 500 mlErlenmeyer flask, washing out the reflux

flask 3 or 4 times with distilled water. Dilute the acielsolution

w to about 300_1111 with distilled water and allow the Solution to cool

to about room temperature. Add 8 to-10 drops of ferroin indicator

'(6k) to the 'solution anOitrate tne excess dichromate with 0.02.5 N

ferrous ammonium sulfate' (6.4)`solution to the endpoint. The color

bhange will be sharp, changing from a blt -green to-a reddish hue.,

7.5 Blank -- Simultaneously run a blank determination following thi

details-given:in (7.1) and (7.2);but. using low COVater in place

of sample. .
4

8. Calculation

8.1 Calculate the, '800 In the-saMpIe in mg/1 as follows :

.. 1 ..

,, .
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V

COD, mg/litel. = (A-B)N x

Where
a

A

eik
ppa.-§e- 21'4

. 9

A

A = mi 1 li liters of Fe(NF14)0 (SO4)2 solution required for titration

:
°blank, .1

B.= milliliters Of-Fe(NH.4).2 (SO4)2'solution required for titration of
a . _

the sample,

°

, .

N = normality of the Fe(NH4h ($04)2 tolutiond

S = milliliters of sample used f then testtest 4-ir

9. Precision and Accuracy a
.. ao.

,,fp
'9.1 Ei ghty-s'IX analysts in fifty- eightght lab oratorie <inalyzed a , di i ti 11 ed

, --
water solution .containizIg oxidizable organic material equivalent to

12'.3 mg/1 COD. The standard deviation Was' 4.15 mg/l 'COD with an

accuracy.. as perpt relative error (bias) of 0.3%. (EPA Method,,

Research .Study 3.)
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SAMPLE

,ML -OF SAMPLE

ML OF ACID REAGENT

ML OF DICHROMATE

'START OF BOILING'

END OF BOILING

ML OF U ED

1

C.O.D. MG/L

SAMPLE

. J.

ML OF SAMPLE

ML OF ACID

MLAF DIC1iRQMATE /

START OF'BOILING i \,.....:_iL

\ END OF BOILING

ML OF F.A.S USED i

.(1.D.- MG/L
t 4

. .
..,..... . ..,

,F.,A;S. STANDARDIZATION
.

I ,
-----;

;-. ..is
ML -OF DICHROMATE .

. ML OF F.A.S
.

,.
.

NORMALITY OF F.A.S. 4.

04

c

AP

0

SAMPLE

.SAMPLE

'SAMPLE

s

AVE.

AVE

AVE C. O. D.

AVE C.O.D.
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Module No:

1

f"-

Approx. Time:

,

30 Min.

o.

Moduli *Title:

em
il-

Submodule' Title:

Page =
23

ri4elationshi0 of cod to BO

Objectives: .
...:

UpOn completion 1bf this topic the participant should be able to:
...i

I .

1 -. Predict BOD dilutions from COD results given an historical set of BOD '
and COD results for the sample.'

.
.. I

,e

)

Instructional Aids:$

Overheads

S

Instructional Approach:.

Dis ssi on

References:

\,.......
,

.

Sawyer and McCarthy, Chemistry for Sanitary Engineeri
I

,/

Class Assignments: -I,

None

24
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Page 24

Module*:

Instructor-gotes:.

Topic:

-
RelationsRelationship . of COD to Bop,.

.
,

a

InstructorOutline:

Overhead Page 8

BOD COD data .

6

1

(

J

I. a. 'Discuss' predicting BOD dilution facii5ts
-from COD data. 0

.b. Work '.example Ooblems.

c. Show ho to determine a correlation factor
from a et of BOD - COD data.

9
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.Page

. s

F COD values areanoinally ft:10er then BOO values.
.4

F The COD.analysis is invalid if the color of .he solution is green
'after digestion.,

F The titration of COD sample determines the amount of potassium
di cromate left.

T F A blank COD analysis needs eot be run.

T F A ,,B0a value may be estimated from a COD value .given, a. historical
set of COD-BOD values for the sample.

T F FAS titrant need to be standaridized weekly:.

T F A COD sample may be preserved with-acid and cooling for 7 days.

S

,
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