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This standard is issued under the fixed designation D 5462; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3.2.2 equilibrium-type probes-modified polarographic

1.1 This test method covers the on-line determination off€nSing probes that have a negligible influx of oxygen through
dissolved oxygen (DO) in water samples primarily in rangesh® membrane except during changes of sample DO concen-
from 0 to 500 pg/L (ppb), although higher ranges may be use#fation. Oxygen consumption and regeneration balance each
for calibration. On-line instrumentation is used for continuousCther within the probes under stable conditions, and the net flux
measurements of DO in samples that are brought througtirough the membrane is insignificant.

sample lines and conditioned from high-temperature and high- 3-2.3 galvanic systems-sensing probes and measuring in-
pressure sources when necessary. struments that develop an electrical current from two elec-

1.2 This standard does not purport to address all of thetrodes inside the probe from which the final measurement is

safety concerns, if any, associated with its use. It is thélerived. ,
responsibility of the user of this standard to establish appro- 3.2.4 partial pressure (of oxygerjthe volume fraction of
priate safety and health practices and determine the applica®xygen multiplied by the total pressure. The partial pressure of

bility of regulatory limitations prior to useor specific hazards ©0Xygen is the actual parameter detected by DO probes, whether
statements, see 6.5. in air or dissolved in water.

3.2.5 polarographic systemssensing probes and measur-

2. Referenced Documents ing instruments that include circuitry to control the operating
2.1 ASTM Standards: voltage of the system, usually using a third (reference) elec-
D 1066 Practice for Sampling Stedm trode in the probe.

D 1129 Terminology Relating to Watfer

D 1192 Specification for Equipment for Sampling Water4' Summary of Test Method

and Steam in Closed Condifits 4.1 Dissolved oxygen is measured by means of an electro-
D 1193 Specification for Reagent Waker chemical cell separated from the sample by a gas-permeable
D 2777 Practice for Determination of Precision and Bias of"émbrane. Behind the membrane and inside the probe, elec-

Applicable Methods of Committee D-19 on Waker trodes immersed in an electrolyte develop an electrical current
D 3370 Practices for Sampling Water from Closed Con-Proportional to the oxygen partial pressure of the sample.

duit< 4.2 The partial pressure signal is temperature compensated

D 3864 Practice for Continual On-Line Monitoring Systems automatically to account for variations with temperature of the
for Water Analysid following: oxygen solubility in water; electrochemical cell

output; and, when necessary, diffusion rate of oxygen through

3. Terminology the membrane. This yields a direct readout in concentration of
3.1 Definitions—For definitions of terms used in this test Mg/L (ppb) or mg/L (ppm). . o

method, refer to Terminology D 1129. 4.3 Diffusion-type probes rely on a continuous diffusion of
3.2 Definitions of Terms Specific to This Standard: oxygen through the membrane. Immediately inside the mem-

3.2.1 diffusion-type probes-galvanic or polarographic sen- brane, oxygen is reduced at the noble metal cathode, usually
sors that depend on the continuous influx of oxygen througlﬁ)launum or gOld An electrical current is deVeIOped that is

the membrane to develop the measurement signal. directly proportional to the arrival rate of oxygen molecules at
the cathode, which is in turn dependent on the diffusion rate

through the membrane. The less noble anode, usually silver or
* This test method is under the jurisdiction of ASTM Committee D19 on Water lead, completes the circuit and is oxidized in proportion to the
and is the direct responsibility of Subcommittee D19.03 on Sampling of Water an¢s\,rrent flow. At steady state. the resulting current signal is then

Water-Formed Deposits, Surveillance of Water, and Flow Measurement of Water. . | h ial f th |
Current edition approved June 10, 2002. Published August 2002. Originall)})mpOrtlona to the oxygen partial pressure of the sample.
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Thorough descriptions of diffusion-type probes are given bythe diffusion rate of oxygen. (Equilibrium-type probes are not
Hitchman(1)® and Fatt(2). subject to errors from flowrate or coating.)

