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A method is described for measuring the low
level --5 to 50 ppm-- chemical oxygen demand (COD) of
water samples by amperometric titration.

rhe method
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involves digestion of the sample with potassium
dichromate in a 50% sulfuric acid solution using
one-fifth the reagents and sample required for the
standard GOU method.

This is followed by an ampero-

metric titration using a standard ferrous ammonium
sulfate solution and employing a rotating platinum
electrode in a three-electrode potentiostatic system
The titration is carried out at a potential of +0.80
volts versus a saturated calomel electrode, thus
eliminating the need for o2 purging of the polarographic cell.

The electrochemical method is compared

to the standard method with respect to precision,
sensitivity, cost and waste disposal.
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Chapter One
Introduction
To obtain the energy required for their metabolic nee<k, aquatic decomposers, particularly bacteria
and fungi, combine dissolved oxygen with organic material.
During the respiration process, organic material is
converted to carbon dioxide and water.

In addition to

this microorganism-mediated oxidation of organic matter,
dissolved oxygen in water may be consumed by the biooxidation of nitrogenous, phosphatic, and sulfurous
For example,

materials.
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Chemical or biochemical oxidation of chemical reducing
agents in water will also consume dissolved oxygen.

For

example,
4 F'e

2+

+

+

+

4 H

)

+

( 1)

In normal aquatic systems, the quantities of
organic matter and biochemical and chemical reducing
agents are relatively small.

As a result, the concen-

tration of dissolved oxygen undergoes only minute changes.
1
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However, some industrial and municipal wastes contain
high concentrations of these deoxygenating substances
and require large quantities of dissolved oxygen for
their decomposition or oxidation.

Unless the water

system is reaerated efficiently, it will eventually
become deficient in dissolved oxygen and be unable to
support higher forms of aquatic life.
A• . Biological Oxygen Demand
The amount of dissolved oxygen needed by the
microorganisms to decompose organic materials in a
given volume of sample for a given time is called the
Biological Oxygen Demand (BOD).

BOD is commonly

measured by the quantity of oxygen consumed by microorganisms during a five-day test period and is expressed
as parts per million, ppm, of BOD.
The major advantage of the BOD test is that
it gives only a measure of the organic matter oxidized
by the microorganisms and, therefor~ the bio-degradability of the sample.
The major disadvantage of the BOD test is the
five-day analysis period.

That, added to the difficulty

in obtaining consistent results, led to the development
of the Chemical Oxygen Demand (COD) test. (2)

J

B• . Chemical Oxygen Demand
The COD determination test currently used by
the Environmental Protection Agency involves the oxidation of organic substances by potassium dichromate
in a 50 per cent sulfuric acid solution at reflux
temperature for two hours.

Silver sulfate is used as

a catalyst and mercuric sulfate is added to remove
chloride interference.

The excess dichromate is then

titrated with a standard ferrous ammonium sulfate
solution using orthophenanthroline ferrous complex
(ferroin) as an indicator.

(J)

Since this test

involves a chemical oxidation rather than a biological
process, the results cannot be related to those of the
BOD test and must be considered an independent measurement of organic matter.

(4)

In 1932 Bach (5) found that the oxygenconsumption value of raw sewage was increased from 258
to 291 ppm when the sodium chloride content varied from
20 to 2000 ppm.

Dobbs and Williams described a method

involving the addition of mercuric sulfate to the test
sample to form a soluble mercuric chloride complex,
HgC14

2-

, that completely resists oxidation by potassium

dichromate.

(6)

This method, therefore, effectively

eliminates the chloride interference on all but brine

4

and estuarine samples.
The use of silver sulfate as a catalyst for
the dichromate oxidation of organics greatly extends the
usefulness of the procedure.

Sugars, branched and straight

chain aliphatics, and substituted benzene rings are
almost completely oxidized without the catalyst; however,
many other compounds, such as straight chain acids,
alcohols, and amino acids, can only be oxidized to a
very limited extent without silver sulfate.

(7)

The standard COD test has become widely used
because it gives reasonably good results in a relatively

short period of time.
severe limitations.

However, it is not without
The titration of the excess

dichromate after digestion is a very insensitive method
of detection.

