Chapter 8

Carbon Monoxide Measurement Principle and
Calibration Procedure

The prescribed procedure for measurement of carbon monoxide (CO) consists of a reference
measurement principle and calibration procedure. Any analyzer that uses the specified
measurement principle, meets the prescribed specification, and is calibrated in accordance with
the specified calibration procedure may be designated a Reference Method by EPA. The
measurement principle utilizes the phenomenon of molecular absorption of nondispersive
infrared (NDIR) radiation. Nondispersive refers to the fact that the emissions from the infrared
energy source are not dispersed into component wavelengths. A broad wavelength band of
infrared emissions is used instead of employing monochromatic filters or diffraction gratings to
isolate one particular wavelength (as is done in UV photometry for ozone). The calibration
procedure consists of checking the analyzer’s carbon monoxide response by “challenging” the
analyzer with known concentrations of carbon monoxide.

While the obvious problems of widespread elevated concentrations have been largely solved for
some criteria pollutants, problems related to particulate matter (PM), ozone (Os3), and toxic air
pollutants remain. Itis now clear that even very low air pollution levels can be associated with
adverse environmental and human health effects. As a result, the use of highly sensitive
commercial air pollutant monitors for the characterization of the precursor gases CO, SO,, and
total reactive oxides of nitrogen (NOy) in a new national core monitoring network (NCore). The
high sensitivity CO and SO, analyzers are fundamentally the same as those designated as Federal
Reference and Equivalent methods (http://www.epa.gov/ttn/amtic/ ctitetia.html), but with
Precursor Gas Technical Assistance Document (TAD) modifications to improve sensitivity and
accuracy or reduce interferences. The use of such precursor gas analyzers in the NCore network
will still allow determination of compliance with the NAAQS, but will provide measurements at
much lower detection limits than are achievable by current monitors. The implementation of
high sensitivity monitoring for CO, SO, and NOy in the NCore network will require installation
of new analyzers at selected sites, and implementation of new monitoring, calibration, and data
acquisition procedures. The purpose of Precursor Gas TAD is to provide state, local, and tribal
(S/L/T) agencies with guidance on the equipment, procedures, data acquisition, and quality
assurance/quality control (QA/QC) efforts needed to propetly implement high sensitivity
precursor gas monitoring,.

In this chapter, the discussion will begin with the carbon monoxide measurement principle and
calibration procedure for use with traditional ambient monitors; followed by a similar discussion
as it relates to high sensitivity, precursor gas monitoring. Overtime, high sensitivity analyzers
will increasingly be brought online; however, traditional analyzers will remain part of the
NAAQS monitoring network for many years to come.



Measurement Principle

When certain molecular species are exposed to a broad band of infrared radiation, they have
characteristic absorption peaks centered at a particular region within that band of infrared
spectrum (Figure 8-1). The centers of these absorption peaks are characteristic for individual
chemical compounds. Table 8-1 is a list of several gaseous pollutant compounds’ band center
locations. As the table indicates, CO has characteristic absorption peaks at 2.3 and 4.6 um.
Carbon monoxide concentrations are determined by using a filter which allows radiation of a
fairly wide wavelength band to be emitted from the infrared energy source, while simultaneously
narrowing that band to the characteristic absorption band of carbon monoxide. This band-
narrowing filter is termed a “band pass” filter, due to the characteristics mentioned above.
Concentrations of carbon monoxide can be measured due to the decrease in energy resulting
from the absorption of some of the infrared energy. The less energy exiting a sample cell
containing carbon monoxide, the higher the concentration of that gas, due to the absorption of
energy by the gas molecules (i.e., infrared absorption is directly proportional to carbon
monoxide concentration).

% absorption
| as a function
of wavelength

Figure 8-1. An absorption curve.
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Table 8-1. Infrared band centers of some common gases.

Gas Location of band centers Wave number (cm™)
(wm)
NO 5.0 to 5.5 1800 to 2000
NO, 5.5 to 20 500 to 1800
SO, 8 to 14 700 to 1250
H-O 3.1 1000 to 1400
5.0to 5.5 1800 to 2000
7.1 to 10 3200
CO 2.3 2200
4.6 4300
CO, 2.7 850 to 1250
5.2 1900
8.12 3700
NH; 10.5 950
CH,4 3.3 1300
7.7 3000
Aldehyde 3.41t03.9 2550 to 2950
Equipment

A typical Luft-type NDIR carbon monoxide analyzer is shown in Figure 8-2. The analyzer
consists of two identical infrared sources, bandpass filters, a beam chopper, a sample cell, a
comparison or reference cell, a detector cell, a sample-handling system, an electronics section,
and in some instruments an interference cell or filter cell for reducing interferences.
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Figure 8-2. Typical Luft-type carbon monoxide NDIR analyzer.

The source for the infrared radiation used in detection usually is a heated wire. As mentioned
above, this infrared emission is altered by a bandpass filter to render the radiation useful for CO
analysis. The chopper is merely a rotating wheel or blade which pulses the infrared emissions.
By so doing, it allows the detector to better differentiate among the infrared signal of interest
and other superfluous signals, as well as permitting better amplification of the detector’s output.

The two infrared rays, having identical intensities, are passed through separate reference and
sample cells. The reference cell contains a nonabsorbing gas, usually dry nitrogen. Hence, the
infrared ray passing through the reference cell will have no dissipation in its energy. The sample
cell allows the air sample to be measured for CO content. If CO is present in the sample cell,
some of the infrared energy will be absorbed. Therefore, the energy emerging from the sample
cell will be less than the energy exiting the reference cell.

The detector cell consists of two compartments filled with equal concentrations of CO. These
two compartments are separated by a thin metal diaphragm whose movement is detected by an
induction transducer. The resultant infrared signal from the reference cell strikes one
compartment of the detector cell, while the resultant infrared signal from the sample cell strikes
the other side of the detector cell. The detector functions in the following manner: when a
molecule of CO absorbs infrared radiation, it absorbs the energy of that radiation. This increase
in energy results in the CO molecule becoming more active (it begins to vibrate and move more
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rapidly). This increase in molecular activity causes the CO gas to expand. However, because the
gas is contained in a rigid compartment, expansion results in an increase in the pressure of the
CO gas within the cell. When CO is present in the sample cell, the compartment receiving the
reference signal receives more infrared energy and, subsequently, more energy is absorbed by the
CO molecules contained there. This results in a higher gaseous pressure on the reference side of
the detector relative to the sample side of the detector. The thin metal diaphragm naturally
bends toward the area of lower pressure (the sample side), and the amount of this deflection is
measured by means of the induction transducer. This signal is then amplified and used to
activate the concentration readout device.

Certain gaseous molecules have the capacity to absorb energy in the same spectral region as CO.
When these molecules are present in the sample gas, they cause a positive interference in the CO
concentration determination. To eliminate the effects of these CO measurement interferences,
certain additions or modifications can be applied to CO analyzers. These modifications are
discussed in the subsequent section concerning interferences (APHA 1977).

Auxiliary sections of the instruments include the sample-handling system and the electronic
section. Components of the sample-handling system usually include a flow regulator, air pump,
gas manifold, moisture removal or constant humidity system, particulate matter filter, and flow
meter. The electronic section incorporates an amplifier, demodulator, output filter, zero control,
span control, and other controls for internal adjustments.

