
4500-O OXYGEN (DISSOLVED)*

4500-O A. Introduction

1. Significance

Dissolved oxygen (DO) levels in natural and wastewaters
depend on the physical, chemical, and biochemical activities in
the water body. The analysis for DO is a key test in water
pollution and waste treatment process control.

2. Selection of Method

Two methods for DO analysis are described: the Winkler or
iodometric method and its modifications and the electrometric

method using membrane electrodes. The iodometric method1 is
a titrimetric procedure based on the oxidizing property of DO
while the membrane electrode procedure is based on the rate of
diffusion of molecular oxygen across a membrane.2 The choice
of procedure depends on the interferences present, the accuracy
desired, and, in some cases, convenience or expedience.
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4500-O B. Iodometric Methods

1. Principle

The iodometric test is the most precise and reliable titrimetric
procedure for DO analysis. It is based on the addition of divalent
manganese solution, followed by strong alkali, to the sample in
a glass-stoppered bottle. DO rapidly oxidizes an equivalent
amount of the dispersed divalent manganous hydroxide precip-
itate to hydroxides of higher valency states. In the presence of
iodide ions in an acidic solution, the oxidized manganese reverts
to the divalent state, with the liberation of iodine equivalent to
the original DO content. The iodine is then titrated with a
standard solution of thiosulfate.

The titration end point can be detected visually, with a starch
indicator, or electrometrically, with potentiometric or dead-stop
techniques.1 Experienced analysts can maintain a precision of
�50 �g/L with visual end-point detection and a precision of �5
�g/L with electrometric end-point detection.1,2

The liberated iodine also can be determined directly by simple
absorption spectrophotometers.3 This method can be used on a
routine basis to provide very accurate estimates for DO in the
microgram-per-liter range provided that interfering particulate
matter, color, and chemical interferences are absent.

2. Selection of Method

Before selecting a method consider the effect of interferences,
particularly oxidizing or reducing materials that may be present
in the sample. Certain oxidizing agents liberate iodine from
iodides (positive interference) and some reducing agents reduce
iodine to iodide (negative interference). Most organic matter is
oxidized partially when the oxidized manganese precipitate is
acidified, thus causing negative errors.

Several modifications of the iodometric method are given to
minimize the effect of interfering materials.2 Among the more
commonly used procedures are the azide modification,4 the
permanganate modification,5 the alum flocculation modifica-
tion,6 and the copper sulfate-sulfamic acid flocculation modifi-
cation.7,8 The azide modification (C) effectively removes inter-
ference caused by nitrite, which is the most common interference
in biologically treated effluents and incubated BOD samples.
Use the permanganate modification (D) in the presence of fer-
rous iron. When the sample contains 5 or more mg ferric iron
salts/L, add potassium fluoride (KF) as the first reagent in the
azide modification or after the permanganate treatment for fer-
rous iron. Alternately, eliminate Fe(III) interference by using 85
to 87% phosphoric acid (H3PO4) instead of sulfuric acid (H2SO4)
for acidification. This procedure has not been tested for Fe(III)
concentrations above 20 mg/L.

Use the alum flocculation modification (E) in the presence of
suspended solids that cause interference and the copper sulfate-
sulfamic acid flocculation modification (F) on activated-sludge
mixed liquor.

3. Collection of Samples

Collect samples very carefully. Methods of sampling are
highly dependent on source to be sampled and, to a certain
extent, on method of analysis. Do not let sample remain in
contact with air or be agitated, because either condition causes a
change in its gaseous content. Samples from any depth in
streams, lakes, or reservoirs, and samples of boiler water, need
special precautions to eliminate changes in pressure and temper-
ature. Procedures and equipment have been developed for sam-
pling waters under pressure and unconfined waters (e.g., streams,
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rivers, and reservoirs). Sampling procedures and equipment
needed are described in American Society for Testing and Ma-
terials Special Technical Publication No. 148-1 and in U.S.
Geological Survey Water Supply Paper No. 1454.

