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● Downhole system—

a. Carefully lower a sampling tool attached to a wire line. 
b. At the collection point (in a well or in surface water), break 

the scored tip of the ampoule using a sharp upward tug on the 
sampling tool. (This permits sample water to be drawn into 
the ampoule. During transit to the surface, progressively 
decreasing pressure in the ampoule prevents cross 
contamination from overlying water through the capillary 
tip.)

c. Withdraw the ampoule from the sampler and mix the contents 
of the ampoule by inverting it several times, allowing the 
bubble to travel from end to end.

d. Wipe all liquid from the exterior of the ampoule, using a lint-
free tissue.

● Overflow cell— 

a. Purge the well (NFM 4.2). 

b. Connect the plastic overflow-sampler tube provided by 
CHEMetrics, Inc., to the outlet of the ground-water pump 
tubing with a short length (2 inches or less) of C-flex tubing. 
Reduce the pump flow rate to about 500 milliters (mL) per 
minute for sample collection. Continue pumping the well and 
allow the sample tube to overflow during sample collection.

● Use optically clear materials for the tubing and chamber 
(to check that entrained bubbles are not present). Air bub-
bles that adhere to the sides of the tubing and flowthrough 
chamber will add significant error to low-level DO mea-
surements (A.F. White, U.S. Geological Survey, written 
commun., 1993). 

● Flush air bubbles from the tubing walls and flowthrough 
chamber. Tap the tubing with the blunt end of a tool to dis-
lodge entrained air bubbles.

c. Insert the glass ampoule, tip first, into the overflowing 
sampler tube so that the tapered tip is at the bottom of the 
tube.

d. Snap the tip by gently pressing the upper end of the ampoule 
toward the wall of the sampling tube.

e. The ampoule will fill, leaving a bubble to facilitate mixing. 
Mix the contents of the ampoule by inverting it several times, 
allowing the bubble to travel from end to end.

f. Wipe all liquid from the exterior of the ampoule, using a lint-
free tissue.
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5. Insert the ampoule directly into the 13-mm-diameter spectropho-
tometer cell holder immediately after retrieval.

6. Read absorbance:

● Make spectrophometer readings as soon as possible after snap-
ping the tip of the ampoule, optimally within 30 seconds.

● Read each DO value three times and record the median value.

7. Calculate the DO concentrations using regression equations pro-
vided by CHEMetrics, Inc. (White and others, 1990). 

8. Quality control—

● Repeat steps 5 through 7 twice to document precision.

● To document the variability of DO concentrations within the 
water system, repeat steps 3 through 7 on three sequentially 
collected samples.

IODOMETRIC (WINKLER) 6.2.3 
METHOD

The USGS currently uses the Alsterberg-Azide modification to the Win-
kler titration procedure for iodometric determination of dissolved oxy-
gen.  The accuracy of measurements using the iodometric method 
should be within at least ±0.05 mg/L. 

The iodometric method currently is not being used as a standard 
field method in USGS investigations for measurement of 
dissolved oxygen because (1) the accuracy achievable can be 
variable and is dependent on the experience and technique of the 
data collector, (2) potential environmental interferences require 
advanced knowledge of sample chemistry, and (3) field conditions 
can make preventing exposure of the sample to atmospheric 
oxygen difficult. Nevertheless, use of the iodometric method can 
produce accurate results when correctly implemented.

The iodometric (Winkler) method is excellent for calibrating DO 
instrument systems in a laboratory environment. 

— When calibrating amperometric instruments in the laboratory 
using the Winkler procedure, deionized water saturated with air 
is titrated to determine the DO; the DO instrument is then 
adjusted to the concentration determined from the titration.

— If a saline solution is used to approximate the environmental 
water, do not apply a salinity correction factor. 
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6.2.3.A EQUIPMENT AND SUPPLIES
Equipment and supplies needed for the iodometric method are listed in 
table 6.2–5. The procedure involves the use of reagent packets avail-
able in premeasured pillow packets from commercial suppliers, or pre-
pared as described in Skougstad and others (1979) and American 
Public Health Association (2005). Clean all equipment before use. 

Table 6.2–5. Equipment and supplies for the iodometric (Winkler) method of 
dissolved-oxygen determination

[mL, milliliter; N, normal; μS/cm, microsiemens per centimeter at 25 degrees Cel-
sius; NFM, National Field Manual for the Collection of Water-Quality Data]

Beaker, 2,000 mL, glass or TeflonTM

Bottles for biological oxygen demand (BOD) analysis, glass  
stoppered, 300 mL

Stirrer, magnetic

Stirring bars, TeflonTM coated

Cylinder, graduated, 250 mL

Flask, Erlenmeyer, 250 mL

Buret, 25-mL capacity with 0.05-mL graduations and TeflonTM stop-
cock

Buret, support stand

Buret, clamp, double

Alkaline iodide-azide reagent

Manganous sulfate reagent

Sulfamic acid granules

Sodium thiosulfate, 0.025 N titrant

Starch indicator solution

Clippers, for opening reagent pillows

Appropriate safety gloves, glasses, and apron

Waste disposal container

White background sheet

Deionized water (maximum conductivity of 1 μS/cm)

Bottle, squeeze dispenser, for deionized water

Thermometer, calibrated (see NFM 6.1 for selection and calibration 
criteria)

Pocket altimeter-barometer, calibrated, Thommen model 2000TM or  
equivalent
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MEASUREMENT 6.2.3.B 
Measure DO on at least two subsamples, for quality control. 
Results of two iodometric titrations should agree within 0.1 mg/L. If 
they do not agree, repeat the titration on a third subsample. 

Follow steps 5 and 6 to perform the iodometric titration in duplicate. If 
the purpose is to check calibration of an amperometric or luminescent-
sensor instrument, start at step 1 and continue to the end.