Calculations

Carbon monoxide analyzers generally read out directly in ppm. Before the direct concentration
readout is utilized, it is necessary to calibrate the analyzer using known concentrations of gases.
If it is necessary to convert CO concentrations from ppm to milligrams per cubic meter
(mg/m’), the following conversion factor can be used:

(Eq. 8-1) &EO: ppmCOx1.14
m
. . mg CO .

If the analyzer does not readout in ppm, but rather in s the following factor can be used

m
to derive the ppm CO concentration:
(Eq. 8-2) ppmCO = &SO x0.874

m
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Calibration Procedure

Calibration consists of determining the response of the instrument to various known
concentrations of carbon monoxide generated from compressed gas cylinders and preparing
calibration curves or tables. The analyzer is set up in its sampling mode and “zero” gas is
introduced via the analyzer’s sampling line into the sample cell. The zero adjustment control is
set to give an instrument readout reflecting zero concentration.

The next step in calibration is the introduction of the “span gas”. This gas should have a CO
concentration that is approximately 80% of the instrument’s operating range. The instrument’s
span adjustment control is set so that the instrument’s output reflects the span gas
concentration. At least three other concentrations of carbon monoxide covering the analyzer’s
operating range are then introduced to check linearity of response. CO cylinder gases may
consist of CO and dry nitrogen if they are to be diluted to at least 100:1 with air when preparing
calibration gases. If CO cylinder gases are to be diluted less than 100:1 when preparing
calibration gases, the cylinder should consist of CO and air. If a strip chart recorder is used with
the analyzer, it should be adjusted to reflect the calibration standards. A calibration curve should
be prepared for each instrument calibration. A typical calibration curve for an ambient CO
monitor is shown in Figure 8-3. The instrument’s operating manual should be consulted for
additional recommendations concerning calibration.
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Figure 8-3. Typical calibration curve.

Reference Measurement Principle - Characteristics and
Capabilities
Advantages
Nondispersive infrared analyzers have the advantage of being relatively independent of ambient

temperature and flow rate changes. Also, they have short response times, and they require no
chemicals or ancillary equipment (other than calibration gases).
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Interferences

Interferences may arise from gases that absorb infrared radiation in wavelength bands that
overlap that of carbon monoxide. Some of the possible interferences are carbon dioxide, water
vapor, methane, and ethane. Carbon dioxide and water vapor pose the major interference
problems due to their common occurrence in the atmosphere, and also due to the probability
that their concentrations will exceed the discrimination ratio (discrimination ratio equals the
concentration of interferences required to give an instrument response which is equivalent to 1
ppm of carbon monoxide).

Water Vapor

Water vapor absorbs infrared radiation to a varying degree throughout the infrared region. Its
presence can be a primary, positive interference in Luft-type NDIR instruments.

Various measures may be taken to minimize moisture interference. The most obvious is a
drying tube device in the sample inlet section of the analyzer. This tube is filled with silica gel or
other suitable desiccants. The sample air passed over the desiccant before it enters the
absorption cell. Converse to this method, the sample air is passed through a saturator
maintained at a constant temperature. The saturator maintains a constant humidity level in the
sample air. This constant humidity is also added to the calibration gases, thereby negating the
moisture effects on concentration readings.

Refrigeration units in the sampling inlet systems are often used in commercial analyzers to
maintain a constant, low humidity level. By cooling the sampled air, the moisture is condensed
and, subsequently, removed from the air stream.

Moisture-eliminating devices and constant-humidity systems, when employed, should be used on
all gases entering the analyzer (i.e. calibration, zero, span gases, and air samples).

Two other methods commonly employed to remove water vapor interference involve correcting
the action of water vapor on the absorption phenomenon. Narrow bandpass optical filters can
be used to remove those wavelengths most sensitive to water vapor from the irradiation beam.
In a similar manner an “interference cell” containing water vapor and other principal
interferences can be placed in line, between the infrared source, and the sample cell. The
interference cell absorbs, and therefore eliminates, those wavelengths which overlap the CO
absorption band. This prevents the overlapping wavelengths from reaching the detector and
affecting the results. Figure 8-4 shows a diagram of an instrument that uses an interference cell.
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Figure 8-4. NDIR CO analyzer employing an interference cell.

Carbon Dioxide

Concentrations of carbon dioxide (CO») normally found in ambient air (approximately 400 ppm)
do not interfere with CO measurements. However, in air grossly contaminated with combustion
products, CO; (in excess of 1000 ppm) could result in positive interferences of 1 ppm or higher.

Measures to eliminate CO; interferences are essentially the same as for water vapor. The use of
a narrow bandpass filter or of carbon dioxide in an interference cell is equally effective in the
elimination of interference due to CO; as it is for water vapor interference.

Another method of alleviating the interferences, due to both CO; and water vapor (as well as
other interferences), is negative filtering. Negative filtering employs detector cells mounted in
series rather than in parallel. Figure 8-5 depicts a negative-filter NDIR analyzer. The front and
rear measuring chambers are constructed so that their pressures are equal when no CO is
present in the sample cell. At this “steady state” condition, the thin metal diaphragm is balanced
between the two cells. As previously explained, these detector cells are filled with a
concentration of CO. Negative filtering is involved with the phenomenon of carbon monoxide
absorbing the majority of the infrared energy of its particular absorption band peak at the center
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of that peak. As the infrared beam is passed through the sample cell containing carbon
monoxide, much of the energy at the center of the peak is dissipated. Therefore, the energy
reaching the front detector cell is such that not much energy can be absorbed by the CO
molecules there. By the time the beam reaches the rear detector cell, all of the energy at the
center frequencies will be gone, so for any absorption to take place CO must absorb those
frequencies found at the edges of the peak. This results in the rear detector cell being more
activated than the front cell. Hence, the difference in pressures will cause the diaphragm to
deflect toward the front cell. Negative filtering serves to negate interferences by narrowing, in
effect, the band path to just that of CO and excluding the outlying wavelengths characteristic of
the various interferences (Jahnke and Aldina 1979).
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Figure 8-5. Negative-filter NDIR analyzer.

In another type of analyzer (Figure 8-6), sample air continuously flows through a reference cell
as well as through a sample cell. However, before flowing through the reference cell, the sample
air passes through a catalytic converter that transforms any CO present in the sample air to CO..
Therefore, any interfering species present in the sample cell are also present in the reference cell
in the same concentration, except possibly for CO, since any CO present in the sample air is
passed converted to CO; before entering the reference cell. However, because of the large ratio
of CO; to CO in ambient air, any difference between the amounts of CO; present in the
reference cell and the sample cell is negligible. Sample air in the reference cell allows the
absorption of infrared radiation by interfering species in the sample cell to be offset by
interfering species in the reference cell.
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Figure 8-6. Flowing reference-cell NDIR CO analyzer.

A more recent modification, the microflow detector, is similar to the Luft detector, but employs a
small orifice between the two detection chambers. Instead of differential pressure, the resulting
flow is measured. A thermocouple arrangement in the orifice is used for this purpose. This

detector is relatively immune to mechanical vibration, but is not as simple as the solid state type.