Collect surface water samples in narrow-mouth glass-stop-
pered BOD bottles of 300-mL capacity with tapered and pointed
ground-glass stoppers and flared mouths. Avoid entraining or
dissolving atmospheric oxygen. In sampling from a line under
pressure, attach a glass or rubber tube to the tap and extend to
bottom of bottle. Let bottle overflow two or three times its
volume and replace stopper so that no air bubbles are entrained.

Suitable samplers for streams, ponds, or tanks of moderate
depth are of the APHA type shown in Figure 4500-O:1. Use a
Kemmerer-type sampler for samples collected from depths
greater than 2 m. Bleed sample from bottom of sampler through
a tube extending to bottom of a 250- to 300-mL BOD bottle. Fill
bottle to overflowing (overflow for approximately 10 s), and
prevent turbulence and formation of bubbles while filling.
Record sample temperature to nearest degree Celsius or more
precisely.

4. Preservation of Samples

Determine DO immediately on all samples containing an
appreciable oxygen or iodine demand. Samples with no iodine
demand may be stored for a few hours without change after
adding manganous sulfate (MnSO4) solution, alkali-iodide solu-
tion, and H2SO4, followed by shaking in the usual way. Protect
stored samples from strong sunlight and titrate as soon as pos-
sible.

For samples with an iodine demand, preserve for 4 to 8 h by
adding 0.7 mL conc H2SO4 and 1 mL sodium azide solution (2
g NaN3/100 mL distilled water) to the BOD bottle. This will
arrest biological activity and maintain DO if the bottle is stored
at the temperature of collection or water-sealed and kept at 10 to
20°C. As soon as possible, complete the procedure, using 2 mL
MnSO4 solution, 3 mL alkali-iodide solution, and 2 mL conc
H2SO4.
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Figure 4500-O:1. DO and BOD sampler assembly.
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4500-O C. Azide Modification

1. General Discussion

Use the azide modification for most wastewater, effluent, and
stream samples, especially if samples contain more than 50 �g
NO2

�-N/L and not more than 1 mg ferrous iron/L. Other reduc-
ing or oxidizing materials should be absent. If 1 mL KF solution
is added before the sample is acidified and there is no delay in
titration, the method is applicable in the presence of 100 to 200
mg ferric iron/L.

2. Reagents

a. Manganous sulfate solution: Dissolve 480 g
MnSO4 � 4H2O, 400 g MnSO4 � 2H2O, or 364 g MnSO4 � H2O
in distilled water, filter, and dilute to 1 L. The MnSO4 solution
should not give a color with starch when added to an acidified
potassium iodide (KI) solution.

b. Alkali-iodide-azide reagent:
1) For saturated or less-than-saturated samples—Dissolve

500 g NaOH (or 700 g KOH) and 135 g NaI (or 150 g KI) in
distilled water and dilute to 1 L. Add 10 g NaN3 dissolved in 40
mL distilled water. Potassium and sodium salts may be used
interchangeably. This reagent should not give a color with starch
solution when diluted and acidified.

2) For supersaturated samples—Dissolve 10 g NaN3 in 500
mL distilled water. Add 480 g sodium hydroxide (NaOH) and
750 g sodium iodide (NaI), and stir until dissolved. There will be
a white turbidity due to sodium carbonate (Na2CO3), but this will
do no harm. CAUTION—Do not acidify this solution because toxic
hydrazoic acid fumes may be produced.

c. Sulfuric acid, H2SO4, conc: One milliliter is equivalent to
about 3 mL alkali-iodide-azide reagent.

d. Starch: Use either an aqueous solution or soluble starch
powder mixtures.

To prepare an aqueous solution, dissolve 2 g laboratory-grade
soluble starch and 0.2 g salicylic acid, as a preservative, in 100
mL hot distilled water.

e. Standard sodium thiosulfate titrant: Dissolve 6.205 g
Na2S2O3 � 5H2O in distilled water. Add 1.5 mL 6N NaOH or
0.4 g solid NaOH and dilute to 1000 mL. Standardize with
bi-iodate solution.

f. Standard potassium bi-iodate solution, 0.0021M: Dissolve
812.4 mg KH(IO3)2 in distilled water and dilute to 1000 mL.

