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INTERNATIONAL

Standard Test Methods for
Continuous Measurement of Ozone in Ambient, Workplace,
and Indoor Atmospheres (Ultraviolet Absorption) 1

This standard is issued under the fixed designation D 5156; 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 E 380 Practice for Use of the International System of Units

1.1 This test method describes the sampling and continuous _(S!) (the Modernized Metric Systerh)

analysis of ozone (Q in the atmosphere at concentrations 2:2 Other Documents: _
Pollution Measurement Systeml |, “Principles™

ppm(V)). . ,
1.1.1 The test method is limited to applications by its EPA-600/4-77-027aQuality Assurance Handbook for Air
sensitivity to interferences as described in Section 6. The Pollution Measurement Systemgol I, “Ambient Air
interference sensitivities may limit its use for ambient and  Specific Methods®
workplace atmospheres. ;
1.2 The values stated in Sl units are to be regarded as th% Terminology

standard. 3.1 Definitions—For definitions of terms used in this test
1.3 This standard does not purport to address all of theMethod, refer to Terminology D 1356. An explanation of units,
safety concerns, if any, associated with its use. It is thymbols, and conversion factors may be found in Practice

responsibility of the user of this standard to establish appro-E 38

priate safety and health practices and determine the applica- 3-2 Definitions of Terms Specific to This Standard:
bility of regulatory limitations prior to use. 3.2.1 absolute ultraviolet photometera photometer whose

design, construction, and maintenance is such that it can

2. Referenced Documents measure the absorbance caused Qyrixtures without refer-

2.1 ASTM Standards: ence to external absorption standards. Given a value for the

D 1356 Terminology Relating to Sampling and Analysis of @0sorption coefficient of @at 253.7 nm and a reading from the
Atmosphere% absolute ultraviolet photometer, ;Cconcentrations can be

D 1357 Practice for Planning the Sampling of the Ambientcalculated with accuracy. An absolute ultraviolet photometer is
Atmospherg used only on prepared @nixtures free from interferences, as

D 1914 Practice for Conversion Units and Factors Relating” calibration activity. _ _
to Sampling and Analysis of Atmosphefes 3.2.2 primary standard—a standard directly defined and
dureg standards are compared.

D 3631 Test Methods for Measuring Surface Atmospheric 3-2.3 secondary standaréa standard used as a means of
Pressurd comparison, but checked against a primary standard.

D 3670 Guide for Determination of Precision and Bias of 3.2.4 standaré—an accepted reference sample or device
Methods of Committee D22 used for establishing the measurement of a physical quantity.

D 5011 Practices for Calibration of Ozone Monitors Using 3-2-5 transfer standare-a type of secondary standard; it is
Transfer Standards a transportable device or apparatus that, together with opera-

D 5110 Practice for Calibration of Ozone Monitors and tional procedures, is capable of reproducing pollutant concen-
Certification of Ozone Transfer Standards Using Ultravio-trations or producing acceptable assays of pollutant concentra-
let Photometry tions.

4. Summary of Test Method

4.1 This test method is based on the absorption of ultraviolet
* These test methods are under the jurisdiction of ASTM Committee D22 onygdiation at 253.7-nm wavelength by;@nd the use of an
Sampling and Analysis of Atmospheres and is the direct responsibility of Subcom-
mittee D22.03 on Ambient Atmospheres and Source Emissions.
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ozone-specific scrubber to generate a reference air stream wishich as lachrymation and burning eyes. Ozone is much more
only O; scrubbed from it. A single-cell ultraviolet absorption easily monitored than these photochemical oxidants and pro-
photometer is used, with the cell filled alternately with ambientvides a good indication of their concentrations, and it is
and O;-scrubbed ambient air. The absorption to be measured #ierefore the substance that is specified in air quality standards
the lower part of the operating range is extremely smalland regulations.