In an effort to develop a NDIR CO analyzer which does not have the limitations of the Luft-
type NDIR analyzers, an instrument based on gas-filter correlation has been developed. In an
NDIR gas-filter correlation analyzer, chopped radiation from an infrared source alternately
passes through a cell filled with CO (the reference beam) and a cell filled with nitrogen that is
aligned with a neutral density filter (the measure beam) before entering the analyzer’s sample
chamber. After leaving the sample chamber and passing through a bandpass filter, the
alternating radiation beams are measured by an electronic detector to obtain the carbon
monoxide concentration of the sample air (Figure 8-7).

The CO cell absorbs any radiation that can be absorbed by CO present in the sample are
contained in the sample chamber. No absorption takes place in the nitrogen cell. However,
after leaving the nitrogen cell, infrared radiation passes through a neutral density filter that
reduces its energy to equal the remaining energy of the infrared beam that passed through the
CO cell.
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Figure 8-7. Gas-filter correlation NDIR CO analyzer.

The detector determines the CO concentration of the sample air by measuring the difference in
energy of the two infrared beams. Any energy difference creates an electronic signal that is
proportional to CO concentration. If no CO is present in the sample air, no absorption of the
infrared beam that passed through the nitrogen cell takes place. Therefore, the energies of both
beams measured by the detector will be equal, and no electronic signal related to CO
concentration will be generated (Figure 8-8a). However, if CO is present in the sample air, some
of the infrared radiation that passed through the nitrogen cell will be absorbed. Therefore, its
energy will be less than the energy of the infrared radiation that passed through the CO cell, and
an electronic signal will be generated by the detector (Figure 8-8b).

For a component of the sample air having a spectral pattern that perfectly correlates (overlaps)
the spectral patter of CO, the analyzer would erroneously indicate a positive CO concentration
(Figure 8-8¢). Conversely, the analyzer would erroneously indicate a negative CO concentration
for a sample air component having a spectral pattern that perfectly anti-correlates (does not
overlap) the spectral pattern of CO (Figure 8-8d). This is caused by more infrared energy being
lost from the reference beam than from the measure beam, because absorption of the reference
beam takes place at higher radiation intensities than does absorption of the measure beam.

Fortunately, spectra of sample air components are usually uncorrelated (neither perfectly
correlated nor perfectly anti-correlated). Components of the sample air having totally
uncorrelated absorption spectra (having equal amounts of correlated and anti-correlated
absorbances) absorb the same amounts of infrared radiation in both the measure and reference
beams, thus producing no erroneous indication of CO concentration (Figure 8-8¢). However,
usually the spectra of sample air components are not totally uncorrelated, so a small CO
interference could occur.

8-12



Measure beam:

CO cell and i nitrogen cell, neucral density
Dy filter. and bandpass filter

8 i R:dnc::'n of ]
K ::‘/ . ' density ﬁl.::
a i:n_' { 4
E E A
w2
g
4B
b |2E
-

+
—
7

n
Correlated

sample air component

Infrared radiation i

L

air ¢

o
Anti-correlated

¥

P

)
Uncorrelated
air ¢

1

¥

Wavalanarh —

Figure 8-8. Infrared energy spectra received by the detector.

Today, FRM-designated instruments are available from several manufacturers using both Luft-
type and GFC methods; however in ambient applications the GFC method is almost exclusively
used.

Range and Sensitivity

The range of an acceptable instrument for use as a reference method is required to be from 0 to
50 ppm (957 mg/m’). Ranges up to two times the required range may also be used if
appropriate approval has been given by EPA. Most commercially available instruments are
designed for measurements up to at least 100 ppm (114 mg/m’).
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The available range for a given type of instrument is function, principally, of analyzer design, and
is determined mainly by the length of the sample cell and the operating pressure used. A
decrease in either leads to an increase in range, but usually with a corresponding decrease in
sensitivity.

Sensitivity in the NDIR technique is limited principally by electrical and optical noise and by
performance of the signal processing components. Generally, the concentration change which
will result in a change in output display is 0.5 ppm or less, when using the 0 to 100 ppm detector
range. For example, the Lower Detectable Limit (LDL) for a TECO 48C CO analyzer is 0.04

The performance specifications required for automated CO analyzers currently in use are shown
in Table 8-2. A test analyzer must exhibit performance better than, or equal to, the specified
values for each of specification (except for Range). For a method having more than one
selectable range, one range must be that specified in Table B-1 of 40 CFR Part 53 Subpart B and
shown here in Table 8-2.

Table 8-2: Performance specifications for CO automated method (Reproduced as an
excerpt from Table B-1 of 40 CR Part 53 Subpart B)

Performance parameter Units Carbon Definitions & test procedures
monoxide
Range ppm 0-50 Sec. 53.23(a)
Noise ppm 0.50 Sec. 53.23(b)
Lower detectable limit ppm 1.0 Sec. 53.23(c)
Interference equivalent Sec. 53.23(d)
Each interferant ppm 1.0
Total interferant ppm 1.5
Zero drift, 12 & 24 hour ppm +1.0 Sec. 52.23(e)
Span drift, 24 hour Sec. 52.23(e)
20 % of upper range limit % +10.0
80 % of upper range limit % +2.5
Lag time Mins. 10 Sec. 52.23(e)
Rise time Mins. 5 Sec. 52.23(e)
Fall time Mins. 5 Sec. 52.23(e)
Precision Sec. 52.23(e)
20 % of upper range limit ppm 0.5
80 % of upper range limit ppm 0.5
Definitions:

Range: Nominal minimum and maximum concentrations that a method is capable of measuring.

Noise: The standard deviation about the mean of short duration deviations in output that are not caused by input
concentration changes.

Lower detectable limit. The minimum pollutant concentration that produces a signal of twice the noise level.
Interference equivalent: Positive or negative response caused by a substance other than the one measured.

Zero drift: The change in response to zero pollutant concentration during continuous unadjusted operation.

Span drift: The percent change in response to an upscale pollutant concentration during continuous unadjusted
operation.
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Lag time: The time interval between a step change in input concentration and the first observable corresponding
change in response.

Rise time: The time interval between initial response and 95% of final response.

Fall time: The time interval between initial response to a step decrease in concentration and 95% of final response.
Precision: Variation about the mean of repeated measurements of the same pollutant concentration, expressed as
one standard deviation about the mean.

Problems, Precautions, Troubleshooting

Several factors affect both precision and bias. Of most concern are span drift (slow variation of
the response signal yielded by the span gas) and zero drift. These factors are instrument
dependent, and their combined effect should be maintained at less than 1% of span in 24 hours.
If sampling is conducted without proper particulate matter filtering, the optical windows of the
sample cell will accumulate dust and dirt, resulting in a gradual loss in sensitivity accompanied by
zero drift.

Temperature fluctuations can cause changes in instrumental response. In many instruments a
temperature controlled housing encloses the detector portion of the monitor, in order to
minimize this effect. In the absence of temperature control, response may change by as much as
0.5 ppm for each degree Celsius temperature change. Refer to the instrument’s operating
manual to determine if temperature control is necessary.