Standardization—Dissolve approximately 2 g KI, free from
iodate, in an erlenmeyer flask with 100 to 150 mL distilled water.
Add 1 mL 6N H2SO4 or a few drops of conc H2SO4 and 20.00
mL standard bi-iodate solution. Dilute to 200 mL and titrate
liberated iodine with thiosulfate titrant, adding starch toward end
of titration, when a pale straw color is reached. When the
solutions are of equal strength, 20.00 mL 0.025M Na2S2O3

should be required. If not, adjust the Na2S2O3 solution to
0.025M.

3. Procedure

a. To the sample collected in a 250- to 300-mL bottle, add 1
mL MnSO4 solution, followed by 1 mL alkali-iodide-azide re-
agent. If pipets are dipped into sample, rinse them before return-
ing them to reagent bottles. Alternatively, hold pipet tips just
above liquid surface when adding reagents. Stopper carefully to
exclude air bubbles and mix by inverting bottle a few times.
When precipitate has settled sufficiently (to approximately half
the bottle volume) to leave clear supernate above the manganese
hydroxide floc, add 1.0 mL conc H2SO4. Restopper and mix by
inverting several times until dissolution is complete. Titrate a
volume corresponding to 200 mL original sample after correc-
tion for sample loss by displacement with reagents. Thus, for a
total of 2 mL (1 mL each) of MnSO4 and alkali-iodide-azide
reagents in a 300-mL bottle, titrate 200 � 300/(300 � 2) � 201
mL.

b. Titrate with 0.025M Na2S2O3 solution to a pale straw color.
Add a few drops of starch solution and continue titration to first
disappearance of blue color. If end point is overrun, back-titrate
with 0.0021M bi-iodate solution added dropwise, or by adding a
measured volume of treated sample. Correct for amount of
bi-iodate solution or sample. Disregard subsequent recolorations
due to the catalytic effect of nitrite or to traces of ferric salts that
have not been complexed with fluoride.

4. Calculation

a. For titration of 200 mL sample, 1 mL 0.025M Na2S2O3 �
1 mg DO/L.

b. To express results as percent saturation at 101.3 kPa, use the
solubility data in Table 4500-O:I. Equations for correcting sol-
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TABLE 4500-O:I SOLUBILITY OF OXYGEN IN WATER EXPOSED TO WATER-SATURATED AIR AT ATMOSPHERIC PRESSURE (101.3 KPA)1

Temperature
°C

Oxygen Solubility
mg/L

Temperature
°C

Oxygen Solubility
mg/L

Chlorinity: 0 5.0 10.0 15.0 20.0 25.0 Chlorinity: 0 5.0 10.0 15.0 20.0 25.0

0.0 14.621 13.728 12.888 12.097 11.355 10.657 26.0 8.113 7.711 7.327 6.962 6.615 6.285
1.0 14.216 13.356 12.545 11.783 11.066 10.392 27.0 7.968 7.575 7.201 6.845 6.506 6.184
2.0 13.829 13.000 12.218 11.483 10.790 10.139 28.0 7.827 7.444 7.079 6.731 6.400 6.085
3.0 13.460 12.660 11.906 11.195 10.526 9.897 29.0 7.691 7.317 6.961 6.621 6.297 5.990
4.0 13.107 12.335 11.607 10.920 10.273 9.664 30.0 7.559 7.194 6.845 6.513 6.197 5.896
5.0 12.770 12.024 11.320 10.656 10.031 9.441 31.0 7.430 7.073 6.733 6.409 6.100 5.806
6.0 12.447 11.727 11.046 10.404 9.799 9.228 32.0 7.305 6.957 6.624 6.307 6.005 5.717
7.0 12.139 11.442 10.783 10.162 9.576 9.023 33.0 7.183 6.843 6.518 6.208 5.912 5.631
8.0 11.843 11.169 10.531 9.930 9.362 8.826 34.0 7.065 6.732 6.415 6.111 5.822 5.546
9.0 11.559 10.907 10.290 9.707 9.156 8.636 35.0 6.950 6.624 6.314 6.017 5.734 5.464

