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Chapter 7
Certification and Approval Mechanisms for
Non-criteria Pollutant Monitoring Systems;

Calibration and Demonstration of Performance

7.1 Introduction
The purpose of this chapter is to aid in understanding
how CEM systems are evaluated and approved for use
in regulatory applications.  Quality assurance proce-
dures that are used on an on-going basis to maintain
CEM data quality within acceptable limits are
discussed.  Understanding these issues is important
because, 1) specific technical requirements in this area
may constrain the selection of CEM equipment, 2) the
complexity of a monitoring program at a particular fa-
cility may be significantly affected, and 3) the specifi-
cation or choice of initial approval procedures and qual-
ity assurance activities may affect the cost and risk
associated with a monitoring program.  
Many non-criteria pollutant monitoring applications
present special and difficult challenges in this area.
The lack of appropriate calibration materials or proce-
dures, inadequate performance specifications and
quality assurance requirements, and the absence of
reference test procedures all constrain the availability
of non-criteria pollutant monitoring systems.  Some of
these issues are being addressed by instrument devel-
opers and control agencies and progress is being made
in resolving problems.  Many approaches that have
been successful in the field of criteria pollutant moni-
toring cannot be transferred to monitoring of non-crite-
ria pollutants.  An overview of certification and
approval mechanisms is presented in Figure 7-1.  As
indicated on the chart, initial monitor set-up activities
are very important considerations for non-criteria pol-
lutant monitors.  For such monitors, the type of proce-
dures and approaches used by the equipment supplier
or facility personnel to establish proper calibration and
operation of a measurement system are quite diverse
and are highly dependent on the specific sampling and
analysis system under consideration.  For some sys-
tems, these initial set-up and calibration procedures
necessitate understanding the intricacies of the analyti-
cal technique, the limitations of calibration check pro-
cedures, and the constraints of available calibration
standards.  The “black box” empirical approach tradi-
tionally used for criteria pollutant CEM systems is not

applicable to many non-criteria pollutants.  For many of
these monitors the constraints which affect the initial
set-up of the monitor also limit the methods which
may be used to demonstrate the performance of the
CEM system.  Many of the issues associated with the
initial set-up and calibration of non-criteria pollutant
CEM systems are  discussed in Section 7.2.

Methods and procedures used to demonstrate the per-
formance of non-criteria pollutant CEM systems both
initially and on an ongoing basis are shown in Figure 7-
1.  Monitoring system certification is based on deter-
mining whether the analyzer is properly calibrated, and
if the sampling system can deliver the  gaseous com-
pounds to be measured to the analyzer within a pre-
scribed tolerance.  A number of ways to assess ana-
lyzer calibration and sampling system bias exist.  Spec-
ifications for non-criteria pollutant monitoring systems
generally require a performance specification test that
includes calibration drift and accuracy tests.  These
tests are performed soon after installation of the moni-
tor.  Daily calibration checks are performed for virtually
all CEM systems to assess data accuracy on a day-to-
day basis.  For some applications, development of a
quality assurance (QA)  plan and performing periodic
accuracy checks may be required.  Existing and pro-
posed regulatory mechanisms for performing the initial
certification test, conducting subsequent evaluations
of monitor performance, and alternate techniques to
assess a CEM system’s effectiveness are discussed in
Sections 7.3.4, 7.3.5, and 7.4. 

