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Standard Methods for the Examination of Water and Wastewater

4500-O;  OZONE (RESIDUAL)*#(1)

4500-O4 A. Introduction

1. Sources

Ozone, a potent germicide, is used also as an oxidizing agent for the oxidation of organic
compounds that produce taste and odor in drinking water, for the destruction of organic
coloring matter, and for the oxidation of reduced iron or manganese salts to insoluble oxides.

2. Selection of Method
Ozone residual in water is determined by the indigo method. Residual ozone decays
rapidly. Depending on water quality, the ozone residual half-life may be several secondsto a

few minutes. Methods also are available for determining ozone in process gases.12

3. References
1. RAKNESS, K.L., G. GORDON, B. LANGLAIS, W. MASSCHELEIN, N. MATSUMOTO, Y.
RICHARD, C.M. ROBSON & I. SOMIYA. 1996. Guideline for measurement of ozone
concentration in the process gas from an ozone generator. Ozone: Sci. Eng. 18:2009.
2. RAKNESS,K.L.,L.D. DEMERS, B.D. BLANK & D.J. HENRY. 1996. Gas phase ozone
concentration comparisons from a commercial UV meter and K| wet-chemistry
tests. Ozone: Sci. Eng. 18:231.

4500-05 B. Indigo Colorimetric Method

1. General Discussion

The indigo colorimetric method is quantitative, selective, and simple; it replaces methods
based on the measurement of total oxidant. The method is applicable to lake water, river
infiltrate, manganese-containing groundwaters, extremely hard groundwaters, and even
biologically treated domestic wastewaters.

a. Principle: In acidic solution, ozone rapidly decolorizes indigo. The decreasein
absorbance is linear with increasing concentration. The proportionality constant at 600 nm is
0.42 £ 0.0/cm/mg/L (A = 20 000/M-cm) compared to the ultraviolet absorption of pure

ozone of = 2950/M-cm at 258 nm).1
b. Interferences: Hydrogen peroxide (H,0,) and organic peroxides decolorize the indigo
reagent very slowly. H,O, does not interfere if ozone is measured in less than 6 h after

adding reagents. Organic peroxides may react more rapidly. Fe(l11) does not interfere. Mn(11)
does not interfere but it is oxidized by ozone to forms that decolorize the reagent. Correct for
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this decol orization by making the measurement relative to a blank in which the ozone has
been destroyed selectively. Without the corrective procedure, 0.1 mg/L ozonated manganese
gives aresponse of about 0.08 mg/L apparent ozone. Chlorine also interferes. Low
concentrations of chlorine (<0.1 mg/L) can be masked by malonic acid. Bromine, which can
be formed by oxidation of Br—, interferes (1 mole HOBr corresponds to 0.4 mole ozone). In
the presence of HOBr or chlorine in excess of 0.1 mg/L, an accurate measurement of 0zone
cannot be made with this method.

¢. Minimum detectable concentration: For the spectrophotometric procedure using
thermostated cells and a high-quality photometer, the low-range procedure will measure
downto 2 ug O4/L. The practical lower limit for residual measurement is 10 to 20 pg/L.

d. Sampling: React sample with indigo as quickly as possible, because the residual may
decay rapidly. Avoid loss of ozone residual due to off-gassing during sample collection. Do
not run sample down side of flask. Add sample so that completely decolorized zones are
eliminated quickly by swirling or stirring.

2. Apparatus
Photometer: Spectrophotometer or filter colorimeter for use at 600 £ 10 nm.

3. Reagents

a. Indigo stock solution: Add about 500 mL distilled water and 1 mL conc phosphoric
acid to a 1-L volumetric flask. With stirring, add 770 mg potassium indigo trisulfonate,
C,6H7N50,1S3K 5 (use only high-grade reagent, commercially available at about 80 to 85%

purity). Fill to mark with distilled water. A 1:100 dilution exhibits an absorbance of 0.20 +
0.010 cm at 600 nm. The stock solution is stable for about 4 months when stored in the dark.
Discard when absorbance of a 1:100 dilution falls below 0.16/ cm. Do not change
concentration of dye for higher ranges of ozone residual. Volume of dye used may be
adjusted.

b. Indigo reagent I: To al-L volumetric flask add 20 mL indigo stock solution, 10 g
sodium dihydrogen phosphate (NaH,PO,), and 7 mL conc phosphoric acid. Dilute to mark.

Prepare solution fresh when its absorbance decreases to less than 80% of itsinitial value,
typically within aweek.

c. Indigo reagent Il: Proceed as with indigo reagent I, but add 100 mL indigo stock
solution instead of 20 mL.

d. Malonic acid reagent: Dissolve 5 g malonic acid in water and dilute to 100 mL.
e. Glycine reagent: Dissolve 7 g glycine in water and dilute to 100 mL.

4. Procedure
a. Spectrophotometric, volumetric procedure:
1) Concentration range 0.01 to 0.1 mg O4/L—Add 10.0 mL indigo reagent | to each of

two 100-mL volumetric flasks. Fill one flask (blank) to mark with distilled water. Fill other
flask to mark with sample. M easure absorbance of both solutions at £ 10 nm as soon as
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possible but at least within 4 h. Preferably use 10-cm cells. Calculate the ozone concentration
from the difference between the absorbances found in sample and blank (1 5a below). (NOTE:
A maximum delay of 4 h before spectrophotometric reading can be tolerated only for
drinking water samples. For other sample types that cannot be read immediately, determine
the relationship between time and absorbance.)