10.0 11.288 10.656 10.058 9.493 8.959 8.454 36.0 6.837 6.519 6.215 5.925 5.648 5.384
11.0 11.027 10.415 9.835 9.287 8.769 8.279 37.0 6.727 6.416 6.119 5.835 5.564 5.305
12.0 10.777 10.183 9.621 9.089 8.586 8.111 38.0 6.620 6.316 6.025 5.747 5.481 5.228
13.0 10.537 9.961 9.416 8.899 8.411 7.949 39.0 6.515 6.217 5.932 5.660 5.400 5.152
14.0 10.306 9.747 9.218 8.716 8.242 7.792 40.0 6.412 6.121 5.842 5.576 5.321 5.078
15.0 10.084 9.541 9.027 8.540 8.079 7.642 41.0 6.312 6.026 5.753 5.493 5.243 5.005
16.0 9.870 9.344 8.844 8.370 7.922 7.496 42.0 6.213 5.934 5.667 5.411 5.167 4.933
17.0 9.665 9.153 8.667 8.207 7.770 7.356 43.0 6.116 5.843 5.581 5.331 5.091 4.862
18.0 9.467 8.969 8.497 8.049 7.624 7.221 44.0 6.021 5.753 5.497 5.252 5.017 4.793
19.0 9.276 8.792 8.333 7.896 7.483 7.090 45.0 5.927 5.665 5.414 5.174 4.944 4.724
20.0 9.092 8.621 8.174 7.749 7.346 6.964 46.0 5.835 5.578 5.333 5.097 4.872 4.656
21.0 8.915 8.456 8.021 7.607 7.214 6.842 47.0 5.744 5.493 5.252 5.021 4.801 4.589
22.0 8.743 8.297 7.873 7.470 7.087 6.723 48.0 5.654 5.408 5.172 4.947 4.730 4.523
23.0 8.578 8.143 7.730 7.337 6.963 6.609 49.0 5.565 5.324 5.094 4.872 4.660 4.457
24.0 8.418 7.994 7.591 7.208 6.844 6.498 50.0 5.477 5.242 5.016 4.799 4.591 4.392
25.0 8.263 7.850 7.457 7.083 6.728 6.390

NOTE:
1. The table provides three decimal places to aid interpolation. When computing

saturation values to be used with measured values, such as in computing DO
deficit in a receiving water, precision of measured values will control choice of
decimal places to be used.

2. Equations are available to compute DO concentration in fresh water1–3 and in
seawater1 at equilibrium with water-saturated air. Figures and tables also are
available.3

Calculate the equilibrium oxygen concentration, C*, from equation:

ln C* � �139.344 11 � (1.575 701 � 105/T) � (6.642 308 � 107/T 2)
� (1.243 800 � 1010/T 3) � (8.621 949 � 1011/T 4)
� Chl [(3.1929) � 10�2) � (1.9428 � 101/T)
� (3.8673 � 103/T 2)]

where:

C* � equilibrium oxygen concentration at 101.325 kPa, mg/L,
T � temperature (°K) � °C � 273.150, (°C is between 0.0 and 40.0 in the

equation; the table is accurate up to 50.0), and
Chl � Chlorinity (see definition in Note 4, below).

Example 1: At 20°C and 0.000 Chl, ln C* � 2.207 442 and C* � 9.092 mg/L;
Example 2: At 20°C and 15.000 ChL,

ln C* � (2.207 442) � 15.000 (0.010 657)
� 2.0476 and C* � 7.749 mg/L.

When salinity is used, replace the chlorinity term (�Chl[. . .]) by:
� S(1.7674 � 10�2) � (1.0754 � 101/T) � (2.1407 � 103/T 2)

where:

S � salinity (see definition in Note 4, below).

3. For nonstandard conditions of pressure:

Cp � C*P �(1 � Pwv/P)(1 � 	P)

(1 � Pwv)(1 � 	) �
where:

Cp � equilibrium oxygen concentration at nonstandard pressure, mg/L,
C* � equilibrium oxygen concentration at standard pressure of 1 atm, mg/L.

P � nonstandard pressure, atm,
Pwv � partial pressure of water vapor, atm, computed from: ln Pwv � 11.8571

� (3840.70/T) � (216 961/T 2),
T � temperature, °K,
	 � 0.000 975 � (1.426 � 10�5t) � (6.436 � 10�8t2), and
t � temperature, °C.