1. Fill a 2,000-mL beaker with deionized water that is near DO satu-
ration. The water temperature should be close to the ambient (field 
or laboratory) temperature.

2. Prepare the DO instrument for operation according to the manu-
facturer’s instructions.

3. Place the DO sensor in a beaker of distilled water. With a magnetic 
stirrer, maintain a velocity of at least 1 ft/s past the DO sensor. 

4. Monitor the DO concentrations of the deionized water with the DO 
instrument and record the value after the readings have stabilized. 

5. Carefully fill two biochemical oxygen demand (BOD) bottles with 
deionized water from the beaker, taking care to avoid introducing 
any air bubbles, and overflowing the bottles adequately to remove 
any trapped air bubbles. 

6. Determine the DO concentration of the water in each BOD bottle, 
as follows:

a. Add one each of the following dry reagent pillow packets:
● alkaline iodide-azide (white powder).

● manganous sulfate (pinkish-colored powder). 

b. Recap the bottle. Do not allow air bubbles to be trapped in 
the bottle. 

c. Invert the bottle 25 times or more to completely dissolve the 
reagents. 

● An orange-brown flocculent indicates the presence of DO. 

● Allow the flocculent to settle halfway down the bottle 
(approximately 5 minutes).

● Invert the bottle 25 times again; let the flocculent settle 
again until the upper half of the solution is clear. 

d. Add one reagent pillow of sulfamic acid. 
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e. Recap the bottle without introducing air or air bubbles. Invert 
the bottle 25 times until all of the flocculent and granules are 
dissolved, leaving a yellow color.

f. Fill a clean 25-mL buret with 0.025 N (Normal) sodium 
thiosulfate titrant. Remove any air bubbles from the delivery 
tube beneath the stopcock and zero the meniscus. 

g. Use a clean, graduated cylinder to measure 200 mL of the 
sample and pour the sample into a clean, wide-mouth 
Erlenmeyer flask. 

h. Place the flask on a magnetic stirrer. Add a clean Teflon™ 
stirring bar and stir the sample at a moderate rate without 
aerating the sample. 

i. Add increments of sodium thiosulfate titrant until the color 
turns pale straw-yellow. 

j. Add 1 to 2 mL of starch indicator solution. (This causes the 
sample to turn dark blue.)

k. Very slowly add more sodium thiosulfate titrant until the 
sample just turns clear. (A white background behind the bottle 
will help you see the color change.) 

l. Record the volume of sodium thiosulfate titrant used, in 
milliliters. 

● For a 200-mL sample, the volume of titrant added is directly 
proportional to the amount of DO in milligrams per liter. 

● To calculate DO for a sample volume greater or less than 
200 mL,

m. Record the DO value. Rinse the equipment with deionized 
water. 

n. Quality control—The titration values for the duplicate 
samples should agree within 0.1 mg/L. If they do not, repeat 
the titration on a third sample. 

7. Recheck the field instrument for proper functioning, following the 
manufacturer’s instructions. Adjust the calibration control until the 
DO instrument system reads the DO concentration determined 
from the iodometric measurement.

DO (mg/L)
200

sample volume
---------------------------( ) titrant added, in mL×=
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REPORTING 6.2.4
USGS personnel are instructed to enter the DO value on the National 
Water Quality Laboratory Analytical Services Request form and on the 
field form.

DO concentrations are determined to the nearest 0.1 mg/L.

If the concentration exceeds 20 mg/L, report “>20 mg/L.” 

Note that the percentage of DO saturation in water can be greater 
than 100. 

CORRECTION FACTORS FOR 6.2.5 
OXYGEN SOLUBILITY 
            AND SALINITY

Correction factors for the solubility of oxygen at various temperatures 
and pressures and for salinity based on conductivity are given in tables 
6.2–6 and 6.2–7, respectively. Tables 6.2–6 and 6.2–7 were generated 
from the equations of Weiss (1970) and can be customized to cover the 
range and decimal places needed (see U.S. Geological Survey Quality of 
Water Branch Technical Memorandum 81.11, 1981). Interactive software 
to generate a specific range of oxygen-solubility and salinity correction 
factors can be accessed at http://water.usgs.gov/software/dotables.html 
(accessed Apr. 28, 2006).

To convert oxygen-saturation values for salinity, use correction factors 
based on chloride concentration or conductivity. Refer to the manufac-
turer’s instructions for the DO instrument before applying a salinity cor-
rection.

Correcting DO solubility for saline waters (salinities greater than 
2,000 microsiemens per centimeter or 1,000 mg/L chloride) varies 
with instrument type, calibration method, and the salts in solution. 

The correction based on conductivity (table 6.2–7) is more useful 
because accurate conductivity can be determined easily from a 
field measurement. Salinity correction factors based on chloride 
can be calculated using information provided in U.S. Geological 
Survey Quality of Water Branch Technical Memorandum 79.10, 
1979.
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DO instruments use either an automatic internal salinity 
correction, a manual salinity control knob for internal 
correction, or the calibration control knob for manual salinity 
correction. 

Check that instruments with automatic internal salinity 
correction use approved salinity correction factors.

Example of salinity correction:

8.2 mg/L x 0.951=7.8 mg/L

where,

8.2 mg/L is 100-percent DO saturation from table 6.2–6, 
0.951 is the correction factor from table 6.2–7, and 
7.8 mg/L is the corrected value. 
For this example, you would adjust the DO instrument to 7.8 mg/L 
from 8.2 mg/L.

To express results as percent saturation, use the following equation:

DO (percent saturation)
measured DO (mg/L)

DO (mg/L at 100 percent saturation)
------------------------------------------------------------------- 100×=
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