Pressure, too, can cause changes in instrumental response. Changes in sample cell pressure can
result in proportional changes in output for a given concentration of CO. Barometric pressure
changes can result in span drift 1%, although it has not been customary to make corrections for
this effect. However, if greater accuracy is desired, corrections for barometric pressure would be
necessary. Also, if the flow rate of the sampled air varies, cell pressure might also vary due to
restrictions in the sampling line. These slow changes in resistance to flow may cause span drift,
and need to be corrected. Again, refer to the operating manual.

Mechanical vibration of instruments using the Luft principle is likely to cause signal noise due to
the instability of the optical system or by mechanically induced motion of the detector cell’s
diaphragm. Manufacturers prevent this by shock mounting the detector section of the analyzer
ot by substituting a flow sensor for the diaphragm. For additional assurance it is advisable to
place Luft-type NDIR instruments on shock-dampening material when in use. Other causes of
signal noise include inadequate voltage regulation and instability of amplifier components. Such
factors contribute to loss in precision. The use of a microflow detector in a Luft-type NDIR
analyzer is meant to minimize the problem of vibration.

Preventative maintenance is required for NDIR monitors. As in most air sampling instruments,
the moving components of the mechanical vacuum pump must be checked periodically. Also,
the infrared radiation sources must be inspected regularly. Associated optics must be checked
and cleaned when found to be dirty.

In time, the sample cell may require disassembly for cleaning. This will be indicated by a gradual
decrease in instrument sensitivity accompanied by an increase in electronic signal “noise”. The
reference cell of Luft-type analyzers will almost never have to be dismantled, although the
optical windows may require cleaning of the exterior surfaces periodically. Should it become
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necessary to disassemble a cell for any reason, the manufacturer’s instructions should be
followed explicitly.

On most instruments the detector is a sealed unit, and will not have to be maintained unless a
failure develops. Should it become necessary to perform maintenance on the detector, the
manufacturer’s instructions should be followed closely. In most cases, shop repair is necessary
should operational difficulties develop with the detector.

Regular checks should also be made of the electrical circuits from the detector, through the
amplifier, to the data recording system.

Preventive maintenance is dependent upon the operating conditions of the instrument and is
variable for each manufacturer’s instrument. Suggestions on maintenance are contained in most
instruments’ operating manuals. Table 8-3 is intended to serve as a guide for locating and
remedying problems, given an observed symptom. In addition, modern instruments are
equipped with self-diagnostic to assist in identifying malfunctions or out of control conditions.
Furthermore, they are also typically equipped with alarms on certain instrument systems (e.g.
reaction chamber temperature, IR source voltage, flow rate, etc.) to warn the operator of a
problem before it causes an out of control condition.

Quality Assurance

Procedures which are useful in maintaining adequate quality of CO data include: checks of zero
drift and span drift; checks of sensitivity of the instrument response to variations in flow rate,
temperature, and voltage; calibration of the flow meter and of the sample cell’s pressure gauge;
and moisture interference tests.

Table 8-3. Typical CO monitor problems.

Observation Problem Cause Remedy
1. CO level too low 1. Reference infrared soutce 1. Run span gas check
failing

2. Sample lines clogged or broken | 2. Check with flow meter

3. Decreased pressure in reference
compartment of detector 3. Check after inspection of

4. Vacuum pump failing infrared source

5. Amplifier failing

4. Inspect pump

5. Completely check-out

electronics
2. CO level too high 1. Sample infrared source failing 1. Run span gas check
2. Sample cell optics dirty
2. Inspect and clean if necessary
3. Decreased pressure in sample 3. Run span gas check after
compartment of detector inspection of infrared source
4. Amplifier failing 4. Completely check-out
electronics system
3. Abnormal positive 1. Moisture elimination devices 1. Re-charge silica gel; check
zero drift inoperative (if applicable) refrigeration unit
2. Dirty optical surfaces 2. Clean cells as necessary; check
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Observation Problem Cause Remedy

3. Amplifier failing

particulate filter
3. Check-out electronics system
completely

Water Vapor Interference Check

To fully assess the effect of ambient moisture on the CO monitoring instrument and its
subsequent data, it is advisable to do periodic water vapor interference checks.

The equivalent CO concentration due to moisture is measured by obtaining the instrument
response from dry zero gas (introduced to the instrument bypassing the drying device); then
saturating the same zero gas by passing it through a water-containing impinger prior to
introduction into the instrument (the saturated gas is passed through the drying device as in
normal sampling before measurement). The equivalent CO concentration is determined as the
difference between the dry and saturated values (the dry value is always subtracted from the
saturated value). If the equivalent CO concentration is as large as 0.5 ppm, the desiccant must

be replaced.

Devices other than drying tubes may be in use on NDIR instruments. Such devices as

refrigeration units, optical filters, etc., may be evaluated in the same manner as used to check the

drying tube.

Table 6-4 indicates the more important aspects of a quality assurance/quality control program
for CO monitoring. Included in the table are the actions required to assure that these variables

are addressed in the QA/QC program.

Table 8-4. Operational parameters.

QA/QC Parameter

Actions

1. Calibration gas concentration

Measurement of control samples as part of the
auditing program

2. Water vapor interference

Water vapor interference checks performed as a
part of the auditing program

3. Data processing errors

Data processing checks performed as a part of
the auditing program

4, Zero drift

Zero check and adjustment before each sampling
period as part of routine operating procedure

5. Span drift

Span check and adjustment before each sampling
period as part of routine operating procedure

6. System noise

Check of strip chart record trace for signs of
noise after each sampling period as part of
routine operating procedure

7. Sample cell pressure variation

Reading and recording sample cell pressure at the
beginning and end of a sampling period as part
of routine operating procedure

8. Temperature variation

Minimum-maximum thermometer placed near
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QA/QC Parameter

Actions

the analyzer, or any other temperature-indicating
device, read periodically throughout the sampling
petiod- this would usually be done as a special

check.

9. Voltage variation

A.C. voltmeter measuring the voltage to the
analyzer and read periodically throughout the
sampling period- this would usually be done as a
special check

Table 8-5, reprinted from the USEPA QA Handbook for Air Pollution Measurement Systems,
Volume II, Part 1, Appendix 3 (EPA-454/R-98-004), provides recommended Measurement
Quality Objectives (MQO) in support of ambient monitoring using a NDIR CO analyzer.
These MQO are derived in large part from 40 CEFR Part 50, 53, and 58.

In theory, if these MQOs are met, measurement uncertainty should be controlled to the levels
required by the Data Quality Objectives (DQO) that in turn ensure reliable data. Tables of the
most critical MQOs can be developed. Table 8-5 is an example of an MQO table for carbon

monoxide.