Additionally, the consumption of large

quantities of rather expensive reagents, the large
amount of bench or hood space and glassware needed for
the refluxing, and the disposal of large quantities of
acidic mercury, silver, and chromium wastes, are all
serious problems for most laboratories.

(8)

C. Total Organic Carbon
Stenger and Hall (9) developed a method in
which the oxygen demand of an aqueous sample is determinable

5

within minutes.

Their 'r ota! Organic Carbon ( TOC) test

involves injecting a minute sample into a heated
combustion tube (temperatures greater than 875°c)
through which carbon dioxide is flowing.

Reducing

materials in the aqueous sample react with the carbon
dioxide to produce carbon monoxide, which is measured by
an infrared stream analyzer.
+

The reaction is:

mCO - -....) (m + a)CO
2

+

b H 0

2

2

+

The high initial cost of equipment (approximately $10,000) greatly offsets the advantage of rapid
oxygen demand determination.

Also, the results of this

analysis are somewhat less useful than those of the BOD
or COD methods since there is no distinction made
between carbon atoms in different oxidation states and,
as a result, different oxygen demand potentials.

(10)

D. Spectrophotometric Analysis
Several COD determination methods have been
developed employing automated sample digestion and
spectrophotometric analysis of the decrease in Cr (VI)
concentration or the increase in Cr (III) concentration.
(11, 12, lJ, 14)

However, more recent data show that the

automated methods give less than adequate results for

6

most waste water samples.

This is attributed to

incomplete sample oxidation caused by the short digestion
periods. (15)

Another disadvantage stems from the fact

that most automated systems require a higher sulfuric
acid concentration than other methods; therefore, a
smaller concentration of mercuric sulfate must be used
to avoid its precipitation in the sample lines and the
flowcell.

As a result, chloride interference becomes

more of a problem than in other methods. (16)
Jirka and Carter have reported a micro semiautomated COD method coupled with spectrophotometric
determination. (17)

This method involves the standard

digestion procedure of very small samples in capped
culture tubes for two hours, then a spectrophotometric
measurement of Cr (III) at 600 run.

Not only is accuracy

very good in this ~ethod since thsre is no loss of
volatile material ( 18.) ,, but also, much smaller quantities
of reagents are required as compared to the standard
method.

By using the capped culture tubes, literally

dozens of test samples can be digested at one time.
However, the presence of Cr (III) in the test water
sample and the presence of any chemical species which
absorb at 600 nm., will both cause varying degrees of
inaccurate results.

7
E. Amperometric Determination
The low level (5 - 50 mg/1 COD) COD determination method described here combines the advantage
of the standard digestion procedure with the highly
sensitive and precise amperometric titration of excess
dichromate with a standard ferrous ammonium sulfate
solution.

This method utilizes a rotating platinum

electrode and titration is carried out at a potential
of +0.80 volts versus the saturated calomel electrode .

(SCE).

In addition to the high degree of accuracy

and precision realized from this method, the consumption
of reagents is reduced to one-fifth of that used in the
standard method; hence, cost and acidic wastes are
likewise reduced.

Chapter Two
A, Theory of Polarography

De polarography is an electroanalytical
technique in which the current flowing at a dropping
mercury electrode (DM~) is measured as a function of
potential. (19, 20)

A plot of the current versus

applied voltage is called a polarogram.

Important

features of a polarogram can be seen in Figure I.
Curve A in this figure shows the current-potential
characteristics for a 0.1 M potassium chloride solution
in the absence of any electroactive species.

The

current remains very small, a so-called residual
current, until a potential is reached where either
the solvent or the supporting electrolyte is reduced.
Curve B represents a polarogram of the same solution
with 1.0 x 10-J M zinc ion added.

Curve B follows

curve A until the potential at which zinc ion is
reduced is reached.

The current then rises quite

rapidly with potential until zinc is being reduced
as quickly as it can reach the electrode surface.
At this point, the current is limited by the reactive
species' rate of arrival at the electrode (diffusion
limited), and the current-potential curve levels off.
'rhis diffusion current, id, is directly proportional
8

Figure I:

Polarogram of 1.0 mM Zn

2+

in 0.1 M KCl at 25°c
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to the concentration of the ion and provides quantitative
information concerning that ion.