Because the existing regulatory mechanisms do not
address all of the potential issues and applications for
non-criteria pollutant monitors, alternate instrumental
protocols and acceptance criteria may be necessary for
non-criteria pollutant CEM systems data validation.  In
some cases, approval mechanisms for instrumental 
test methods may be modified for this application.
Techniques such as dynamic analyte spiking may be
necessary to properly  evaluate CEM system  perfor-
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Figure 7-1.  Certification and approval mechanisms.

mance necessary to properly evaluate CEM system
performance, especially for reactive or condensable In this chapter, the term “analyte” will refer to gas-
compounds, or compounds that have many interfer- eous compounds that are to be measured.  Using this
ences in the analytical procedures used for quantifica- term, calibration can be said to establish the proper
tion.  Alternative approaches such as those used in measurement system operation for the target anal-
Germany, or those included in standards developed ytes.
by the International Standards Organization may also  
be applicable to non-criteria pollutant monitors. 7.2.1 Instrument Function
These alternative approaches are discussed in Section “Instrument function” is a term that refers to the in-
7.4. strument’s response versus concentration for each

7.2 Instrument Calibration
The term “calibration” is used to represent many
concepts in the CEM field.  These concepts include
simple daily QA checks, routine adjustments to com-
pensate for analyzer drift, benchtop adjustments
made by the manufacturer, comparisons with manual
test methods, and fundamental adjustments of vari-
ous system components.  Here, “calibration” is de-
fined as the set of necessary activities that establish
the relationship between the analyzer output (instru-
ment response) and a series of standard materials
that span the anticipated operating range.  In the
traditional and most straightforward case, a system
measuring gaseous pollutants is calibrated by intro-
ducing a series of calibration gases at known concen-
trations to assess performance.  Appropriate adjust-
ments are then made so that the instrument provides
a proper response over the measurement range.  In
other cases, where appropriate calibration materials,
performance specifications or quality assurance pro-
cedures have not been fully developed, the project
manager must evaluate the specific instrument re-
sponse, the effective measurement range, and the
procedures used to establish and verify proper cali-
bration.

analyte.  A graphical representation of response ver-
sus concentration defines the “shape” of  the instru-
ment function.  For example, some instruments gen-
erate a linear response (i.e., flame ionization detec-
tors, FIDs) through a given calibration range, while
other instruments deviate from linearity at low or high
concentration ranges (infrared).  Some instruments
have complex instrument functions such as a loga-
rithmic or quadratic response with respect to concen-
tration. 

The instrumental function must be known for each
analyte to select the appropriate calibration points
over the anticipated operating range.  For linear de-
vices such as FIDs, zero and upscale calibration
points may be sufficient.  However, for non-linear
instrument functions, additional calibration points
that encompass each analyte concentration are nec-
essary to ensure proper quantification.  Figure 7-2 is
a simplified representation of two instrument func-
tions.

Multi-component analyzers frequently have different
instrumental responses (response factors) for each
gas (analyte) that is being measured.  In all cases,
the instrument function depends upon the analytes’
physical properties and interferences from other flue
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gas components.  For example, an FTIR analyzer may which type of calibration standard should be used.
exhibit a linear response for most compounds over a Regulatory requirements, the instrument function,
certain measurement range but will exhibit a non-lin- CEM system design and the expected target analyte
ear response for compounds such as carbon monox- concentration range must be considered when select-
ide. ing calibration standards.  In general, a CEM system

Figure 7-2.  Instrument Function of Two Analyzers. Virtually all extractive systems can analyze calibration

Inherent to the instrument function is the  detection lyze calibration gases also.  Use of standard reference
level achievable for each analyte.  The “detection materials (SRMs) for routine calibrations is cost pro-
level,” or detection limit, is defined as the lowest hibitive.  However, secondary calibration gas
concentration level for each analyte that the instru- standards, called Protocol 1 gases, are referenced to
ment is able to measure.  The detection limit often is the SRM, and are lower in cost.  For some gases,
determined by the instrument’s “signal to noise (S/N) SRMs are available from the National Institute of
ratio.”  This is the ratio of the instrument response to Standards and Technology.  Protocol 1 (USEPA,
the lowest level calibration standard, divided by the 1996a) gases are certified by the gas manufacturer
instrument response when no analytes are present under a protocol accepted by EPA.   Analyzers that
(noise) which gives a good approximation of the S/N accept calibration gases directly can use Protocol 1
ratio, and thus the instrument’s detection limit.  An gases (±1-2%), certified reference standards (usually
instrument  S/N ratio of 10 should be adequate to ±2 to 5% accuracy), or permeation and diffusion
detect most analytes; however, this should be veri- devices that generate a known concentration of gas.
fied by direct observation. Also, Part 51, Method 205 provides for the dilution