4.4 Equilibrium-type probes rely on oxygen diffusion 6.4 Calibration must be corrected for barometric pressure
through the membrane only until equilibrium between theaccording to the manufacturer's recommendations at atmo-
inside and outside is achieved. Oxygen is reduced at the nobfgheric conditions that deviate from a nominal range of 745 to
metal cathode, as with diffusion-type probes. However, th&75 mmHg. See Table 1 for altitude corrections. Calibration
measuring circuit forces electrical current to flow through theunder low-pressure conditions without compensation would
noble metal anode equal and opposite to that at the cathodessult in positive measurement errors.
and the resulting oxidation reaction produces 6.5 The growth of bacteria in sample lines and flow cham-
oxygen. This is the exact reverse of the reaction at the cathodbers and on probe membranes can consume oxygen and cause
so there is no net consumption of oxygen by the probe. Ihegative errors. Chemical sterilization with hydrochloric acid
reaches equilibrium in constant DO samples, and no nefl + 44)or sodium hypochlorite solution (10 mg/L) should be
oxygen diffuses through the membrane. Accuracy is noperformed if errors from bacteria growth are suspected.
dependent on membrane surface condition or sample flonWarning—Do not mix hydrochloric acid and sodium hy-

rate.* pochlorite since hazardous chlorine gas would be released
. rapidly.)
5. Significance and Use 6.6 The passage of high-temperature samples containing

5.1 DO may be either a corrosive or passivating agent irboth DO and an oxygen scavenger through hot sample lines
boiler/steam cycles and is therefore controlled to specifican allow continued reaction of the two. With long sample
concentrations that are low relative to environmental andines, the DO measured at the probe may be significantly below
wastewater treatment samples. Out-of-specification DO corthat at the sample point. Short sample lines and cooling near
centrations may cause corrosion in boiler systems, which leadfie source are recommended.
to corrosion fatigue and corrosion products—all detrimental to 6.7 \olatile oxygen scavengers or suppressants, such as
the life and efficient operation of a power unit. The efficiency hydrazine, amines, and hydrogen, that pass through the probe
of DO removal from boiler feedwater by mechanical or membrane may cause unwanted reactions at the electrodes and
chemical means, or both, may be monitored by continuousiyegative errors. The magnitude of errors depends on the
measuring the DO concentration before and after the removaélative concentrations of DO and the oxygen scavenger or
process with on-line instrumentation. DO measurement is alssuppressant as well as the type of electrochemical cell used.
a check for air leakage into the boiler water cycle. The probe manufacturer's cautions and limitations should be

5.2 Guidelines for feedwater to high-pressure boilers withconsidered.
all volatile treatment generally require a feedwater DO con- 6.8 New sample lines require conditioning to achieve equi-

centration below 5 ug/I(3). librium conditions. See Practices D 3370 to avoid sampling
5.3 Boiler feedwater with oxygenated treatment is main-interferences.
tained in a range of 50 to 300 pg/L D@). 6.9 Iron oxides and other deposits accumulate in slow-

5.4 In microelectronics production, DO can be detrimentalflowing horizontal sample lines and can develop
in some manufacturing processes, for example, causing unde-
sirable oxidation on silicon wafers.