Table 8-5: Measurement Quality Objectives - Parameter CO (Nondispersive

Infrared Photometry)
Requirement Frequency | Acceptance Reference Information/Action
Criteria
Standard All data ppm 40 CFR, Pt 50.8
Reporting
Units
Shelter Temp. 40 CFR, Pt. Instruments designated as
53.20 reference or equivalent have
Temp. range Daily 20 to 30 °C. VolII,S7.1V been tested over this
temperature range. Maintain
Temp. control | Daily <x20C shelter temperature above
sample dewpoint. Shelter
should have a 24-hour
temperature recorder. Flag all
data for which temperature
range or fluctuations are
outside acceptance criteria.
Equipment
CO analyzer Purchase Reference or 40 CFR, Pt 50,
Specification | equivalent method | App C
Flow controllers | Flow rate
regulated to = 1% | "
Flowmeters «“ Accuracy + 2%
Detection Instruments designated as
Limit Purchase 0.5 ppm 40 CFR, Pt 53.20 | reference or equivalent have
Noise Specification & 23 been determined to meet
“ 1.0 ppm “ these acceptance criteria.
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Lower
detectable level

Completeness

75 % of hourly

8-hour average | houtly averages for the 8- | 40 CFR, Pt 50.8
hour period
Compressed
Gases Purchase < 0.1 ppm CO 40 CFR, Pt 50, Return cylinder to supplier.
Dilution gas specification App C Carbon monoxide in nitrogen
(zero air) " or air
Purchase NIST Traceable
Gaseous specification | (e.g., EPA EPA- EPA Protocol Gases have a
standards Protocol Gas) 600/R97/12 36-month certification period
and must be recertified to
extend the certification.
Calibration
Multipoint Upon All points within | Vol II, S 12.6 Zero gas and at least four
calibration receipt, + 2% of full scale | Vol 11, MS.2.6.1 upscale calibration points.
(at least 5 adjustment, | of Points outside acceptance
points) orl/6 best-fit straight criterion are repeated. If still
months line outside criterion, consult
manufacturers manual and
invalidate data to last
acceptable calibration.
Zero/span 1/ 2 weeks Vol 11, S 12.6
check-level 1 " If calibration updated at
Zerodrift £2-3 | Vol II,S12.6 each zero/span, invalidate
ppm " data to last acceptable check,
Span drift £ 20 - adjust analyzer, and perform
25 % multipoint calibration.
Flowmeters 1/3 months | Zero drift £ 1 - Vol II, App 12 If fixed calibration used to
1.5 ppm calculate data, invalidate
Span drift + 15% data to last acceptable check,
adjust analyzer, and perform
Accuracy = 2% multipoint calibration.
Flowmeter calibration should
be traceable to NIST
standards.
Performance
Evaluation
(NPAP) 1/year at Mean absolute Vol 11, S 16.3 Use information to inform

State audits

selected sites

1 /year

difference # 15%

State requirements

Vol I1, pp 15, 5 3

reporting agency for
corrective action and
technical systems audits
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Precision

Single analyzer | 1/2 weeks None

Reporting 1/3 months | 95% CI# £ 15% | 40 CFR, Pt 58, Concentration = 8 to 10

organization App A ppm. Aggregation of a
EPA-600/4-83- | quarters measured precision
023 values.
Vol II, App 15, S
5

Accuracy

Single analyzer None

Reporting 25 % of sites | 95% CI £ 20% 40 CFR, Pt 58, Four concentration ranges. If

organization quartetly (all App A failure, recalibrate and

sites yearly) reanalyze. Repeated failure
requires corrective action.

1/ - reference refers to the QA Handbook for Air Pollution Measurement Systems, Volume II, Part 1.
S - The use of “S” refers to sections within Part 1 of Volume II.
MS — The use of “MS” refers to method-specific sections in Volume II.

Since the Ambient Air Quality Monitoring Network was established prior to the development of
the DQO Process, a different technique was used to establish data quality acceptance levels.
Therefore, all criteria pollutants are being reviewed in order to establish DQOs using the current
DQO process.

High Sensitivity CO Analyzer — Percursor Gas Monitoring

Modifications in commercial NDIR Gas Filter Correlation (GFC) CO instruments have lowered
estimated LDL values to 0.04 ppm (40 ppb). The lower detectable limit (LDL) for an ambient
monitor is defined as that minimum concentration level that produces a signal of twice the
baseline noise level (Code of Federal Regulations, Volume 40, Part 53.23c, or, in the shortened
format used hereafter, 40 CFR 53.23c). This section describes the recommended performance
criteria and the analyzer features that are recommended in order to achieve the performance
criteria, and provides examples of commercial high sensitivity CO analyzers that are available for
deployment at the NCore sites.

Since the high sensitivity analyzers deployed at NCore sites are intended to monitor low ambient
CO concentrations, it is important that they meet a variety of performance criteria as described
below. Many of these performance criteria are more stringent than those for routine CO
analyzers; consequently, there are a number of recommended features that the precursor CO
analyzers should have in order to achieve the performance criteria.

This section describes the recommended performance criteria and the analyzer features that are
recommended in order to achieve the performance criteria.
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Recommended Method Performance Criteria

The U.S. EPA has assessed the measurement quality objectives needed for high sensitivity
precursor gas monitoring in NCore, relative to the long-established statistics stated in 40 CFR
58. In particular, EPA recommends that measurement quality objectives for bias and precision
be based on upper confidence limits at the monitoring site level, to provide a higher probability
of reaching appropriate conclusions (e.g., in comparisons to NAAQS). The intent of this
recommendation is to move S/L/T agencies to a petformance-based quality system i.c., allowing
organizations that show tight control of precision and bias to reduce the frequency of certain
QC checks, and to focus their quality system efforts where most needed.

The U.S. EPA recommends that the high sensitivity CO analyzers that are deployed at

NCore sites meet a number of method performance criteria as described below. Additional
details regarding these criteria can be found in USEPA Technical Assistance Document (TAD)
For Precursor Gas Measurements in the NCore Multi-Pollutant Monitoring Network, Version 4
(EPA-454/R-05-003).

Precision

Precision 1s defined as the measure of agreement among individual measurements of the same
property taken under the same conditions. Precision is assessed from checks that are performed
at least once every two weeks and should be used to assess precision on a quarterly basis. It is
recommended that high sensitivity CO analyzers have a 95 percent probability limit for precision
of £15 percent or less. Calculation of precision starts with the comparison of the known
challenge concentration used in the precision checks to the corresponding measured
concentrations reported by the analyzer.

Bias

Bias is defined as a systematic or persistent distortion of a measurement process that causes
errors in one direction. Bias is assessed from the degree of agreement between a measured value
and the true, expected, or accepted value. Analyzer bias is calculated using comparisons of
known challenge concentrations to the corresponding measured concentrations reported by the
analyzer. The challenge comparisons used to assess bias should be the same as those used to
assess precision. It is recommended that high sensitivity CO analyzers have an upper bound for
the average bias of * 15 percent or less.

Representativeness

Representativeness refers to whether the data collected accurately reflect the conditions being
measured. Itis the data quality indicator most difficult to quantify. Unless the samples are truly
representative, the other indicators are meaningless. Representativeness for monitoring of low
ambient levels of CO in NCore is different than for routine monitoring, since the objectives of
the monitoring are much different. Representativeness can only be assured in terms of the
appropriate selection of the sampling site, proper implementation of ambient air sampling, and
reasonable coverage of the sampling schedule (i.e., 24 hours per day, 7 days per week, ideally).
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Completeness

Completeness is defined as the amount of data collected relative to the total expected amount.
Ideally, 100 percent of the expected amount of data would always be collected; in practice,
completeness will be less for many reasons, ranging from calibration time and site relocation to
power outages and equipment failure. For monitoring of ambient CO concentrations in NCore,
EPA requires a minimum data completeness of 75 percent. In practice typical completeness
values can often approach 90 to 95 percent.