·rhe polarographic wave

produced at about -2.0 volts versus SCE in both curves
is caused by the reduction of potassium ions to give a
potassium amalgam.
A second electrode, called a reference electrode,
is placed in the cell and is, ideally, unpolarizable.
Becaus,e it is kept at a constant potential, the reference
electrode can be used to reflect any potential changes of
the indicator electrode (DM...b;).

Probably the most

commonly used reference electrode is the saturated
calomel electrode (~C~).
A supporting electrolyte, the potassium
chloride in the example, is a mixture of wholly or
partially ionized substances which are neither oxidized
nor reduced in the range of potentials measured.

To

minimize any migration current and to ensure that the
conductivity of the cell solution is high enough to
decrease resistance and thus decrease the ohmic voltage
drop, the ionic strength of the supporting electrolyte
should be at least 50 to 100 times the normality of
the measured ions. (211
The potential at which the current is one-half
the diffusion limited value is the half-wave potential,
E1; 2 •

'r he .El/Z is characteristic of each particular

11

species undergoing reaction and is useful in the
qualitative identification of ions in the polarographic
cell.

Very often, however, for a particular species,

it is also a function of pH, the solvent, the supporting
electrolyte, temperature, etc.
For a reversible system in which the product
of the electrode reaction is soluble in either the
mercury electrode or the solution, the current-potential
relationship at 25°c is given by:
E

=

Eo _ 0.0592 log

n

i - (i )
. d a
(i ) - i
d C

where i is the current at a particular potential, EDME'
and (id)a and (id)c are the respective anodic and
cathodic diffusion-limited currents.
product is amalgamated (i)

d a

When the reaction

will be equal to zero. (22)

There are two contributions to the total
observed current. One is the "faradaic" current, which
is a result of the transfer of electrons across the
electrode-solution interface.

The other is the

"capacitance" current, which results from the flow of
charge at the interface to bring the EDME to the value
demanded by the Eapp 1 ie
. d"
The capacitance current results from a change
in the DME potential and/or a change in the size of the
mercury drop.

As a potential is very nearly constant
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over the mercury drop's lifetime, capacitance current
results predominantly from the chang.e in 1-.t h'e , electrode
-are · during:. the . drop's growth·.:. .·,·: The i variation of the
capacitance current with drop time is given by:

where mis the rate of mercury mass in mg/sec, t i s the
drop time in seconds, Cdl is the differential capacity
of the double layer in microfarads/cm2 , E

is the
max
potential of the electrocapillary maximum or of zero
charge, and~ is the electrode's potential.
Unlike the capacitance current which decreases

with drop time, the faradaic current increases.

This

occurs because a new electrode area is exposed to the
cell solution and the thickness of the layer of
solution which is depleted is decreased by the growing
drop.

The diffusion current at any time during drop

life is given by the Ilkovic equation:
i(t) = 708nD

1/2 2/3 1/6
Cm

t

(24)

where i(t) is the current in microamperes at any time
t, n is the number of electrons involved in the balanced
half-reaction, Dis the diffusion coefficient in cm 2/sec,
and C is the species' concentration in millimoles/10 3 cm 3 .

lJ
The average current during the life of the
drop is found by integrating the diffusion current with
respect to time over the total drop life and then by
dividing by the drop time, t, to give:

1/2 2/J 1/6
id= 607nD
Cm
t

(25)

B. Amperometric Titrations
Amperometric titration is a method of using
diffusion current measurements to locate the endpoint
of a titration with a chemical reagent. (26)

In this

method the current passing through a polarographic cell
at a fixed potential is measured as a function of the
titrant volume. (2?)
Typical amperometric titration curves are
shown in Figure II.

Figure II (a) represents a titration

in which the analyte reacts at the electrode and the
titrating reagent does not.

For example, lead ion

titrated with sulfate at an applied potential large
enough to give a diffusion current for lead.

As the

sulfate ion enters the solution cell, the lead ion is
removed by precipitation causing a linear decrease in
current.

The end point is taken as the volume of

titrant necessary to lower the diffusion current to
the residual current value.

14

I

-\ ~
(a)

(b)

Volume of titrating reagent

Figure 112

Typical Amperometric Titration Curves

(c)
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Figure II {b) represents a titration curve in
which the titrating reagent reacts at the electrode and
the analyte does not.