Another important characteristic of the instrument duce the number of cylinders and amount of gas that
function is the range of uncertainty associated with is required.
the response.   Many optical instruments are very
repeatable.  On the other hand, mass spectrometers Protocol 1 gases have a period for which they are
exhibit greater imprecision in their quantitative out- certified, whereas merely certified reference materials
put.  Imprecision should not be mistaken for bias. usually do not.  Calibration standards for non-criteria
The level of repeatability or precision associated with pollutants usually are not available as Protocol 1
a specific instrument function must be considered in gases, and therefore, the best available standards are
determining the appropriate number of cali-bration those that have reference values certified by the
check repetitions to perform and in establishing con- manufacturer.  All calibration standards should be
trol limits for initiating corrective action. checked periodically to ensure that the compounds

7.2.2 Calibration Materials pect calibration gases should be reanalyzed and recer-
Calibration standards may be comprised of certified tified.  Compounds that are particularly problematic
gaseous standards in gas cylinders,  permeation or in compressed gas form are those that are reactive or
diffusion devices that generate known concentrations have the tendency to polymerize.  Examples of these
of gas, optical filters, gas filled cells, chemical solu- gases are halogenated acids (i.e., HCl and HF) and
tions, or reference spectra.  The target analytes, sam- formaldehyde, respectively.
pling system, and analytical techniques determine

calibration technique should provide for checks at a
zero, a mid-point, and a high-range concentration for
each target analyte. 

When certifying and calibrating multi-component ana-
lyzers, all, or as many of the analytes as possible,
should be in the same gas cylinder or set of perme-
ation/diffusion vials.  This will enable simul-taneous
calibration and calibration checks to be conducted
providing for both cost and time savings.  The cali-
bration standard manufacturer should be contacted to
ensure that calibration standards are available as sta-
ble blends at the required concentrations.

7.2.2.1 Gaseous Standards

gas directly.  Many point in-situ analyzers can ana-

of calibration gases for multi-point calibrations to re-

have not degraded from their certified values.  Sus-
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Some compounds are not available in gaseous form 7.2.2.2 Reference Spectra 
because their vapor pressures are too low, or they Some analyzers employ reference spectra standards
are not stable at elevated pressure.  Gas standards for calibration purposes.  Reference spectra may be
for these compounds can be generated from the used repeatedly without having to recalibrate the ana-
liquid or solid material using either permeation tubes lyzer, and thus provide savings in cost and time.
(for liquids) or diffusion vials (for solids).  Permeation Fourier transform infrared (FTIR) and tunable diode
tubes are sealed devices that contain the analyte and laser analyzers are examples where reference spectra
usually are constructed from semipermeable Teflon™ standards are used to quantify data.  A reference
tubing.  Diffusion vials are constructed from glass or spectrum is composed of digitally stored data
quartz and have a small orifice through which they obtained from an instrument’s spectral response to a
are filled with the solid material.  Gas generators and known gas standard, acquired at a known con-
permeation/diffusion apparatus are available with centration, temperature, pressure, and measurement
emission rates certified within ±2 to 5 percent. pathlength.  These spectra represent graphically the