Comparability

Comparability is defined as the process of collecting data under conditions that are consistent with
those used for other data sets of the same pollutant. The goal is to ensure that instruments
purchased and operated by different states and local agencies produce comparable data. To
promote comparability, the USEPA Technical Assistance Document (TAD) For Precursor Gas
Measurements in the NCore Multi-Pollutant Monitoring Network, Version 4, (EPA-454/R-05-
003) describes the recommended characteristics of high sensitivity CO analyzers and the
procedures for their installation and use.

Method Detection Limit

The method detection limit (MDL) refers to the lowest concentration of a substance that can be
reliably determined by a given procedure. The MDL is typically not provided by the vendor.
Based on the objectives of the Precursor Gas Program, it is expected that most sites will be
measuring pollutant concentrations at lower ranges than the typical SLAMS/NAMS network.
Therefore, the ability to quantify concentrations at these lower levels will be very important.
The use of a vendors advertised LDL is sufficient to make intelligent purchasing decisions;
however, vendors quantify LDLs under ideal conditions and therefore one might consider this
value as the best possible detection that can be achieved.

As these monitors are deployed into monitoring networks, where both environmental
conditions, equipment (calibration, dilution devices, sampling lines, gaseous standards) and
operator activities can vary, it is important to estimate what pollutant concentrations can truly be
detected, above background noise (the potential conditions mentioned above). The site specific
MDL establishes an estimate based on the routine operation (and conditions) of that instrument
in the network and provides a more meaningful evaluation of data as it is aggregated across the
precursor gas network. By establishing site specific MDLs, values less than the MDL can be
flagged which would allow data users a more informed decision on the use of that data.

It is recommended the MDL for high sensitivity CO analyzers be established prior to putting the
analyzers into service, and should be 0.080 ppm (80 ppb) or lower over an averaging time of no
more than 5 minutes.

Lower Detectable Limit
The Lower Detectable Limit (LLDL) is the minimum pollutant concentration that produces a signal

of twice the noise level. To estimate the LDL, zero air is sampled and the noise level of the CO
readings is determined according to 40 CFR 53.23(b). The vendor-specified LDL for the most
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sensitive range of high sensitivity CO analyzers should be 0.040 ppm (40 ppb) or lower, over an
averaging time of no more than 5 minutes.

Linear Range

The /inear range of each high sensitivity CO analyzer should extend from approximately 0.040
ppm to at least 5 ppm. Users should determine if their range should exceed 5 ppm and adjust
accordingly. Note that some high sensitivity CO analyzers can operate simultaneously on a
number of ranges, with each range recorded on a separate data logger channel with its own
calibration curve. Although requiring slightly more effort to calibrate and maintain, recording of
multiple ranges would allow capture of a wide range of CO concentrations.

Zero/Span Drift

Zero drift 1s defined as the change in response to zero pollutant concentration, over 12- and 24-
hour periods of continuous unadjusted operation. Span drift is defined as the percent change in
response to an upscale pollutant concentration over a 24-hour period of continuous unadjusted
operation. Zero and span drift specifications should be obtained from the vendor prior to
putting a high sensitivity CO analyzer into service. Such CO analyzers should have 12- and 24-
hour zero drift less than 100 ppb, and should have a span drift of less than *1 percent of the full
scale measurement range of the analyzer per 24 hours. Zero tests should be performed with the
internal zero engaged. It is suggested that the zero #rap of the analyzer be initially and periodically
(annually) evaluated for efficiency or if the operator suspects a problem with the zero trap. A
suggested means of confirming the functionality of the zero trap is to sample calibration air
spiked with 1000 to 2000 ppb CO during the zero cycle, and review results for the automatic
zeroing periods. This approach tests the key components of the zeroing/drying system and
should meet the vendor-specified zero drift criterion.

Recommended Analyzer Features for High Sensitivity CO Measurements

Continuous high sensitivity CO analyzers are commercially available from a number of vendors.
The design of these analyzers is similar among vendors with some slight variations. A diagram of
a typical high sensitivity GFC CO instrument is described in Figure 6-9. In general, analyzers
contain the following systems:

1. Pneumatic System: This portion of the analyzer consists of a sample probe, sample
inlet line, particulate filter, dryer, catalytic converter, flow meter, and pump, all used to
condition the ambient sample air and bring it to the analyzer;

2. Analytical System: This portion of the analyzer consists of the IR source, the gas
correlation filter, motor, optical multipass cell, detector, and bandpass filter. Being a
mechanical device, the motor can and will wear out. The gas correlation filter can be
subject to leakage and the IR source will eventually burn out. Extra IR sources should be
stocked as replacement parts and the gas correlation filters should be replaced as
necessary; and,

3. Electronic Hardware: This portion of the analyzer consists of the electronic components
that control the analyzer and process the signals. This part of the analyzer generally
requires little or no maintenance. However, if the instrument is operated near the
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manufacturer’s recommended upper temperature limit, individual integrated chips can
fail and cause problems with data storage or retrieval.

In addition to these general systems, the high sensitivity versions of the commercial GFC
CO instruments typically have four distinct features that allow them to measure CO at ppb
levels:

1. The sample stream is dried using a permeation tube or Nafion® Dryer prior to
introduction to the sample cell;

2. 'The analyzer baseline is determined and corrected automatically and frequently by
introducing into the sample cell CO-free air, that is generated using a heated, onboard,
converter that is based on palladium (Pd), platinum (Pt), or other composition;

3. The temperature of the optical bench is tightly controlled (i.e., within = 1 °C) to
maintain detector stability; and,

4. 'The instrument uses an ultra-sensitive detector, in order to detect very small changes in
light intensity. For example, the detector used on TECO Model 48C (Trace Level
Analyzer) is a Photo Conductive, Lead-Selenide (PbSe) device, with an internal
thermoelectric cooler. The PbSe detector operates through use of the internal
photoelectric effect.

It is recommended that the high sensitivity CO analyzers deployed in NCore employ these
features.

Figure 8-9. Diagram of a typical GFC CO analyzer.
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Potential Problems and Solutions
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This section describes several of the potential problems associated with high sensitivity

CO measurements, and discusses the practical solutions to these problems, some of which the
vendors have already implemented in their analyzers. In addition to these potential problems,
other problems may arise in the routine operation of high sensitivity CO analyzers.

Interferences and Sources of Bias

Preventing interferences or biases is crucial to the accurate measurement of low ambient levels
of CO. The following sections describe several potential positive and negative sources of
interference or bias and recommended procedures to minimize these interferences or sources of
bias.