Special precautions and designs must be used to obtain

accurate results. 6. Interferences

4.2 The absorption of radiation at 253.7 nm by & very 6.1 Any aerosol or gas that absorbs or scatters ultraviolet

low concentrations follows the Beer-Lambert Law. Namely, for 4 qiation at 253.7 nm. and that is removed by thespecific

a cell of lengthd, assuming a constant input ultraviolet gorpper, constitutes an interferdi) to this test method8).

intensity, the ratio of the emerging intensities for the cell filledp g ticulate matter can be removed with a poly-

with sample air|, and with Q-scrubbed airl,, is: tetrafluoroethylene (PTFE) membrane filter. Any type of filter
e can, however, become contaminated and may then scgulb O
BN (cad) (l) y Cs

o is important to check the Qnertness of such devices fre-

quently.

\(/:vhe:re{he concentration of © ppm (v) 6.2 Some reported positively interfering organic species for
d = the length of the cell, cm, and ’ a manganese dioxide scrubber are tabulated in Annex A2 of
a = the absorption coefficient bfgner length unitotiand  this test method. In general, if interferences are suspected, it is

per concentration unit of. preferable to use another test method rather than to try to scrub
4.3 When ¢ad) is << 1, as is the case for@t 253.7 nm in out the interfering agent, since the instability of @akes the
the concentration range specified for this test method, thiesting and proving of additional interferant scrubbers particu-

approximation larly difficult. _ _ N _
6.3 Water vapor may constitute either a positive or negative
er=~(1-x (2)  interferant in instruments calibrated with dry span (&42).
can be used to simplify the signal processing electronics, so 6.3.1 Improperly polished absorption cell windows may
that lead to increased signal noise and apparent ozone increases in
I~ 1, (1— cad @) instruments subject to rapidly changing humidity, such as at a

coastal site where instruments may be exposed to frequent
shifts between relatively dry terrestrial and moist oceanic air
parcels(8).
6.3.2 A negative water vapor interference, due to humidity
4.4 At 1 ppm (v), the high end of the recommended rangegdependent changes in elution rates of interferences from the
and a path length of 50 cm, the error resulting from applicatiorozone scrubber may develop in manganese dioxide scrubbers
of the above approximation is approximately 1 part in 10 000exposed to ambient aifl0, 12, 13) This phenomenon is
4.5 Thus, the concentration of;@an be obtained from the described in 7.2.6.
difference between the signal from the photosensor (often a
vacuum photodiode) when the contents of the absorption cell. Apparatus

contain sample air from which{has been scrubbed, andwhen 7 1 |nstruments are commercially available that meet the

and thus

[ |
o~ o g @

it contains sample air containing;O __ specifications provided in Annex Al. Note that these specifi-
4.6 At5 ppb (v) with @ 50-cm path length, the absorption iscations do not cover operation where the ambient temperature
approximately 308< 0.005x 50 X 107° or X 107> (1-4).° changes rapidly.

. 4.7 The instrument is caliprated b){ methods given in Prac- 7 5" The elements of the typical 0zone-measuring system are
tices D 5011 and D 5110, which describe the use of an absolutoqu\,n in Fig. 1. Assembled, they form a photometric ultravio-

ultraviolet photometer as a primary standard and the qualifiiet monitor with specifications conforming to those listed in
cation and use of transfer standards. Annex Al. The components are described in 7.2.1-7.2.8.
. 7.2.1 Ultraviolet Absorption Cell constructed of materials
5. Significance and Use inert to O;, for example, PTFE-coated metal, borosilicate glass,

5.1 Standards for Qin the atmosphere have been promul-and fused silica. It shall be mechanically stable so that the
gated by government authorities to protect the health an@ptical alignments of the source, sensor, and any beam-
welfare of the public(5) and also for the protection of directing devices (mirror, prisms, or lenses) are not affected by
industrial workerg(6). changes in ambient temperature (Fig. 1(F)).