TABLE 1 Solubility of Oxygen (mg/L) at Various Temperatures

6. Interferences and Elevations (Based on Sea Level Barometric Pressure of
6.1 The leakage of atmospheric air into samples is some- 760 mmHg) (5)
times difficult to avoid and detect. Although sample line fittings Temperature, Elevation, ft above Sea Level
and connections to flow chambers may be water tight, it is still ¢ 0 1000 2000 3000 4000 5000 6000
possible for air to diffuse through the water film of a joint to 0 146 141 136 132 127 123 18
contaminate a low-pg/L sample. Section 9 provides further 2 138 133 129 124 120 116 112
details on this non-obvious interference. 4 sl 127 122 119 114 110 106
P . 6 124 120 116 112 108 104 101
. 6.2 D|ffu5|on—typ§ prpbes consume oxygen and will deplete 8 18 114 1.0 106 103 99 96
it from the sample in immediate contact with the membrane 10 113 109 105 102 9.8 9.5 9.2
surface unless an adequate, turbulent sample flow is main- ﬁ ig-g 13-;‘ 13-; g-; g-g §-§ g-g
tained. The manufacturer's minimum flowrate recommenda- 4 99 97 92 8.9 8.6 83 8.0
tions must be met or exceeded in order to prevent erroneously 18 9.5 9.2 8.7 8.6 8.3 8.0 7.7
i 20 9.1 8.8 8.5 8.2 7.9 7.7 7.4
low read_lngg. . . 22 8.7 8.4 8.1 7.8 7.7 7.3 7.1
6.3 Diffusion-type probes are subject to negative errors 5, 8.4 81 78 76 73 71 68
from the buildup of coatings such as iron oxides, which impede 26 8.1 7.8 76 73 7.0 6.8 6.6
28 7.8 7.5 7.3 7.0 6.8 6.6 6.3
30 7.5 7.2 7.0 6.8 6.5 6.3 6.1
32 7.3 7.1 6.8 6.6 6.4 6.1 59
3 The boldface numbers in parentheses refer to the list of references at the end of 34 71 6.9 6.6 6.4 6.2 6.0 5.8
this test method. 36 6.8 6.6 6.3 6.1 5.9 5.7 55
4Leeds & Northrup, North Wales, PA, Model 7931 dissolved oxygen analyzer 38 6.6 6.4 6.2 5.9 5.7 5.6 5.4
and probe have been found to provide satisfactory equilibrium-type probe perfor- 40 6.4 6.2 6.0 5.8 5.6 5.4 52

mance.
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chromatograph-like retention of dissolved species, resulting itee on Analytical Reagents of the American Chemical Society,

very long delay times. Precautions are described in Section Svhere such specifications are availaBl@ther grades may be
6.10 The response time can be slow for large decreases used, provided it is first ascertained that the reagent is of

DO. This is especially true of measurements below 10 pg/lsufficiently high purity to permit its use without lessening the

following air calibration, which corresponds to a concentrationaccuracy of the determination.

decrease of 3 to 4 orders of magnitude. Hours may be required 8.2 Purity of Water— Unless otherwise indicated, refer-

for all traces of oxygen to diffuse out of the probe and toences to water shall be understood to mean reagent water as

achieve accurate measurements at low pg/L levels. defined by Type | of Specification D 1193.
8.3 Hydrochloric Acid(1 + 44)—Add 1 volume of concen-
7. Apparatus trated HCI (sp gr 1.19) to 44 volumes of water and mix.
7.1 Measuring Instrument 8.4 Sodium Hypochloritg10 mg/L)—Add approximately

7.1.1 The instrument should have both pg/L (ppb) and mg/L0.05 mL (1 drop) of 5 % NaOCI solution (commercial bleach
(ppm) range capability. It must have a span calibration adjustis satisfactory for this purpose) to 250 mL of water.
ment to match the readout to the sensitivity of a particular 8.5 Cobalt Chloride Solution, SaturatedDissolve 4.5 g of
probe. cobalt chloride (CoG) in 10 mL of water.

7.1.2 The direct readout of DO concentration requires 8.6 Sodium Sulfite Zero Solutiqd0 g/200 mL)—Dissolve
temperature compensation for effects of the followingt)( 10 g of sodium sulfite (N85GOs) in 200 mL of water.
?Bi;yg\g/\?r?e?]oIzggg}ésﬁ;:}\/[atgir{fﬁ)s%ﬁcf’gzh%rfnIgillgilrz O':Jr:FouJ(igﬁn?he Note 1—‘_I'o attain_zero DO more rapidl)_/, add two dr_ops of saturated