Positive Interferences

GFC CO analyzers determine CO concentration by measuring the amount of light that is
absorbed at a select wavelength (4.7 um) as it passes through a sample cell containing CO. Any
other gas in the air sample that also absorbs at those wavelengths could present an interference
that would result in an inaccurate determination of CO concentration. Removal of potential
interferences must be done selectively such that these interferences are completely removed
without affecting the CO concentration. For CO measurements at low ambient levels, this is
particularly critical in order to achieve the desired sensitivity. Of particular concern are water
vapor and CO,, which are both generally present in the atmosphere at concentrations which
greatly exceeding those of CO.

Water absorbs very strongly in the 3.1, 5.0 to 5.5, and 7.1 to 10.0 um regions of the IR spectrum
and therefore must be removed from the sample air to avoid positive interferences in the
determination of CO concentration. To achieve this goal, high sensitivity CO analyzers are
equipped with a permeation tube or Nafion™ drier (discussed earlier in this Chapter) that
selectively removes water vapor from the sample gas without removing CO.

COzabsorbs in the IR spectrum at 2.7, 5.2, and 8.0 to 12.0 um. These regions are also very close
to the regions of CO absorption. Since atmospheric carbon dioxide is typically much higher in
concentration than CO and has properties that are similar to CO, it is impractical to selectively
remove CO; from the sample air without removing a fraction of the CO. Therefore, it is
important that the bandpass filter used to limit the interrogating radiation is sufficiently selective
to restrict the wavelengths to a small region centered on the CO absorption band of 4.7 pm.
Manufacturers of high sensitivity CO analyzers select the bandpass filter to effectively remove
COqinterference. An added benefit of such filters is that they also limit interference from water
Vapor.

Negative Interferences and Biases

High sensitivity CO analyzers are equipped with a solenoid switching system to draw sample air
into a heated internal scrubber that converts all CO to CO.. The analyzer then measures the light
absorption of this CO-free air and uses that light intensity to establish the zero reading.
However, any CO that is not converted to CO,would remain in the sample gas and decrease the
light intensity (i.e., absorb the light) used to establish the zero reading, resulting in an artificially
high zero reading and a negative bias when measuring the CO in ambient air. To avoid this
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situation, it is important that the heated scrubber be maintained at the manufacturer’s
recommended temperature. Scrubber efficiency must be checked periodically, e.g., every 30 days.
A convenient means to check CO scrubber efficiency is to sample ambient air, then zero air, and
then a CO calibration mixture, all with the internal heated CO scrubber engaged. Zero air and
sample air readings should be within £0.010 ppm (10 ppb), and scrubber efficiency should be
>99%.

Detector Stability

The temperature of the detector in a high sensitivity CO analyzer must remain stable in order to
allow for ppb sensitivity. Commercial high sensitivity CO analyzers provide a display of the
detector temperature. This temperature should be checked periodically for compliance with the
vendor’s required temperature setting. Bench temperature should be checked both with and
without the zero scrubber engaged, to ensure that scrubber effluent does not cause heating of
the optical bench.

Zero Air Source/Generator

Zero air is required for the calibration of high sensitivity CO analyzers. This air must contain no
detectable CO (i.e., CO content must be less than the LDL of the CO analyzer) and must be free
of particulate matter. Suitable zero air may be supplied from compressed gas cylinders of
purified air, with additional external CO scrubbers (e.g. hopcalite or carulite) to remove residual
CO in the commercial product. However, it is likely too expensive and impractical to maintain a
sufficient supply of zero air cylinders to operate a high sensitivity CO analyzer continuously. As
an alternative, many commercially available zero-air generation systems can greatly reduce CO
levels in air. However, depending on the required zero air flow rates, it may be difficult to reduce
CO levels to 0.040 ppm or less, unless a Pd or Pt scrubber is used. A recommended approach to
test zero air quality is to compare the readings of the high sensitivity CO analyzer in zero air in
sample mode vs. the analyzer output in the “auto zero” mode. This comparison should be done
at least quarterly and can only be done with those analyzers that provide a digital recording of
the output in the “auto zero” mode.

Reagents and Standards

Routine operation of precursor CO analyzers requires the use of calibration standards and zero
air to conduct periodic calibrations and instrument checks. This section describes the
requirements for these gases.

Calibration Standards

The primary CO standards used must be certified, commercially-prepared compressed gas
standards with a certified accuracy of no worse than *2 percent. Standards in the concentration
range of 200 to 250 ppm are suitable choices for dilution to prepare low concentration
calibration mixtures. The commercially-prepared CO standard may contain only CO in an inert
gas (e.g., N2), or may be a mixed component standard that also contains known concentrations
of other precursor gases (e.g., SOz, NO). (Note that mixtures containing both SO, and NO may
not be suitable for SOz calibration, depending on the NO rejection ratio of the SO, analyzer.)
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Every gas standard used in precursor gas monitoring must be accompanied by a certificate of
calibration from the vendor stating the concentration of the standard, the uncertainty of that
certification, and the expiration date of the certification. Standards traceable to NIST are
preferred. Certification documents for all standards must be retained in a common location and
reviewed periodically so that standards for which the vendor’s certification has expired may be
removed from service and replaced.

Zero Air

Zero air used as dilution gas for calibration purposes should have a CO concentration below the
LDL of the high sensitivity CO monitor. Commercial cylinder gas grades such as Ultra Zero and
CEM grade may be suitable as a starting point, provided additional cleanup is employed as
discussed in the previous section. Commercial zero air further scrubbed of CO may be used to
crosscheck the purity of air provided by a commercial continuous air purification system.

Quality Control

A thorough quality control program is critical to the collection of high sensitivity CO monitoring
data, and must be implemented at each NCore site. Components of such a program are
described below.

Site Visit Checks and Remote Diagnostic Checks

To determine whether the CO analyzer is working properly, field operators should conduct
routine checks of instrument diagnostics and performance every time they visit the monitoring
station. Each agency needs to develop diagnostic or maintenance checklists or electronic
spreadsheets to document that all required checks have been made. Such lists and sheets should
be useful both for collecting diagnostic information and for assessing the quality of the
monitoring data. To the extent possible, diagnostic checks can be done remotely, provided the
data acquisition system allows remote access to instrument diagnostic information.

Multipoint Calibrations

A multipoint calibration includes a minimum of four points (three spaced over the expected
range and a zero point), generated by the calibration system. Although more points may be
preferable, current high sensitivity CO analyzers typically provide linear response over the entire
operating range; therefore, four points should be sufficient. Multipoint calibrations must be
done prior to the high sensitivity CO analyzer being put into service and should be repeated at
least quarterly thereafter. An analyzer should be calibrated (or recalibrated) if any of the
following conditions occur:

¢ Upon initial installation;
* The Level 1 span check or precision check difference exceeds 15 percent;
* After repairs or service is conducted that may affect the calibration;

* Following physical relocation or an interruption in operation of more than a few days;
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* Upon any indication that the analyzer has malfunctioned or a there has been a change in
calibration; or

* The measured concentration values during challenges with performance test (audit)
samples differ from the certified standard values by =15 percent. (Generally this challenge
is conducted as a blind audit, such that the site operator is not aware of the gas standard
concentrations delivered to the analyzers.)

The analyzers should be calibrated 7#-situ without disturbing the normal sampling inlet system to
the degree possible.