N.B.: Although not explicit in the above, the quantity in brackets in the
equation for Cp has dimensions of atm�1 per Reference 4, so that P
multiplied by this quantity is dimensionless.

Also, the equation for ln Pwv is strictly valid for fresh water only, but for
practical purposes no error is made by neglecting the effect of salinity.
An equation for Pwv that includes the salinity factor may be found in
Reference 1.

Example 3: At 20°C, 0.000 Chl, and 0.700 atm,
Cp � C* P (0.990 092) � 6.30 mg/L.

4. Definitions:

Salinity: Although salinity has been defined traditionally as the total solids in
water after all carbonates have been converted to oxides, all bromide and
iodide have been replaced by chloride, and all organic matter has been oxidized
(see Section 2520), the new scale used to define salinity is based on the
electrical conductivity of seawater relative to a specified solution of KCl in
water.5 The scale is dimensionless and the traditional dimension of parts per
thousand (i.e., g/kg of solution) no longer applies.

Chlorinity: Chlorinity is defined in relation to salinity as follows:

Salinity � 1.806 55 � chlorinity

Although chlorinity is not equivalent to chloride concentration, the factor for
converting a chloride concentration in seawater to include bromide, for exam-
ple, is only 1.0045 (based on the relative molecular weights and amounts of the
two ions). Therefore, for practical purposes, chloride concentration (in g/kg of
solution) is nearly equal to chlorinity in seawater. For wastewater, it is
necessary to know the ions responsible for the solution’s electrical conductivity
to correct for their effect on oxygen solubility and use of the tabular value. If
this is not done, the equation is inappropriate unless the relative composition
of the wastewater is similar to that of seawater.
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ubilities to barometric pressures other than mean sea level and
for various chlorinities are given below the table.

5. Precision and Bias

DO can be determined with a precision, expressed as a stan-
dard deviation, of about 20 �g/L in distilled water and about 60
�g/L in wastewater and secondary effluents. In the presence of
appreciable interference, even with proper modifications, the
standard deviation may be as high as 100 �g/L. Still greater
errors may occur in testing waters having organic suspended
solids or heavy pollution. Avoid errors due to carelessness in
collecting samples, prolonging the completion of test, or select-
ing an unsuitable modification.

6. References

1. BENSON, B.B. & D. KRAUSE, JR. 1984. The concentration and isotopic
fractionation of oxygen dissolved in freshwater and seawater in
equilibrium with the atmosphere. Limnol. Oceanogr. 29:620.

2. BENSON, B.B. & D. KRAUSE, JR. 1980. The concentration and isotopic
fractionation of gases dissolved in fresh water in equilibrium with the
atmosphere: I. Oxygen. Limnol. Oceanogr. 25:662.

3. MORTIMER, C.H. 1981. The oxygen content of air-saturated fresh
waters over ranges of temperature and atmospheric pressure of lim-
nological interest. Int. Assoc. Theoret. Appl. Limnol., Communication
No. 22, Stuttgart, West Germany.

4. SULZER, F. & W.M. WESTGARTH. 1962. Continuous D. O. recording in
activated sludge. Water Sewage Works 109: 376.

5. UNITED NATIONS EDUCATIONAL, SCIENTIFIC & CULTURAL ORGANIZATION.
1981. Background Papers and Supporting Data on the Practical
Salinity Scale 1978. Tech. Paper Mar. Sci. No. 37.

4500-O D. Permanganate Modification

1. General Discussion

Use the permanganate modification only on samples contain-
ing ferrous iron. Interference from high concentrations of ferric
iron (up to several hundred milligrams per liter), as in acid mine
water, may be overcome by the addition of 1 mL potassium
fluoride (KF) and azide, provided that the final titration is made
immediately after acidification.

This procedure is ineffective for oxidation of sulfite, thiosul-
fate, polythionate, or the organic matter in wastewater. The error
with samples containing 0.25% by volume of digester waste
from the manufacture of sulfite pulp may amount to 7 to 8 mg
DO/L. With such samples, use the alkali-hypochlorite modifica-
tion.1 At best, however, the latter procedure gives low results, the
deviation amounting to 1 mg/L for samples containing 0.25%
digester wastes.