- ! . . ; . cobalt chloride solution to the sodium sulfite zero solution.
membrane. During air calibration, the instrument must disable

the oxygen solubility portion of the compensation to respon®. Sampling

only to partial pressure. _ _ 9.1 Design and operate the sample lines to maintain sample
7.1.3 If included, electrical output signal(s) from the INStru-integrity and fast response. Follow the applicable sampling

ment must be isolated from the probe measuring circuit a”%recautions in Practices D 1066, D 3370, and D 3864 and
from earth ground in order to prevent ground loop problemsgpecification D 1192.

when the instrument is connected to grounded external devices.g 2 yse sample lines of compatible materials. Do not use

7.2 Probe _ _copper because it can oxidize and consume oxygen. The
7.2.1 Diffusion-type probes use galvanic or polarographiGyreferred materials are 316SS followed by PVDF and Nylon.
systems, with a noble metal cathode and oxidizable anodgost other plastic and rubber tubing materials are gas perme-
immersed in an electrolyte and separated from the sample withyje and allow significant oxygen diffusion into the sample. A
a polyethylene or fluorocarbon gas-permeable membrane. giscussion of suitable sampling materials for this purpose is

7.2.2 Equilibrium-type probes are similar to polarographlcgi\,en by Carr(12).
probes, except that both the anode and cathode are platinumg 3 Maintain a continuous, stable flowrate to enable the
and the anode is not oxidized. _ _ sample line to reach equilibrium with the sample conditions.
7.2.3 A sealed flow-through probe configuration must b&yeasurements following changes to the sample flowrate or
used to prevent contamination from the atmosphere, as dgsmperature may not represent actual process conditions during
scribed in 6.1. The flowrate must be maintained within theihe period of time required to recover from transient effects.
man_ufacture_r s recommendations. The probe must be capab_le9_4 Seal the sample from the atmosphere to prevent oxygen
of withstanding the flowrate, temperature, and pressure Condébsorption. Leakage of the equivalent of only one 2-mm-
tions of the installation. The probe must incorporate an integrajjiameter air bubble/min into a sample flowing at 100 mL/min
precision temperature sensor to ensure that it senses the samplfys approximately 11 pg/L oxygen to the sample. Test the
temperature at which the DO is being detected in order @Qample line integrity by observing the measurement under
ensure accurate temperature compensation with fast responggaady state conditions of DO and increasing the sample
7.2.4 Diffusion-type probes must have their electrodesyigyrate approximately 50 %, but not exceeding the manufac-
electrolyte, and membrane serviced or replaced according @rer's recommendations. A significant decrease in DO reading
the manufacturer's recommendations. Equilibrium-type probeg ysually an indication of air leakage since the higher flowrate
do not require internal maintenance. dilutes the leak. (Arincreasein DO reading could be observed
7.2.5 Probe membranes must be cleaned per the manufagith 5 diffusion-type probe and indicates that the original
turer's recommendations. The cleaning frequency is detefioyrate was too low, as described in 6.2. The flowrate must
mined by experience with the particular sample and must bgyen pe increased until a stable plateau of response is reached.)
sufficient to maintain accep_table accuracy with dlffu3|on-pre 9.5 In power plant installations in which iron oxide and
probes (see 6.3). The cleaning of equilibrium-type probes is nQfiher solids occur in pure water samples, control flowrates to

necessary unless a heavy coating increases response timepQhimize the accumulation of deposits, which could delay the
becomes biologically active (see 6.5).

8. Reagents
; B 5 “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
8.1 Pu”ty of Reagent_&Reagent grade chemicals shall be cal Soc., Washington, DC. For suggestions on the testing of reagents not listed by

used in all tests. Unless otherwise 'nq|9at9di it is intended thallie American Chemical Society, see “Analar Standards for Laboratory Chemicals,”
all reagents shall conform to the specifications of the CommitBbH Ltd., Poole, Dorset, UK, and the “United States Pharmacopeia.”