Lead ion titrated with dichromate

ion is an example of this.

At an applied potential of

0.0 volt versus SCE dichromate is reduced and lead is
not.

As dichromate ion enters the cell, it is pre-

cipitated out as lead dichromate and no current occurs.
As soon as all the lead is used up, the excess dichromate
commences reduction to Cr {III) and there is a linear
current increase.
At an applied potential greater than -1.0 volt
versus SCE, both lead and dichromate are reduced.

As

the dichromate enters the cell, the lead is reduced
giving a decreasing linear curve.

When the lead is

completely consumed, the excess dichromate starts being
reduced giving a linearly increasing curve.

The end-

point is at the intersection of the two lines, as seen
in Figure II {c).
Due to the nature of amperometric titrations,
it is not necessary to know any of the variables
affecting diffusion currents such as drop time, temperature, mass flow of mercury, etc.

It is, however,

important that none of these variables change to any
extent during the titration.

16

c. Rotating Platinum Electrode
For amperometric titrations involving reagents
which will oxidize mercury, a rotating platinum electrode
is frequently used.

The typical rotating platinum

electrode consists of a 1- to 2-cm. length of 16- to
18-gauge platinum wire sealed perpendicularly into a
piece of glass tubing.

The tube is partially filled

with mercury, into which a platinum, nickel or copper
lead wire is dipped to provide electrical contact to
the polarograph.

See Figure III.

The electrode is

placed in the hollow chuck of a synchronous motor· and
rotated at a constant speed of about 600 rpm. (28, 29)
Polarographic waves obtained using the
rotating electrode are similar to those using the DME.
With the rotating platinum electrode, however, the mass
transport of reactive species occurs not only by
diffusion but also by convection.

As a result,

limiting currents are on the order of 20 times larger
than those obtained otherwise.

This allows the

measurement of smaller concentrations of reactive
species with no loss in accuracy.
Another distinct advantage of the rotating
platinum electrode is the possibility of extending current
observations into the anodic range.

Since there is

,.

Lead wire

(

'I

I•
t

Glass tubing

Platinum wire

Figure III:

Construction of a Rotating Platinum ~lectrode
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no danger of mercury reacting, oxidation half-reactions
can be observed.

By observing the oxidation half-reaction,

the need for o2 purging of the cell is eliminated.
D. Three-~lectrode Potentiostatic System
In conventional polarography, a de ramp voltage
is applied across the entire polarographic cell.

Any

current flowing through a cell of high resistance results
in a distinct ohmic voltage drop (iR drop), which, in
turn, causes the potential at the dropping mercury electrode
to deviate from the applied potential.

This shifts the

half-wave potentials to more negative valuse and severely
distorts the polarographic wave shape. (JO)

To avoid

these problems the three-electrode potentiostatic system
was developed.
A reference electrode of constant potential
is placed near the working electrode to monitor its
potential.

When the voltage drops below that of the

applied voltage, the feedback amplifier signals the
scan amplifier to increase the applied voltage to
compensate for the cell resistance.

See Figure IV.

This method works quite effectively in eliminating
errors resulting from iR drops in the cell.

19
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Three-Electrode Potentiostat System

Chapter Three
Experimental and Procedure
A. Apparatus
The digestion apparatus consisted of a
250-ml., round-bottom flask with a ground-glass neck,
19/22, c.onnected to a West Type reflux condenser.
rhe polarographic apparatus, shown sche-

1

matically in Figure V, consists of a Heath Model EUW401 Polarography Module, a Beckman Model 1005 ten-inch
recorder, a Heath Model EUW-19A Operational Amplifier
~ystem, and a rotating electrode improvised from a
Wilkens-Anderson ~lectrolytic Analyzer.
B. Reagents
All chemicals were AC~ reagent grade unless
otherwise stated.

All water used was conductance

grade.
The catalyst solution consisted of 23.5 grams
of silver sulfate, Ag 2so 4 ,

and

Jl.5 grams of mercuric

sulfate, Hgso 4 , dissolved in a 9-pound bottle of
concentrated sulfuric acid, H2so 4 .

Approximately 48

hours were required for complete dissolution.
A standard potassium dichromate solution was
made by dissolving 12.26 grams K2cr 2o 7 , primary standard
20
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grade, in conductance grade water and diluting to one
liter.