5.2 A|thOUgh Q itself is a toxic material, in ambient air it is 7.2.2 Ultraviolet Lamp_A |ow-pre55ure mercury vapor
primarily the photochemical oxidants formed along withi®  discharge lamp enclosed in a shield to prevent its radiation at
polluted air exposed to sunlight that cause smog symptomggs nm (which generates,from reaching the absorption cell

(Fig. 1(J)).
7.2.2.1 The lamp output at 253.7 nm shall be extremely
® The boldface numbers in parentheses refer to the list of references at the end stable, or provision shall be made to compensate for short-term
this test method. variations at 253.7-nm output, for example, by the use of a
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c the interferant while actual Qvalues are very low or zero are
A —0—6)——{1]— included in the mean. This may not be true where hourly
B 1 averages are calculated by simple arithmetical averaging of
' H . L .
instantaneous values taken within a 1-h period, or where the

instrument contains a zero clamp that prevents negative values

E _,,,Ai F G from being output (Fig. 1(D)). After exposure to ambient air,
some manganese dioxide ozone scrubbers may develop anoma-

; lous sensitivity to water vapor. Since such anomalous scrub-

T I I R T N bers regain normality at low humidity, their anomalous behav-
K I_L YRS Y o ior can not be detecteq during span gas calibrations us_ing dry
-1 zero air.Scrubber efficiency tests must be conducted with wet
span gas to identify such anomalous manganese dioxide
; :::‘ﬂcu!ltt Fitter g.‘g;::mn cet ;.?&:"g;:;cll-r Cartr|d965(14, 15) ) .
5- Ozone Spectte Fiter [ Shield  amp N-Pump 7.2.7 Pump—A small air pump to pull the sample air
E- Sensor K- Signal Processing Electronica through the instrument (Fig. 1(N)).
FIG.1 Schematic Diagram of a Typical Ultraviolet Photometer 7.2.8 Flowmeter to verify that air is moving through the

instrument (Fig. 1(L)).
lamp-intensity monitor to measure output from the lamp and 7.3 Internal Lines and Fittingsin the sample stream prior to
with electronics to adjust the signal from the ultraviolet sensorshe adsorption cell and the scrubber, constructed of PTFE
correspondingly. fluorocarbon or other Qinert material.

7.2.2.2 Shield constructed of high-silica glasso remove 7.4 Signal Processing Electronicgontaining several dis-
the 185-nm line and permit the transmission at 253.7-nMinct elements (Fig. 1(K)):

radiation (Fig. 1(H)). 7.4.1 Circuits to condition the signal from the ultraviolet-

7.2.3 Particulate Fllter_, installed in the sampl_e line to sensitive sensor (diode) with short-term stability.
prevent aerosols or particulate matter from entering the mea- . | circui he f itch
suring system. PTFE fluorocarbon filters with pore sizes /-4-2 Timing and control circuits to operate the flow switch-

between 0.2 and 5.0 um shall be used. The filter shall b&'9 valves and different phases of the signal conditioning
replaced frequently since accumulated materials on the filtef!"CUlts.
may catalyze the breakdown of;@to oxygen (Fig. 1(B)). 7.4.3 Circuits to generate mean values from the signals from
7.2.4 Sensor—Vacuum photodiodes with cesium telluride the sensor (diode) interface circuits for the two parts of the
photocathode sensitivity at 253.7-nm radiation and negligibleeycle, to subtract them, and to output the resultant differences
sensitivity to the other mercury lamp lines. The response an a scaled form. The circuits shall also compensate for
253.7 nm shall be extremely stable over the short-term periodemperature and pressure so that the adsorption measured is
of the sampling cycle, of the same order as the stabilityproportional to the gas density in the absorption cell.
demanded of the ultraviolet source. Temperature stabilization 7.4.4 The concentration of@an be obtained from the ratio
and a well-regulated photosensor supply voltage shall bef the sensor (diode) signals when the adsorption cell contains
provided to achieve the necessary stability (Fig. 1(E)). sample air from which @ has been scrubbed, to when it
7.2.5 Three-Way PTFE Solenoid Valveonstructed with  contains sample air containing,;The conversion of this value
internal parts of, or coated with, PTFE fluorocarbon or otheko parts per million by volume shall include correction for
material that will not catalyze the destruction of,@ route  ambient temperature and barometric pressure according to the
the sample through or to bypass thgs@lective scrubber (Fig. ideal gas law. The correction can be ignored if errors as great
1(C)). as =5 % are acceptable. Some commercially available instru-
7.2.6 Ozone-Specific Scrubhecontaining a material that ments correct automatically for actual measurement tempera-
selectively catalyzes the destruction of @ithout altering or  tyre and pressure in their concentration outputs.
adding any other compound. Manganese dioxide on asubstrate7.4'5 Signal processing shall not prevent the output of