A8 D 5462 — 02
“afl

transport of dissolved materials greatly. A water sample flow 10.3.3 For a check of calibration within the normal mea-
velocity of 1.8 m/s (6 ft/s) in sample lines has been foundsurement range on-line, use a commercially available self-
optimum. Additional sample line design criteria have beerfilling colorimetric ampoule test kit. See Appendix X1.

documented in Ref67-9). 10.3.4 For an off-line standard to verify calibration within
the normal measurement range, saturate water with a precisely

10. Calibration known oxygen-in-nitrogen gas mixture, as described in Appen-
dix X2.

10.1 map edit amMeasuring Instrument Evaluate the
measuring instrument calibration and performance using sul®l. Procedure

stitute resistors in place of the probe, or by other means as 111 Set up the flow type DO probe, leadwire, and instru-
recommended by the manufacturer. ment. Where severe fouling is anticipated at startup, divert the
10.2 Temperature Measurement CircuiBecause of the sample initially to prevent an accumulation of contaminants in
high-temperature coefficient of the solubility of oxygen in the probe and flow chamber. If using a sample line, establish a
water (see Table 1), verify the temperature measuremerfowrate through the cell of 200 mL/min, or according to the
accuracy within+1°C. Some temperature measurement cir-manufacturer's recommendations, and allow several hours of
cuits require precise temperature calibration after installation iminse time for the probe to dissipate all of the oxygen
order to compensate for leadwire resistance and ensure accaecumulated during storage under atmospheric conditions.
rate temperature compensation. Calibrate the temperature medake a check for air leakage, as described in 9.4. Calibrate the
surement according to the manufacturer's recommendatioriastrument span per 10.3 and the manufacturer's recommen-
where applicable. dations.
10.3 Probe 11.2 Allow sufficient time for excess oxygen from the
10.3.1 Air standardization uses the consistent compositiof@libration to dissipate per 6.10, and read the DO to the nearest
of the atmosphere at 20.9 % oxygen with barometric pressur@-1 Ha/L.
correction to provide a universally available and reliable partiah 2 precision and Bias
pressure standard for span adjustment. With diffusion-type
probes, fpllow the manufacturer's recommendations fordryinqnent' such as this one, are specifically exempted from the
the outside of the membrane to prevent water drops frorrl‘]e

. e quirements for collaborative testing as specified in 1.3.3 of
affecting the oxygen diffusion rate. Expose the probe MeMy - tice D 2777,

brane to water-saturated air and wait for the reading to stabilize ;5 5 g e statistical experience with high-purity DO mea-

Lurlcl’}(l:'gjdd?;t the instrument span control per the manufacturer Ssurements in power plants has been compiled as part of EPRI

L . . ] project RP2712-310).
10.3.2 Zero DO standardization consists of immersing the

probe into a solution of sodium sulfite for several hours. Thel3. Keywords
reading should be between 0 and 4 pg/L DO. Zero the 13.1 dissolved oxygen; galvanic cell; oxygen; polarographic
instrument. sensor

12.1 Methods involving continuous sampling or measure-

APPENDIXES
(Nonmandatory Information)

X1. ON-LINE CALIBRATION CHECK

X1.1 For a calibration check with the DO instrument X1.2 Follow the test kit manufacturer’s instructions for
operating on line, use a commercially available self-fillingsampling and measurement. Agreement between the on-line
colorimetric ampoule test kit. Make the check under stable DOnstrument and test kit determination should be wittih5 %
conditions and without changing the overall sample flowrate irof the average of the two values a13 pg/L (ppb), whichever
order to prevent the errors noted in 6.10 and 9.3. is greater.
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X2. DISSOLVED OXYGEN STANDARDS

X2.1 The apparatus and procedures described in thisOxygen-m-NJtrogen BISFUEFI(SQ_TYPE
appendix permit the convenient establishment of DO-in-waterg,s stangard w= o ACCESS PORT
standards of good quality for off-line checks. Make DO-in- ) il
water standards by bubbling oxygen-in-nitrogen gas mixtures 3
through a water sample. Use these standards to calibrate DO
instrumentation in the range of measurement. Water .
~" Q
X2.2 Determine the DO concentration attained by Henry’s Pump~_| o= A R TvPE
law (11): D.0. PROBE
C=X(P — P,) exp(16.9775— (5269— 1 004 2007)/T) ~Bubbler
X2.1
ey St ™ Tip Break-0ff
where . Device
C = DO concentration (ug/L),
X = volume fraction of oxygen in the gas mixture (unit-