The generation of gaseous standards from liquids or tromagnetic radiation) with respect to wavelength.
solids is fairly simple.  A sample of the liquid or solid To employ reference spectra acquired at one point in
contained in the vial is placed in a temperature time to quantify data acquired at a later date, the in-
controlled oven through which a carrier gas is swept. strument response obtained during reference spectral
The concentration of the generated gas is directly acquisition is compared with the instrument response
proportional to the permeation/diffusion rate of the obtained during the time of data collection.  A com-
tube or vial.  Permeation and diffusion rates are parison of the instrument response at different points
based upon the vapor pressure of the compound, the in time is performed by analyzing a calibration trans-
temperature and pressure of the oven, and the flow fer standard (CTS).  Similarly, reference spectra ac-
rate of the carrier gas.  Figure 7-3 is a genera-lized quired on one instrument may be used to quantify
schematic of a permeation/diffusion based gaseous data collected on another instrument provided that
standards generator. the two instrument responses are related through the

Figure 7-3.  Generalized schematic of a permeation/ ence spectrum CTS to that acquired during sampling.
diffusion-based calibration gas generator. The exact same process is used to adjust the refer-

Another means of generating gaseous standards is response at the time of sampling, and therefore may
termed the “hanging drop” approach.  In this proce- be used to quantify data. 
dure, a drop of the standard solution is introduced
into a gas stream via a syringe.  The syringe assem- Figure 7-4 is a simplified diagram of the use of cali-
bly is placed into a heated compartment so that the bration transfer standards.  In this figure, the CTS
drop is continuously volatilized by carrier gas.  Use of gas collected during field sampling is 0.85 times the
the hanging drop technique involves many parame- response  of the CTS collected  with the reference
ters that introduce errors that could invalidate test spectra.  Therefore, to employ the reference spectra,
results.  Factors such as preparing the standard solu- a mathematical transformation must be applied to the
tion and determining the exact volatilization rate af- CTS reference spectrum to match the CTS collected
fect the resultant concentration of analyte in the cali- with the sample spectrum, and thus adjust for the
bration gas, and thus the accuracy of the calibration. difference in instrument response.  This same trans-
This procedure should be used only when certified formation is then applied to  the analyte reference
gaseous  standards and permeation/diffusion spectrum to quantify the analyte in the sample spec-
standards are not available commercially. trum.

instrument’s response (relative absorbance of elec-

CTS.

The CTS gas is used as the link between the instru-
ment response at the time of calibration and the in-
strument response at the time of actual sample acqui-
sition.  A CTS spectrum generated during instrument
calibration is compared to a CTS spectrum acquired
during sampling.  A mathematical transformation
(correction factor) is then applied to match the refer-

ence spectra so that they represent the instrumental
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Figure 7-4.  Use of calibration transfer standards (CTS).

The concept of calibration transfer is simple in the- filled cell or an optical filter that is inserted into the
ory; however, in practice it may be quite complex. measurement path to generate an upscale instru-
In theory, any set of reference spectra may be used mental response.  Where gas cells are mounted
provided that the calibration transfer is valid.  In within a temperature controlled region of an analyzer,
practice, reference spectra are most often generated temperature compensation features that are used in
on the actual field instrument to minimize errors the sampling mode may need to be disabled to ad-
associated with the necessary CTS mathematical just for optical absorption and/or gas density varia-
transformations and added noise. Detailed proce- tions in the flue gas.  In this situation, calibration
dures for acquisition of FTIR reference spectra stan- checks with gas cells may not represent fully the
dards and their transference are beyond the scope performance of the entire measurement system.
of this text.  These may be found in an EPA FTIR Problems in the temperature compensation feature
Protocol (USEPA, 1996b). cannot be detected if it is disabled during  the cali- 

7.2.2.3 Other Calibration Techniques the monitoring equipment is excluded from the rou-
Some analyzers are not capable of directly accept- tine calibration check procedure, a separate means of
ing calibration gases.  Many cross-stack in-situ ana- verifying the performance of the excluded compo-
lyzers are not designed to accept calibration gases nent must be used.
while the design of others allows the use of a flow-
through gas cell.  The approach used to check the The primary calibration for most in-situ analyzers that
calibration for these monitors also may be cannot accept calibration gases is established typi-
constrained because the flue gas cannot be cally during laboratory bench tests at the manufac-
removed from the measurement path and thus the turing facility.  Based on the design of the
zero concentration is difficult to verify.  Some in- instrument, various internal functions are monitored
situ monitors have been designed or modified to to maintain performance within acceptable limits or
allow the introduction of calibration gases (Jahnke, to provide an indication to the operator that the ini-
1993, 1994).  For many of these instruments, the tial calibration is no longer valid.  The parameters
calibration gas cell must be maintained at the same and functions that are monitored depend on the ana-
temperature as the flue gas sample to obtain valid lytical principal and the design of the instrument.
calibration measurements.  Understanding the relationship among these parame-