2. Reagents

All the reagents required for Method C, and in addition:
a. Potassium permanganate solution: Dissolve 6.3 g KMnO4

in distilled water and dilute to 1 L.
b. Potassium oxalate solution: Dissolve 2 g K2C2O4 � H2O in

100 mL distilled water; 1 mL will reduce about 1.1 mL perman-
ganate solution.

c. Potassium fluoride solution: Dissolve 40 g KF � 2H2O in
distilled water and dilute to 100 mL.

3. Procedure

a. To a sample collected in a 250- to 300-mL bottle add, below
the surface, 0.70 mL conc H2SO4, 1 mL KMnO4 solution, and 1
mL KF solution. Stopper and mix by inverting. Never add more
than 0.7 mL conc H2SO4 as the first step of pretreatment. Add

acid with a 1-mL pipet graduated to 0.1 mL. Add sufficient
KMnO4 solution to obtain a violet tinge that persists for 5 min.
If the permanganate color is destroyed in a shorter time, add
additional KMnO4 solution, but avoid large excesses.

b. Remove permanganate color completely by adding 0.5 to
1.0 mL K2C2O4 solution. Mix well and let stand in the dark to
facilitate the reaction. Excess oxalate causes low results; add
only enough K2C2O4 to decolorize the KMnO4 completely with-
out an excess of more than 0.5 mL. Complete decolorization in
2 to 10 min. If it is impossible to decolorize the sample without
adding a large excess of oxalate, the DO result will be inaccu-
rate.

c. From this point the procedure closely parallels that in
Section 4500-O.C.3. Add 1 mL MnSO4 solution and 3 mL
alkali-iodide-azide reagent. Stopper, mix, and let precipitate
settle a short time; acidify with 2 mL conc H2SO4. When 0.7 mL
acid, 1 mL KF solution, 1 mL KMnO4 solution, 1 mL K2C2O4

solution, 1 mL MnSO4 solution, and 3 mL alkali-iodide-azide (or
a total of 7.7 mL reagents) are used in a 300-mL bottle, take 200
� 300/(300 � 7.7) � 205 mL for titration.

This correction is slightly in error because the KMnO4 solu-
tion is nearly saturated with DO and 1 mL would add about
0.008 mg oxygen to the DO bottle. However, because precision
of the method (standard deviation, 0.06 mL thiosulfate titration,
or 0.012 mg DO) is 50% greater than this error, a correction is
unnecessary. When substantially more KMnO4 solution is used
routinely, use a solution several times more concentrated so that
1 mL will satisfy the permanganate demand.

4. Reference
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presence of organic matter, hypochlorites, and sulfite wastes. Ind.
Eng. Chem., Anal. Ed. 4:59.
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4500-O E. Alum Flocculation Modification

1. General Discussion

Samples high in suspended solids may consume appreciable
quantities of iodine in acid solution. The interference due to
solids may be removed by alum flocculation.

2. Reagents

All the reagents required for the azide modification (Section
4500-O.C.2) and in addition:

a. Alum solution: Dissolve 10 g aluminum potassium sulfate,
AlK(SO4)2 � 12H2O, in distilled water and dilute to 100 mL.

b. Ammonium hydroxide, NH4OH, conc.

3. Procedure

Collect sample in a glass-stoppered bottle of 500 to 1000 mL
capacity, using the same precautions as for regular DO samples.
Add 10 mL alum solution and 1 to 2 mL conc NH4OH. Stopper
and invert gently for about 1 min. Let sample settle for about 10
min and siphon clear supernate into a 250- to 300-mL DO bottle
until it overflows. Avoid sample aeration and keep siphon sub-
merged at all times. Continue sample treatment as in Section
4500-O.C.3 or an appropriate modification.

4500-O F. Copper Sulfate-Sulfamic Acid Flocculation Modification

1. General Discussion

This modification is used for biological flocs such as activated
sludge mixtures, which have high oxygen utilization rates.