FIG. X2.1 Apparatus for Off-Line Calibration

less),
P = gas pressure (bar),
T = temperature (K), and puncturing with a hypodermic needle. The bubbler is fed with
P, = water vapor pressure (bar) given by (Eq X2.2). the standard gas through a tee fitting that closes the ring. The
P, = exp(11.86— (3841+ 216 960T)/T) (x2.2) tip break-off device is a plastic bar, with holes to allow

convenient snapping of the tip of a colorimetric ampoule.

X2.2.1 Amb_lent air pressure may be measured W'th.a%hen not in use, the ampoule access port may be covered
accurately calibrated barometer. It may also be determine Losely

from the barometric pressure recorded by a local weather - N .
: . . . . . X2.5.2 Stir with a magnetic stirring bar to ensure uniform

station or airport, with a correction for the altitude difference " . )
Pmposmon. For diffusion-type probes that require a

between the location of use of the test method and the Weath(rénanufacturer-s ecified flowrate past the membrane. use a
station; 1 bar = 750.1 mmHg. P P '

recirculating pump and tubing, as shoWrfFor equilibrium-
X2.3 Obtain a compressed cylinder of certified oxygen-in-YP€ Probes, immerse the probe directly into the water in the

nitrogen gas mixture to provide the desired DO standard in (E§ONt&INer via a larger access port similar to the ampoule port;
X2.1) or Table X2.1. no pump is necessary. In both cases, water must cover the

membrane and temperature sensor completely, as specified by
X2.4 Deliver the gas mixture through a pressure regulatothe manufacturer.

adjustable to 3 to 5 kPa (20 to 34 psig) and flowmeter with a X2.5.3 Adjust the gas flow to approximately 1.2 to 1.8
range of 0 to 2.0 L/min. L/min to provide thorough sparging and only a slight positive
pressure in the beaker.
X2.5 Assemble the apparatus as shown in Fig. X2.1.

X2.5.1 The apparatus consists of a 1-L beaker with thick X2.6 Sparge the water for 20 min or until the DO reading

plastic lid having access holes for the insertion of tubing, DOStab'I'ZeS' Measure the water temperature.

probe, and colorimetric ampoule, as required, for the equip- x> 7 calibrate the instrument to the calculated standard
ment to be standardized. Small gaps should be left in the li5,e from (Eq X2.1).

seal or access holes to allow gas to escape without significant

pressure buildup. The bubbler is a ring of perforated silicone X2.8 Precautions:

tubing disposed around the circumference of the beaker at w5 g1 se fresh water daily. Clean the system regularly

approximately the mid-height level. This tube is perforatedy;i gilute sodium hypochlorite solution to prevent biological
with approximately 20 evenly spaced holes produced b%rovvth. Rinse thoroughly.

X2.8.2 Keep the system at atmospheric pressure. Do not

TABLE X2.1 Dissolved Oxygen Standards at 760 mmHg restrict the top of the container enough to produce any

DO Standard, pg/L Gas Mixture (ppm Oxygen in Nitrogen) significant gas pressure buildup. A pressure of_ 7.6 _mmHg (4in.
H,0) would lead to an error of 1 % in the calibration.

15°C 20°C 25°C ;
m 08 30 p— X2.8.3 Do not use any oxygen scavenger chemicals. They
2 415 261 507 prevent obtaining of the equilibrium of oxygen and pure water
30 623 691 760 for which Henry’s law and (Eq X2.1) apply.

40 831 921 1014

60 1246 1382 1521

80 1661 1843 2028 -

100 2077 2303 2534 & Micropump, Concord, CA, Model 655, with pump head Model 155, has been

found satisfactory for this purpose.
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