and heatt_ad silver wool have been foun_d generglly to perforrﬂegative values, which may arise from instrument malfunction,
this function. However, several aromatic organic compound?rorn random fluctuations in measurements g&nd|, in the

identified in an%)( ASZ have been sZown tobbe gds%rbéad b bsence of Q and from interferences being desorbed from the
manganese dioxide. Some compounds may be adsorbed par _selective scrubber,

producing at first an apparent higher concentration gf O . _ ) )
followed by a falsely lower concentration as the material is_ /-2 Ports included in the instrument at the entry and exit of
desorbed10). Mean Q, values are not affected by reversibly the_ adsprptlon cell. These are helpful in detgrmmmg whgther
adsorbed species when averaging times are much longer thQa is be|.ng destroyed in t_he cell. The calibration method given
that of the absorption-desorption cycle, provided that thd" Practice D 5110 describes how the ports are used.
possible “negative” Qvalues that result from the desorption of 7.6 Barometeyto measure and record atmospheric pressure
during sampling, in accordance with Method D 3631.
- 7.7 Temperature Measuring Equipmernib measure and
®“\Wycor” brand material has been found to be satisfactory. record ambient temperature during sampling.
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8. Hazards to the point at which condensation occurs, sincgi©both
8.1 See Practice D 3249 for general safety precautions ifCluble in and possibly destroyed by condensate although
using instruments. Kleindeinst et al(11) report little effect.

8.2 The wavelength used for adsorption measurements is in 11.4 Avoid situations in which the analyzer will be exposed
the extreme ultraviolet, where eye damage is possible if th& rapid and frequent changes of ambient temperature. If, for
lamp is viewed directly. example, the monitor is placed in a small sampling station that

8.3 When calibrating the instrument, vent the excess gal$ cooled or heated by a high-capacity system, it shall be
mixture through a charcoal filter. This will prevent contamina-Shielded from direct air flow from the air-conditioning system.
tion of the work area around the instrument with, @hich, at ~ Many instruments are well compensated for slow changes in
the concentrations encountered at the high end of the method@nbient temperature, but do not respond well to the rapid

range, can induce headaches and, occasionally, nausea. ~ changes often found in small air monitoring stations, which
may exceed 1°C/min. Manganese dioxide ozone scrubber

9. Sampling cartridges appear to be particularly susceptible to this effect,
9.1 Sampling of the atmosphere shall be conducted invith reported ozone signal oscillations up to 40 ppb(v) that are

accordance with the guidelines given in Practices D 1357 and@ssociated with temperature functiong1(C) in monitor

D 3249. These recommended practices point out the need fehelters due to air conditioner cyclii§)2). Heated silver metal

avoiding sites that are closer than a 50-m distance from trafficscrubbers also show some sensitivity to fluctuations in tem-

which could lead to transient hydrocarbon and nitrogen oxiddoerature controf14, 15) Check instruments for calibration and

interferences. baseline stability in the type of environment in which they are
9.2 The sampling lines shall be made of PTFE fluorocarboractually deployed.

with an inside diameter between 4 and 7 mm. The sampling 11.5 Select a data recording system that matches the output

line shall be short and direct, preferably not more than 5 m irof the monitor, and, in the case of a data logger or telemetry
length. system, be sure that the sampling interval and data analysis

9.3 Since Q in ambient air is created and destroyed in amethod will detect and report instrument malfunctions such as
series of interacting chemical reactions of varying speedsgxcessive noise in the output, spikes, etc., and will not merely
driven by sunlight in the presence of hydrocarbon and nitrogeiverage them away. Verify that the dynamic range and preci-
oxide gases, the ambient;@oncentration found in a shady sion of the recorder or data logger is wide enough to accom-
location under calm air conditions may be quite different frommodate the range of concentrations expected. In the casg of O
that found only a few metres away in bright sunshine. in the ambient atmosphere, the peak levels experienced very