2. Reagents

All the reagents required for the azide modification (Section
4500-O.C.2) and, in addition:

Copper sulfate-sulfamic acid inhibitor solution: Dissolve 32 g
technical-grade NH2SO2OH without heat in 475 mL distilled
water. Dissolve 50 g CuSO4 � 5H2O in 500 mL distilled water.
Mix the two solutions and add 25 mL conc acetic acid.

3. Procedure

Add 10 mL CuSO4-NH2SO2OH inhibitor to a 1-L glass-
stoppered bottle. Insert bottle in a special sampler designed so
that bottle fills from a tube near bottom and overflows only 25 to
50% of bottle capacity. Collect sample, stopper, and mix by
inverting. Let suspended solids settle and siphon relatively clear
supernatant liquor into a 250- to 300-mL DO bottle. Continue
sample treatment as rapidly as possible by the azide (Section
4500-O.C.3) or other appropriate modification.

4500-O G. Membrane Electrode Method

1. General Discussion

Various modifications of the iodometric method have been
developed to eliminate or minimize effects of interferences;
nevertheless, the method still is inapplicable to a variety of
industrial and domestic wastewaters.1 Moreover, the iodometric
method is not suited for field testing and cannot be adapted easily
for continuous monitoring or for DO determinations in situ.

Polarographic methods using the dropping mercury electrode
or the rotating platinum electrode have not been reliable always
for the DO analysis in domestic and industrial wastewaters
because impurities in the test solution can cause electrode poi-
soning or other interferences.2,3 With membrane-covered elec-
trode systems these problems are minimized, because the sensing
element is protected by an oxygen-permeable plastic membrane
that serves as a diffusion barrier against impurities.4–6 Under

steady-state conditions the current is directly proportional to the
DO concentration.*

Membrane electrodes of the polarographic4 as well as the
galvanic5 type have been used for DO measurements in lakes and
reservoirs,8 for stream survey and control of industrial efflu-
ents,9,10 for continuous monitoring of DO in activated sludge
units,11 and for estuarine and oceanographic studies.12 Being
completely submersible, membrane electrodes are suited for
analysis in situ. Their portability and ease of operation and
maintenance make them particularly convenient for field appli-
cations. In laboratory investigations, membrane electrodes have
been used for continuous DO analysis in bacterial cultures,
including the BOD test.5,13

Membrane electrodes provide an excellent method for DO
analysis in polluted waters, highly colored waters, and strong
waste effluents. They are recommended for use especially under

* Fundamentally, the current is directly proportional to the activity of molecular
oxygen.7
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conditions that are unfavorable for use of the iodometric method,
or when that test and its modifications are subject to serious
errors caused by interferences.

a. Principle: Oxygen-sensitive membrane electrodes of the
polarographic or galvanic type are composed of two solid metal
electrodes in contact with supporting electrolyte separated from
the test solution by a selective membrane. The basic difference
between the galvanic and the polarographic systems is that in the
former the electrode reaction is spontaneous (similar to that in a
fuel cell), while in the latter an external source of applied voltage
is needed to polarize the indicator electrode. Polyethylene and
fluorocarbon membranes are used commonly because they are
permeable to molecular oxygen and are relatively rugged.

Membrane electrodes are commercially available in some
variety. In all these instruments the “diffusion current” is linearly
proportional to the concentration of molecular oxygen. The
current can be converted easily to concentration units (e.g.,
milligrams per liter) by a number of calibration procedures.

Membrane electrodes exhibit a relatively high temperature
coefficient largely due to changes in the membrane permeabili-
ty.6 The effect of temperature on the electrode sensitivity, 

(microamperes per milligram per liter), can be expressed by the
following simplified relationship:6

log 
 � 0.43 mt � b

where:

t � temperature, °C,
m � constant that depends on the membrane material, and
b � constant that largely depends on membrane thickness.

If values of 
 and m are determined for one temperature (
0

and t0), it is possible to calculate the sensitivity at any desired
temperature (
 and t) as follows:

log 
 � log 
0 � 0.43 m (t � t0)

Nomographic charts for temperature correction can be con-
structed easily7 and are available from some manufacturers. An
example is shown in Figure 4500-O:2, in which, for simplicity,
sensitivity is plotted versus temperature on semilogarithmic coor-
dinates. Check one or two points frequently to confirm original
calibration. If calibration changes, the new calibration should be
parallel to the original, provided that the same membrane material
is used.