Then 100.0 ml. of this solution was further

diluted to one liter to give a solution of 0.0250

A

N

standard ferrous ammonium sulfate solution

was made by dissolving 98.0 grams of Fe(NH 4 ) 2 (so 4 ) 2 ·6H 20
in conductance grade water.

Then 20 ml. of concentrated

H2 so 4 was added to prevent formation of ferric ion.

The solution was cooled, then diluted to one liter.
From this solution, two other solutions were made.
the first, a 100.0-ml. aliquot of 0.250

N

In

solution was

further diluted to give a solution of 0.0250 N, which
was used for manual titrations.

In the other, a 50.0-ml.

aliquot of 0.250 N solution was further diluted to one
liter to give a 0.0125 N solution, which was used for
amperometric titrations.
A stock potassium hydrogen phthalate (KHP)
solution equivalent to 10.0 gram/liter COD was made
by dissolving 8.51 grams of KHC 8H4o4 in one liter of
conductance water, allowing 48 hours for complete
dissolution.

Working standards of 5, 10, 15, 20, 25,

JO, 35, 40, 45, and 50 mg/1 (ppm) COD were prepared
by diluting 0.50, 1.00, 1.50, 2.00, 2.50, J.00, J.50,
4.00, 4.50, and 5.00 ml. of stock solution to one

23
liter, respectively.
Actual test samples of water were preserved
with two milliliters concentrated H2so 4 per liter and
were analyzed within the seven day allowed holding

period.
C. Polarograph Adjustment
The Polarograph Module and Operational
Amplifier System required approximately a one-hour
warmup time for stable, drift-free operation.
The four operational amplifiers were then

balanced so the output voltage of each was zero when
the input voltage was zero, in accordance with the
operating instructions for the Heath Module.
The Initial Potential Polarity switch was
then set to +0.80 volts, the Cell Current Sensitivity
switch was set to 200 microamperes full scale, and the
Current Damping switch set on position
instrument noise.

11

5" to reduce

The recorder was then turned on to

"Standby" with a sweep rate of 1.0 inch/minute.
A buret containing the Fe(NH 4 ) 2 (so 4 ) 2 ·6H 2o
solution was set up in a manner permitting titration
of the polarographic cell solution.

See Figure VI.

Once the polarographic cell containing the

24
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Figure VI:

Typical Polarographic Cell
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test sample was in place. the rotating platinum electrode
was turned on, the recorder was turned on, and the
Function Selector switch was turned to the "Cell"
position and the Panel Meter Selector switch was
turned to

11

Current".

D. Procedure: Standard Manual Titration Method
It was found to be extremely important to
washall glassware with a solution of 20% H2 so 4 in
conductance grade water in order to prevent any contamination.

The smallest trace of organic matter

, j
, I

entering the system caused significant errors in the
detection of the small concentrations of COD (5.0 to
50,0 ppm) employed.

The 0.0250 N Fe(NH 4 ) 2 (so 4 ) 2 was compared
daily to the 0.0250 li K2cr 2 o7 solution.

This was done

by adding 20 ml. H2so 4 to JO ml. conductance grade water
and allowing to cool.
was added.

Then 5,00 ml. 0.0250 N K2 cr 2 o7

This solution was then titrated manually

with the iron solution to the endpoint.

The normality

of the ferrous ammonium sulfate solution was then
determined thus:
(ml. K2Cr207) x (0.0250 li)
ml. Fe(NH 4 ) 2 (so 4 ) 2 • 6H 2o

=

N, Fe

2+

i

I
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Sample digestion was carried out by placing

75 ml. of catalyst solution (Ag 2so 4 , Hgso 4 , tt 2~o 4 ),
25.00 ml. of 0.0250 N K2cr 2o 7 , and several boiling
chips in the round-bottom flask.

After cooling, 50.00

ml. of the test sample were added while mixing thoroughly.
(The reflux mixture must be mixed well to avoid superheating and loss of volatile organics.)

The flask was

then attached to the reflux condenser, cooling water
turned on, heat applied, and the mixture refluxed for
two hours.
The flask was then allowed to cool and the

condenser was washed down with approximately 50 ml. of
/

conductance water.