9.4 Although the test method is not directly dependent orinfrequently can be ten times greater than typical summer day
the flow rate of the sample, the sample flow shall be sufficientevels. Automatic multi-ranging may help to retain accuracy at
to flush the adsorption cell thoroughly between the two cycleslow levels while allowing for occasional high levels to be
as well as to ensure that the residence time in the sample lir@easured and recorded.

does not affect the Oconcentration passing through(it6). 11.5.1 Recording or data logging devices shall identify
9.5 Measure and record the ambient temperature and pregalibration values positively. This can be achieved as simply as
sure during sampling. using a chart recorder and writing the information on the chart.
) ] o An automatic data logger shall include a status signal recorded
10. Calibration and Standardization along with the instrument output information that will label

10.1 The calibration of @monitors and the certification of calibration points as different from ambient measurements.
transfer standards using an absolute ultraviolet photometer are )
described in Practice D 511(L7, 18) The use of transfer 12. Calculation
standards thus certified is described in Practice D 509). 12.1 To convert the ©found from ppb or ppm to pg/Mmsee

11. Procedure and Maintenance Practice D 1914.

11.1 Site the monitor with consideration of Practice D 135713. Quality Assurance
and other applicable documents (for example, EPA-600/4-77- 13.1 Quality Assurance Handbooks EPA-600/4-76-005 and
027a)(20). EPA-600/4-77-027a contain useful quality assurance criteria
11.2 Sample the atmosphere with a probe having nonreagor performing this test method.
tive inside walls such as PTFE fluorocarbon or glass. Keep the
probe clean and leak-test it monthly. Since the sample flow intd4. Precision and Bias’
the instrument should be kept free of particulate matter, change 14.1 Precision
the PTFE fluorocarbon filter used to achieve this frequently, 14.1.1 Repeatability—The standard deviation of determina-
depending on the area being monitored. Each month, check thidns of an atmospheric sample, for a single instrument, is
degree to which the concentration of @ the sample atmo- proportional to concentration. Results of the precision test
sphere is affected by the probe and filter by passing calibratiofiescribed in Rehme et gR1) for one commercially available
gases to the monitor directly, and then via the probe and filteinstrument are given in Table 1.
and observing the difference in response.
11.3 When the outside ambient air is hot and humid, neither——
the sample nor its path through the instrument shall be cooled 7 Supporting data have been filed at ASTM Headquarters.
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TABLE 1 Precision Test Results of a Commercial Ultraviolet
Photometer

0.5 ppm Range 1.0 ppm Range

eter read 1.5 % high. The correlation coefficients of the same
data sets were 0.9999, 1.0000, and 1.0000, respectively.

14.2 Bias

Test Day 0, Concentrations, ppm 14.2.1 The measuring system described in this test method
0.1 0.4 0.2 0.8 produces relative values that depend on the accuracy of the
1 0.00068 ppm 0.0025 ppm 0.00117 ppm 0.00216 ppm calibration used and of its transfer. A study performed by EPA
2 0.00080 0.0029 0.00117 0.00207 Environmental Monitoring Systems Laborato(21) deter-
j 8'88832 8-88832 g-ggggg 8-8822(2) mined the bias of four of the transfer method standards
5 0.00418 0.0025 0.00075 0.00251 described in Practice D 5011. The results are given in Table 2.
6 0.00061 0.0022 0.00117 0.00210
7 0.00069 0.00102 0.00103 0.00210 TABLE 2 Comparison of Ozone Calibration Variability Procedure
Average 0.00113 ppm 0.00183 ppm 0.00102 ppm 0.00189 ppm
Procedure NA Mean Slope Osota® Reproducibility
UV Photometry 10 1.0037 0.0123 0.0341
GPT-NO¢ 10 1.0742 0.0383 0.1062
14.1.2 Reproducibility—The results of an interlaboratory GPT-O5” 9 1.0787 0.0669 0.1854
BAKIE 12 0.9865 0.0557 0.1544

comparison tes(22) in which ultraviolet photometers of the

California Air Resources Board (ARB), the Environmental
Protection Agency, Research Triangle Park (EPA/RTB), and
the Jet Propulsion Laboratory (JPL) were compared with an

AN = number of participating volunteers.