Level 1 Zero/Span Checks

Level 1 zero and span calibrations are simplified, two-point calibrations used when adjustments
may be made to the analyzer. When no adjustments are made to the analyzer, the Level 1
calibration may also be called a zero/span “check” and must not be confused with a level 2 zero
and span check. Level 1 zero and span checks should be conducted nightly. They are used to
assess if the analyzers are operating properly and to assess if any drift in instrument response has
occurred. The level 1 check should not exceed *15 percent.

Zero drift is internally adjusted by the analyzer. The zero check is used to verify that the internal
zero is working propetrly. They are conducted by challenging the analyzer with zero air and a test
atmosphere containing CO at a concentration of between 70 percent and 90 percent of the full
measurement range in which the analyzer is operating. The challenge gas should be sampled
through as much of the sampling inlet system as practical to mimic the actual sampling of
ambient ait. The results of the Level 1 zero/span check should be plotted on control chatts to
graphically illustrate the trends in the response of the analyzer to the challenge gases. If the
measured concentrations fall outside of the control limits, the accuracy of the MFC calibration
system should be checked with a NIST-traceable flow standard. If the MFC flow accuracy is
confirmed, the data recorded since the last successful Level 1 check should be flagged and the
analyzer should be recalibrated using the multipoint calibration procedures described eatlier.

State-of-the-art calibration equipment now exists that is fully automated. These "new
generation" calibration units are fully integrated with computers, mass flow calibrators, and the
associated hardware and software where they can create test atmospheres manually or
automatically. For the precursor gas program, it is recommended that the NCore sites have fully
automated calibration capability. Below are a number of reasons why this is advantageous:

* By performing the calibrations or checks automatically, agencies no longer expend the
extra manpower needed to perform them manually.

* Automated calibrations or checks can be triggered internally or by a DAS. Since newer
DASs allow remote access; this allows a remote user to challenge the analyzers without
actually being present.

* High sensitivity precursor gas analyzers are expected to have more zero and span drift than
less sensitive analyzers; therefore, it is important that a zero and Level I check be
performed daily.

8-28



* New generation DASs can record calibration and check data and allow remote users to
track daily Level I check and zero drift. This is important for data validation, verification
and troubleshooting.

Precision Checks

At least once every two weeks, a precision check should be conducted by challenging the CO
analyzer with a known (low) CO concentration to assess the performance of the analyzer. The
precision checks should be conducted by challenging the precursor CO analyzer with a standard
gas of known concentration between 0.25 and 0.50 ppm (250 and 500 ppb). After completion of
the precision check, the operator should calculate the percent difference between the measured
value and the known standard value. Precision should be calculated quarterly, using the
calculated percent differences from the precision checks (For more detail on calculating
precision, refer to Technical Assistance Document (TAD) for Precursor Gas Measurements in
the NCore Multi-pollutant Monitoring Network Version 4 (EPA-454/R-05-003). For acceptable
precision to be maintained it is recommended that the calibration system’s gas flows be verified
frequently against a NIST flow standard, and adjusted if necessary before making any
adjustments to the analyzer.

Preventive Maintenance and Troubleshooting

Long-term operation of continuous high sensitivity precursor gas analyzers requires a preventive
maintenance program to avoid instrument down-time and data loss. This section briefly
describes several key items that might be included in the preventive maintenance program
established for high sensitivity CO analyzers deployed at NCore sites, as well as some of the
troubleshooting activities that may be useful in resolving unexpected problems with these
analyzers. This discussion is not meant to be exhaustive or comprehensive in detail. More
thorough discussions can be found in the analyzer operation manuals, and should be included in
SOPs developed for these analyzers. Example SOP’s prepared by EPA are included as Appendix
B of the Technical Assistance Document (TAD) for Precursor Gas Measurements in the NCore
Multi-pollutant Monitoring Network Version 4 (EPA-454/R-05-003).

Preventive Maintenance

Management and field operators should jointly develop their preventive maintenance program.
A program designed by persons unfamiliar with analyzer operations may include unnecessary
items or omit mandatory ones.

Several factors linked to shelter and sampling manifold design can contribute to data loss. CO
values can be low if the sample probe, manifold, and lines are dirty, cracked, or leaky. The
sample probe and manifold should be cleaned at least every six months. FEP and PTFE
sampling lines should be replaced every two years. Teflon® filters used in the sampling train to
remove fine particles should be replaced at least once per month, but may need to be replaced as
often as every week, depending on the condition of the filter and the particulate loading around
the monitoring site.
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Table 8-6 illustrates items that monitoring agencies should include in their preventive
maintenance program for precursor CO monitoring. In addition to a schedule, the preventive
maintenance plan should also include more detailed task descriptions, such as illustrated below:

* Because the analyzer pneumatic system requires so much preventive maintenance, the
tubing, solenoids, and pump should be inspected regularly. Cracked tubing or loose fittings
can cause the instrument to analyze room air rather than ambient air and lead to invalid
data. A faulty pump can also cause problems with pneumatic systems. When oscillations in
the flow rate force the operator to adjust the flow continually, the pump is failing and
should be either repaired or replaced.

¢ Check the instrument for vibration. When pumps get old, they sometimes will vibrate more
than is normal. If this occurs, it can cause cracks if the tubing is touching another surface.

* Consult the analyzer operations manual for complete details on operation and
maintenance.

Table8-6. Example of a preventive maintenance schedule for high sensitivity CO analyzers.

Item Schedule

Replace particle filter Weekly

Clean fan/fan filter Semi-annually

Inspect internal, external tubing; replace if necessary Annually

Rebuild or replace pump Every two years, or as needed

Replace IR source As needed ba,s ed.on .
manufacturer’s diagnostics

Clean optic bench As needed

Replace wheel motor As needed

Replace gases in correlation wheel As needed

Troubleshooting

When troubleshooting, an operator must constantly be aware of environmental factors that may
affect the instruments. Environmental factors can also cause sporadic problems that can be
difficult to diagnose. Examples of factors that may affect the performance of the high sensitivity
CO analyzers are:

* Variable shelter temperature (fluctuations greater than several degrees);

* Excessive vibration from other equipment;

* Voltage instability; fluctuations in the 110 VAC line voltage;

e Air conditioning system blowing on the instrument;

* Frequent opening of the door of the shelter.
Table 8-7 summarizes common problems seen with high sensitivity CO analyzers, their possible

causes, and possible solutions. More specific information can be found in the manufacturer’s
operations manual.
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Table 8-7. Instrument troubleshooting for high sensitivity CO analyzers.

Problem

Possible Cause

Possible Solution

Noisy output

Defective DC power supply

Replace power supply

Dirty optics

Clean optics bench

High positive zero drift

Defective bandpass filter

Replace filter

No Response to Span Gas

IR source is defective

Replace IR source

IR power supply defective

Replace IR power supply

IR source is defective

Replace IR source

Differential Signal at Zero IR power supply is defective Replace IR power supply
CO leak from correlation wheel | Replace wheel
Pump failure Check pump

Zero output at ambient
levels

IR source failure

Replace IR source

IR power supply defective

Replace power supply

No flow through analyzer

Pump failure

Replace/ rebuild pump head

Reference signal at zero

N2 leak from correlation wheel

Replace wheel
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