For in-situ gas analyzers that cannot analyze calibra- complex than simply evaluating a monitor response
tion gases, a zero reflector or other device may be to an external calibration standard.
used to simulate the zero concentration condition.
Calibration standards may be comprised of a gas-

bration checks.  When a significant component of

ters and the acceptable tolerances is usually more
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Some analyzers employ a correlation factor derived when conditions change at the facility that may af-
from comparing the instrumental response to an- fect the calibration. 
other sampling method.  The initial instrument func-
tion is determined, and the initial calibration is con- For particulate monitors, the specific parameters that
ducted by setting and monitoring internal instrumen- are monitored on a day-to-day basis (or in some
tal parameters.  Then the instrument response is cases on a continuous basis) depend on the mea-
correlated to concentration by comparison with ref- surement technique.  For example, transmissometers
erence test methods.  Polynuclear aromatic hydro- used as particulate monitors incorporate a simulated
carbon (PAH) analyzers are an example of such in- zero mechanism (often a reflector to simulate zero
struments.  Calibration is factory set, and correla- opacity) and an internal optical filter (as an upscale
tion to concentration is performed by comparing the check) to verify proper performance.  Similarly, in-
instrument response with EPA Office of Solid Waste situ light scattering devices used as particulate moni-
Method SW846-0010/8270 (SW846 Manual, Nov- tors include a two point calibration check by tempo-
ember 1986).  This instrumental correlation to refer- rarily not illuminating the effluent and by using the
ence method determined concentration must be per- light source and a filter to check the response of the
formed on a source-by-source basis. detector.  These and other internal checks are suffi-

Continuous particulate monitors are another exam- within the limits established by the manufacturer. 
ple of analyzers calibrated by correlation to manual  
sampling methods.  This can be accomplished in 7.2.3 Direct and System Calibration Procedures
accordance with the provisions of the International Once the instrument function and necessary calibra-
Standards Organization 10155 (ISO, 1995, see also tion materials are determined, the monitor may be
7.3.4 CEM System Approval Mechanisms in calibrated.  There are two conventional calibration
Germany, or the proposed Part 60, Performance methods for CEM systems that accept calibration
Specification 11A).  This standard establishes per- gases.  These methods are referred to as “direct”
formance specifications and procedures for perform- and “system” calibrations, respectively.  Figure 7-5
ing the calibration of continuous particulate matter is a generalized schematic of direct and system cali-
measurement techniques relative to the results of a brations.
series of manual tests.  Recalibration is required

cient to determine that the instrument operates

Figure 7-5.  Direct and system calibrations.  
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A direct calibration consists of injecting the stan- fourteen volatile organic compounds to reduce the
dards directly at the analyzer and recording the re- cost and complexity of the testing program.  
sponse.  Direct calibration checks assess the stability
of the analyzer and the extent to which the instru- Optical analyzers that employ a reference spectral
ment has drifted from its zero and span calibra-tion library for quantification also need to perform calibra-
points.  Direct instrument calibrations test the instru- tion status checks on a periodic basis.  This ensures
ment function only. that a valid calibration transfer exists be-tween the