·rhe mixture plus rinsings were then

quantitatively transferred to a large Erlenmeyer flask.
The solution was further diluted to approximately JOO
ml. and 8-10 drops of tris (1,10-phenanthroline) iron (II)
sulfate, or ferroin, were added.
After cooling, the test sample was manually
titrated with the 0.0250 N Fe

2+

solution from a buret to

the endpoint.
~. Procedure:

Amperometric Method

The normality of the iron solution was found
as above with two exceptions:

One, the 0.0125 N iron

solution was used, and, two, the titrations were done
amperometrically rather than manually.

i

i
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Sample digestion was carried out as above~
however, reagent and sample amounts were reduced to
one-fifth those used for manual titration method.
After digestion period, the flask was allowed
to cool and the condenser was washed down with about 10

ml. of conductance water.

The mixture plus rinsings

were quantitatively transferred to the polarographic
cell and the solution further diluted to approximately

65 ml.
After cooling to room temperature, the test
sample was amperometrically titrated with the standard
iron solution to the endpoint.
l

-l

F. Calculations

i

The basic reaction occurring during digestion
is:
C aHbO C

+

n

a CO 2

2

+

For test samples, using standard potassium
hydrogen phthalate solutions in varying COD concentrations,
the reaction is:

5 Cr 2o7

2-

+

To

15 02

+

+
42 H

+

2-

C8H404

) 10 CrJ+

+
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be oxidized by 02, the reaction would bei
+

4 H

+

2

c8tt4 o4

2-

~

16 CO 2

+

6 H2 0

H,.0
~

+ 8 CO 2
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Therefore, it can be seen that it takes 15
moles o2 per 2 moles sample as compared to 5 moles
2Cr207
per 1 mole sample.
For the titration of excess dichromate with
the ferrous ammonium sulfate solution, the net reaction
is:
Cr207

2-

+

+

14 H

+

6 Fe

2+

~

2 Cr

J+

+

+

6 Fe

J+

Therefore, it can be seen that it takes 1 mole
Cr 2 o7

2-

per 6 moles Fe

2+

•

' I'

To calculate COD, mg o2/liter solution:
2-

15 mol 0 2/2 mol sample
X

1 mol cr 2o7

5 mol Cr 2o7 -/1 mol sample
2+

used
ml Fe
liter sample

X

1 liter

1000 ml

6 mol Fe

=

X

lVl

Fe

mol Fe

2+

X

2+

liter Fe 2+

2+
X

8000

=

J

X

mg/1 or ppm, COD

To avoid inaccurate results due to any organic
matter in the conductance grade water, . the milliliters
Fe 2+ used is subtracted from the milliliters Fe 2+ used to
titrate a blank solution to yield a net milliliters Fe 2+
used for each determination.
used in the above equation.

:I
i

32,000 mg Oz
1 mol o2

X

2+

used
ml Fe
liters sample

'!
' I

This net quantity is then

Chapter Four
Results and Discussion
Table I shows the statistical data for all
samples tested.

Both the results of the present standard

method and the proposed amperometric method are shown.
Conductance grade water was used as sample blanks
for fifteen blank determinations by the standard method
and for a like number of blank determinations by the
amperometric method.

'l'he 50. 00-ml. blank solutions

were determined by standard color titration using ferroin
as an indicator.

The mean value of the titrant volume

for the fifteen blanks was 21.JO ml. with a standard
deviation of 2.80 ml.

The fifteen 10.00-ml. blank

solutions were determined amperometrically and had a
mean value of 9.10 ml. Fe 2+ with a standard deviation
of 0.082 ml.
The relative precision of the standard and the
amperometric methods was determined by carrying out
duplicate analyses on several different potassium
hydrogen phthalate solutions.

In all cases the standard

deviation and the range of the standard method results
greatly exceeded those for the amperometric results.
only did these results show an inferiority of the
29

Not

Table I:

Comparison of the Precision of the Standard and the
Amperometric Chemical Oxygen Demand Methods
COD, mg/1 or pprn

Sample
1

2

J

4

5

6

7

#

::iample ;:iource

Method of Detn.