2) Range 0.05 to 0.5 mg O4/L—Proceed as above using 10.0 mL indigo reagent ||
instead of reagent |. Preferably measure absorbance in 4- or 5-cm cells.
3) Concentrations greater than 0.3 mg O4/L—Proceed using indigo reagent 11, but for

these higher ozone concentrations use a correspondingly smaller sample volume. Dilute
resulting mixture to 100 mL with distilled water.

4) Control of interferences—In presence of low chlorine concentration (<0.1 mg/L),
place 1 mL malonic acid reagent in both flasks before adding sample and/or filling to mark.
Measure absorbance as soon as possible, within 60 min (Br—, Br,, and HOBr are only
partially masked by malonic acid).

In presence of manganese prepare a blank solution using sample, in which ozoneis
selectively destroyed by addition of glycine. Place 0.1 mL glycine reagent in 100-mL
volumetric flask (blank) and 10.0 mL indigo reagent 11 in second flask (sample). Pipet
exactly the same volume of sample into each flask. Adjust dose so that decolorization in
second flask is easily visible but complete bleaching does not result (maximum 80 mL).

Insure that pH of glycine/sample mixture in blank flask (before adding indigo) is not
below 6 because reaction between ozone and glycine becomes very slow at low pH. Stopper
flasks and mix by carefully inverting. Add 10.0 mL indigo reagent Il to blank flask only 30 to
60 s after sample addition. Fill both flasks to the mark with ozone-free water and mix
thoroughly. Measure absorbance of both solutions at comparable contact times of
approximately 30 to 60 min (after thistime, residual manganese oxides further discolor
indigo only slowly and the drift of absorbance in blank and sample become comparable).
Reduced absorbance in blank flask results from manganese oxides while that in sample flask
is due to ozone plus manganese oxide.

5) Calibration—Because ozone is unstable, base measurements on known and constant
loss of absorbance of the indigo reagent (f =0.42 + 0.01/cm/mg O4/L). For maximum
accuracy analyze the lot of potassium indigo trisulfonate (no commercial lot has been found
to deviate from f = 0.42) using the iodometric procedure.

When using afilter photometer, readjust the conversion factor, f , by comparing
photometer sensitivity with absorbance at 600 nm by an accurate spectrophotometer.

b. Spectrophotometric, gravimetric procedure:

1) Add 10.0 mL indigo reagent 11 to 100-mL volumetric flask and fill flask (blank) to
mark with distilled water. Obtain tare weight of a second flask (volumetric or erlenmeyer).
Add 10.0 mL indigo reagent Il to second flask. Fill directly with sample (do not run water
down side), and swirl second flask until blue solution has turned to a light blue color. Weigh
flask containing indigo and sample.

2) Preferably using 10-cm cells, measure absorbance of both solutions at 600 £ 10 nm as
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soon as possible, but at least within 4 h. NOTE: A maximum delay of 4 h before
spectrophotometric reading is suitable only for drinking water samples. For other sample
types, test the time drift.

5. Calculations
a. Spectrophotometric, volumetric method:

100 x AA

e O = X v

where:
AA = difference in absorbance between sample and blank,
b = path length of cell, cm,
V = volume of sample, mL (normally 90 mL), and
f = 0.42.

The factor f is based on a sensitivity factor of 20 000/cm for the change of absorbance
(600 nm) per mole of added ozone per liter. It was calibrated by iodometric titration. The UV
absorbance of ozone in pure water may serve as a secondary standard: the factor f = 0.42
corresponds to an absorption coefficient for aqueous ozone, = 2950/M-cm at 258 nm.

b. Spectrophotometric, gravimetric method:

(fjl.': X IDD) — (Ag X V)
fx Ve X I

mg O./. =

where:
Ag, Ag = absorbance of blank and sample, respectively,

Vg = volume of sample, mL = [(final weight — tare weight) g x 1.0 mL/g] — 10 mL,
V+ = total volume of sample plusindigo, mL = (final weight — tare weight) g x 1.0

mL/g,
b = path length of cell, cm, and
f = 0.42 (see { a above).

6. Precision and Bias
For the spectrophotometric volumetric procedure in the absence of interferences, the
relative error isless than 5% without special sampling setups. In laboratory testing this may
be reduced to 1%. No data are available for the spectrophotometric gravimetric procedure.
Because this method is based on the differences in absorbance between the sample and
blank (AA) the method is not applicable in the presence of chlorine. If the manganese content
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exceeds the 0zone, precision is reduced. If the ratio of manganese to ozoneisless than 10:1,
ozone concentrations above 0.02 mg/L may be determined with arelative error of lessthan
20%.

7. Reference
1. HOIGNE, J. & H. BADER. 1980. Bestimmung von Ozon und Chlordioxid im Wasser
mit der Indigo-Methode. Vom Wasser 55:261.
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.
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