A system calibration injects the calibration stan-dards library) and the time of sample collection and analy-
at a point in the sample delivery system as close to sis.  A gaseous calibration transfer standard (CTS)
the probe tip as possible.  Calibration standards must should be analyzed and the response compared to
be introduced at a point upstream of the primary par- the response at the time the reference spectra were
t icu late  matter filter to account for any obtained.  Direct and system calibrations using the
filter/particulate cake reactions with the anal-ytes. CTS should be performed so that the effect of sam-
System calibrations provide an indication of the sam- pling system bias on instrumental response may be
ple handling system’s effectiveness to deliver the measured.  Ethylene and carbon monoxide have been
analytes to the analyzer, as well as testing the instru- successfully used as calibration transfer standards for
ment function. extractive FTIR measurement systems (USEPA,

Optimally, direct and system calibrations should
agree.  Large differences between these two calibra- Software audits also can be used as a tool to evalu-
tion techniques for the same analytes could indicate ate optical CEM system quantitative algorithms and
that a leak is present or that losses due to chemical their ability to accurately quantify data.  Software
or physical reactivity are occurring.  Losses due to audits may consist of synthetic spectra (a number of
adsorption and condensation are the most typical for reference spectra superimposed upon one another),
non-criteria pollutants.  System calibrations are also or actual measurement data that challenges the abil-
necessary to determine if compounds may have ad- ity of the analysis technique to distinguish between
sorbed on the filter.  Adsorbed or condensed com- the target analytes and their interferences.  Such au-
pounds that volatilize later can cause a positive mea- dits can be useful where a computer is used to ana-
surement bias. lyze broad-band spectral measurements such as

F o r  those analyzers that measure multiple lection of particular spectral regions over which to
components, daily calibrations of the instrument may perform an analysis, or the particular procedure used
not be economically feasible for all compounds that to remove the affects of water or other interferences,
are measurable.  In this instance, surrogate com- may significantly affect the results.  
pounds must be chosen for calibration checks.  Sur-
rogates are target analytes that can also represent a An audit using artificially generated spectra, or spec-
range of other target analytes through similar instru- tral data files from prior measurements obtained at
mental response, sampling system bias response, and another source, can be employed to gauge the effec-
other important characteristics.  Selection of surro- tiveness of the analytical procedure.  However, audits
gates depends on their ability to represent more than are likely to generate one-sided conclusions.  For ex-
one of the target analytes, based on similar physical ample, an analysis routine that cannot  properly iden-
properties.  An example of surrogate selection is the tify target analytes in an audit spectrum most likely
use of one water soluble compound to represent will fail to identify these analytes in actual samples.
many.  If a CEM system is designed to measure HCl, The converse is not necessarily true.  Obviously, a
formaldehyde, acetaldehyde, ammonia, methanol, software audit cannot evaluate the physical perfor-
and benzene, toluene and xylenes (BTX), the use of mance of a sampling system or the performance of
HCl and benzene may be possible as surrogates for an analyzer. 
the entire population of compounds.  HCl will repre-
sent the water soluble and reactive compounds,
while the benzene can represent the aromatic com-
pounds.  Protocols using surrogate recovery check
compounds have been prepared by the Portland Ce-
ment Association based upon using surrogate com-
pounds (Kinner, 1995).  In these protocols, three re-
covery check compounds were used to represent

time of reference spectra acquisition (reference

1993; Kinner, 1994).

those employed by an FTIR.  In such cases, the se-

7.3 Demonstration of Performance;  
Certification and Quality Assurance

CEM systems installed to comply with regulatory
requirements must demonstrate acceptable perfor-
mance both initially and on a continuing basis.  The
specific requirements vary for different regulatory