Temperature compensation also can be made automatically by
using thermistors in the electrode circuit.4 However, thermistors
may not compensate fully over a wide temperature range. For
certain applications where high accuracy is required, use cali-
brated nomographic charts to correct for temperature effect.

To use the DO membrane electrode in estuarine waters or in
wastewaters with varying ionic strength, correct for effect of salting-
out on electrode sensitivity.6,7 This effect is particularly significant
for large changes in salt content. Electrode sensitivity varies with
salt concentration according to the following relationship:

log 
S � 0.43 mSCS � log 
0

where:


S, 
0 � sensitivities in salt solution and distilled water, respectively,
CS � salt concentration (preferably ionic strength), and
mS � constant (salting-out coefficient).

If 
0 and mS are determined, it is possible to calculate sensitivity
for any value of CS. Conductivity measurements can be used to
approximate salt concentration (CS). This is particularly applicable
to estuarine waters. Figure 4500-O:3 shows calibration curves for
sensitivity of varying salt solutions at different temperatures.

Figure 4500-O:2. Effect of temperature on electrode sensitivity.

Figure 4500-O:3. The salting-out effect at different temperatures.
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b. Interference: Plastic films used with membrane electrode
systems are permeable to a variety of gases besides oxygen,
although none is depolarized easily at the indicator electrode.
Prolonged use of membrane electrodes in waters containing such
gases as hydrogen sulfide (H2S) tends to lower cell sensitivity.
Eliminate this interference by frequently changing and calibrat-
ing the membrane electrode.

c. Sampling: Because membrane electrodes offer the advan-
tage of analysis in situ they eliminate errors caused by sample
handling and storage. If sampling is required, use the same
precautions suggested for the iodometric method.

2. Apparatus

Oxygen-sensitive membrane electrode, polarographic or gal-
vanic, with appropriate meter.

3. Procedure

a. Calibration: Follow manufacturer’s calibration procedure ex-
actly to obtain guaranteed precision and accuracy. Generally, cali-
brate membrane electrodes by reading against air or a sample of
known DO concentration (determined by iodometric method) as
well as in a sample with zero DO. (Add excess sodium sulfite,
Na2SO3, and a trace of cobalt chloride, CoCl2, to bring DO to zero.)
Preferably calibrate with samples of water under test. Avoid an
iodometric calibration where interfering substances are suspected.
The following illustrate the recommended procedures:

1) Fresh water—For unpolluted samples where interfering
substances are absent, calibrate in the test solution or distilled
water, whichever is more convenient.

2) Salt water—Calibrate directly with samples of seawater or
waters having a constant salt concentration in excess of 1000 mg/L.

3) Fresh water containing pollutants or interfering substanc-
es—Calibrate with distilled water because erroneous results oc-
cur with the sample.

4) Salt water containing pollutants or interfering substances—
Calibrate with a sample of clean water containing the same salt
content as the sample. Add a concentrated potassium chloride
(KCl) solution (see Conductivity, Section 2510 and Table
2510:I) to distilled water to produce the same specific conduc-
tance as that in the sample. For polluted ocean waters, calibrate
with a sample of unpolluted seawater.

5) Estuary water containing varying quantities of salt—Cali-
brate with a sample of uncontaminated seawater or distilled or
tap water. Determine sample chloride or salt concentration and
revise calibration to account for change of oxygen solubility in
the estuary water.7

b. Sample measurement: Follow all precautions recommended
by manufacturer to insure acceptable results. Take care in chang-
ing membrane to avoid contamination of sensing element and
also trapping of minute air bubbles under the membrane, which
can lead to lowered response and high residual current. Provide
sufficient sample flow across membrane surface to overcome
erratic response (see Figure 4500-O:4 for a typical example of
the effect of stirring).

c. Validation of temperature effect: Check frequently one or
two points to verify temperature correction data.

4. Precision and Bias

With most commercially available membrane electrode sys-
tems an accuracy of �0.1 mg DO/L and a precision of �0.05 mg
DO/L can be obtained.
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Figure 4500-O:4. Typical trend of effect of stirring on electrode
response.
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