B Oyorar = total random variability.

€ GPT-NO = nitric oxide gas phase titration.
P GPT-0O, = ozone gas phase titration.

absolute photometer of the National Institute of Standards and "~ BAK! = boric acid buffered potassium iodide method.

Technology (NIST). The results indicated excellent agreement,

with a total variation of 2.8%. Compared to the NIST 15. Keywords

photometer, the California ARB photometer read 0.4 % low,

15.1 ambient atmospheres; indoor atmospheres; monitoring;

the EPA/RTP photometer read 1.3 % low, and the JPL photomezone; ultraviolet absorption; workplace atmospheres

ANNEXES

(Mandatory Information)

Al. MINIMUM PERFORMANCE SPECIFICATIONS FOR ULTRAVIOLET PHOTOMETRIC
OZONE MONITOR (23)

Al.1 Range, 0to 0.5 ppm (1000 pghm

Al.2 Minimum detectable level, 0.01 ppm.

Al1.3 Noise, 0.005 ppm.

Al.4 Interferences by sulfur dioxide, nitrogen dioxide or
nitric oxide at 0.5 ppm, response in;©oncentration equiva-
lent, when Q concentration is 0.08 ppm:

+0.02 ppm
+0.06 ppm

Each interferant
Total when all present

Al1.8 Lag time, 20 min.

A1.9 Rise time to 95 % of final value, 15 min.

A1.10 Fall time to 95 % of final value, 15 min.
Al1.11 Operating temperature range, 10 to 40°C.
Al1.12 Temperature range for A1.4-A1.6, 20 to 30°C.

A1.13 The above specifications shall be achieved in a

Al.5 Zero drift 12 and 24 h0.02 ppm.

Al.6 Span drift 24 h:
At 20 % of range
At 80 % of range
Al1.7 Precision:

At 20 % of range
At 80 % of range

*+20 %
+*5%

0.01 ppm
0.01 ppm

testing protocol that lasts seven days, during which the
instrument is operated in a controlled temperature and line
voltage environment, sampling a calibration gas containing
zero air and @ only, with a constant humidity in the zero air.
The temperature is varied between 20 and 30°C and the line
voltage between 105 and 125 VAC, and the drift and noise
values are obtained by pooling the values for the entire test
cycle (24).
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A2. SOME REPORTED INTERFERANT SPECIES

TABLE A2.1 Interferant Species

Response,

Interfering Compound” % of concentration Reference?
Ozone 100 10, 25
Styrene 113, 20 10, 25
Trans-B-Methyl Styrene >100 25
2,5-dimethystyrene 147 10
Benzaldehyde <1,5 10, 25
o-Cresol 19, 12 10, 25
2-Methyl-4 nitrophenol 139 13
2-Nitrotoluene 78 10
Pyruvic acid 0-5 25
Bio-mass combustion products + 26, 29
Naphthalene 116 13
2,4—dimethylphenol 18 13
Elemental Mercury 10 000-100 000 27, 28, 29
PMo 5 5.0 + 30

A Hudgens et al (10) tested scrubbing absorption efficiencies at 10 to 20 ppb(v)
levels of potential interferences. Grosjean and Harrison (25) used 0.1 to 1 ppm(v)
concentrations of potential interferences.

B In Grosjean and Harrison (25), no response was reported for up to 1 ppm of
the following compounds: toluene, peroxy acetyl nitrate, biacetyl, peroxybenzoyl
nitrate, methyl nitrate, n-propyl nitrate, n-butyl nitrate, methanethiol, methyl sulfide,
or ethyl sulfide. Huggens et al (10) report no response to benzene, toluene, or
o,m,p-xylene at 10 to 20 ppb(v). Kleindienst et al (11) however, report a 10 %
response to toluene. Kleindienst et al. (13) report no response to 1,2,4-
trimethylbenzene.
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