KHP solution

Standard

10

8.2

J.2-15.1

4.J

Amperometric

10

5.J

4.1-6.8

0.88

Standard

10

14.7

10.1-17.9

5 .16

Amperometric

10

11.2

9.9-13.7

1.42

KHP solution

KHP solution

KHP solution

KHP solution

KHP solution

KHP solution

Standard

No. of Detn.

Mean

Range

Stand. Dev.

0

Amperometric

10

14.9

lJ.8-15.6

0.64

Standard

10

32.1

26.1-)7.4

4.6)

Amperometric

10

21.6

20.4-22.2

0.78

Standard

0

Amperometric

10

24.9

24.1-25.0

0.32

Standard

10

35.5

29.7-J9.2

J.82

Amperometric

10

29.6

28.9-29.9

0.49

Standard

10

J8.7

)4.9-45.7

2.88

Amperometric

10

40.J

40.0-40.8

0.46

JO

Table I cont.:
COD, mg/1 or ppm

Sample
8

9

#

~ample Source

Method of Detn.

No. of Detn.

KHP solution

Standard

10

44.2

39.8-47.6

3.19

Amperometric

10

49.8

48.9-50.2

0.41

Amperometric

5

22.1

21.2-23.8

0.63

Amperometric

5

4.J

J.8-4.6

0.22

Mean

Range

Stand. Dev.

Charleston
tap water
Feb., 1978

10

Charleston
tap water
April, 1978
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standard method relative to the electrochemical method,
but they present a strong argument for the re-evaluation
of the reliability of the standard COD test.
Samples #9 and elO show that the precision for
actual water samples is equivalent to that obtained for
the potassium hydrogen phthalate samples.
For waste water samples it has been demonstrated that the standard two-hour reflux or digestion
period is necessary. (Jl)

While many organics, such as

branched-chain acids and alcohols, aromatic acids, and
sugars, are readily oxidized by the dichromate digestion
method well within an hour, most require digestion times
longer, even with silver sulfate as a catalyst.

The

latter include hydrocarbons, straight-chain acids and
alcohols, amino acids and heterocyclic acids. (J2)

As

a result of this, the two-hour reflux period was retained
in the electrochemical determination of COD.
The present-day estimated cost of the reagents
used per sample determination performed by the standard
method is slightly over one-dollar.

By reducing the

amount of reagents used by a factor of five as is done
in the electrochemical method, the cost and the waste
disposal problems are likewise reduced.
Amperometric determination of the titration

J3
endpoints was found to be much more sensitive than
visual or colorimetric means using ferroin as an
indicator.

Ferroin is an excellent indicator for

titrations involving the ce 4+/ce 3+ couple, which was
used in very early COD determinations rather than the
2-

cr 2 o7 /er

J+

couple.

However, since the standard or
2-

formal potential of the cr 2o7

/Cr

)+

couple is less

than that of the cerium couple, an indicator with a
lower standard potential, such as diphenylamine
sulfonic acid, should be used.
Another reason the standard method of COD
determination produces poor precision of results is
the possible loss of volatile substances during the
addition of sample to the concentrated acid solution
or during the reflux period. (JJ)

This problem was

partially eliminated by introducing the sample to the
digestion solution through the reflux condenser.

To

eliminate the problem entirely, samples might be
digested in culture tubes capped with Teflon-coated
screw-tops as described by Jirka and Carter. (J4)
The use of a platinum rotating electrode was
found to be extremely advantageous.

Since potassium

dichromate, a strong oxidizing agent, is used for the
digestion, use of a dropping mercury indicator electrode

34
presented several problems owing to the possibility of
metallic mercury being oxidized.

Utilization of a

rotating inert electrode, however, not only eliminated
this problem, but also permitted amperometric titrations
to be performed at more positive potentials . than with a
DME.

At the potential applied here, +0.80 volts versus

the saturated calomel electrode, iron(II) yields an
anodic current, while chromium (III) yields no current.
Therefore, upon completion of titration of dichromate
with iron (II), the excess iron (II) becomes oxidized
yielding a titration curve of the type shown in
Figure VII.

Performing titrations at +0.80 volts versus

SC~ also eliminates the necessity of cell deaeration
since oxygen reduction does not occur.

Volume, 0.0125 M Fe
Figure VII:

2+

Titration Curve for the Amperometric Titration of
Dichromate with Fe 2+
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