111

applications (see Chapter 2) or according to specific proposed rule is adopted.  All of the performance-
conditions or requirements included in the facility’s based specifications listed above are derived from PS
permit.  Nevertheless, most CEM systems are subject 2, ISO 10155 (for particulate monitoring), and vari-
to a performance specification test, or “certification ous instrumental test methods.
test,” soon after installation.  Source operators are
required to perform daily checks of CEM systems cali- 7.3.2 Performance Specification Testing
bration status to ensure the validity of data on a day- A performance specification test (PST) is performed
to-day basis.  Some sources are required to develop soon after installation of the CEM system and peri-
quality assurance plans and conduct periodic audits odically as specified in the applicable regulations.
of CEM systems performance.  In other cases, the The test is performed in accordance with procedures
regulatory agency relies on a general requirement for detailed in the applicable performance specifications
the proper operation and maintenance of the CEM previously described.  In some regulatory applications
system and can require performance specification (and in common usage), this initial test is referred to
tests to be conducted as necessary. as a “certification test.”  The PST usually includes a

7.3.1 EPA Performance Specifications for  75 applications, the term “calibration error test” is
Non-criteria Pollutant Monitoring used to describe the drift test and daily zero and up-

Performance specifications are a set of procedures scale calibration checks.  This terminology is avoided
and criteria that are used to evaluate the acceptability here to minimize confusion.)  The accuracy test is
of the CEM system at the time of installation and often a “relative accuracy test” involving comparison
whenever specified in the applicable regulations.  Ex- with results of an independent reference test method
isting EPA performance specifications (PS) for non- (RM).  For some monitors, the accuracy test requires
criteria pollutant analyzers address monitoring of analysis of several calibration standards to determine
VOCs and TRS only.  Performance specifications for calibration error only.  Depending on the specific reg-
H S in refinery fuel gas also have been developed to ulatory requirements, the PST also may include re-2

provide an alternative to measurement of SO  emis- sponse time or cycle time tests, short-term drift2

sions at many emission points.  Existing EPA perfor- tests, and demonstrations that the measurement sys-
mance specifications for non-criteria pollutants are tem can operate continuously for prescribed periods
summarized in Table 7-1 (requirements from PS 2 are without unscheduled maintenance or repairs.  (Part
shown for comparison). 75 performance specifications are described in Chap-

Performance specifications for VOC CEM systems are
included in PS 8 and PS 9 of Part 60 for sources sub- 7.3.2.1 Calibration Drift Test 
ject to New Source Performance Standards.  PS 8 is A typical PST includes a calibration drift test
applicable to analyzers that provide a total hydrocar- performed over 7 consecutive days.  The calibration
bon response and PS 9 applies to analyzers that drift test evaluates the stability of the monitor
speciate hydrocarbons using a gas chromatograph. response to the procedure used for daily checks of
Neither of these performance specifications require the monitoring  system (see also Daily Calibration
the use of a  specific type of detector. Checks).  The calibration drift test is conducted by

Performance specifications for hydrocarbon monitors cal filters, or electric signals to the system and
also are included in 40 CFR, Part 266, Appendix IX recording the instrument response.  The deviation of
for  sources regulated by the boilers and industrial the instrument response at the zero and upscale cali-
furnaces (BIF) rule, and in 40 CFR, Part 503 (subpart bration point must meet the applicable criteria.  For
E) for sewage sludge incinerators.  These specifica- example, the allowable calibration drift in PS 8A is
tions require a heated sampling system and heated 2.5% of the span.  Therefore, a hazardous waste
flame ionization detector (FID) analyzer. incinerator required to monitor hydrocarbons subject

Performance specifications 8A for hydrocarbons, 10A 100 ppm, and may have a maximum of ±2.5 ppm
for multi-metals, 11A for particulate matter (PM), drift at the zero and span level for each 24-hour pe-
12A for mercury (Hg), 13A for hydrochloric acid riod over the seven consecutive days during the per-
(HCl), and 14A for chlorine (Cl ) monitors are formance specification test.  The tester is allowed to2

proposed in the hazardous waste combustor rule. (FR adjust the calibration accordingly after each daily  

4/19/96)  This proposed rule covers both hazardous check during the drift test.
waste incinerators and BIF sources.  These perfor-
mance specifications will be included in Part 60 if this

calibration drift test and an accuracy test.  (For Part

ter 2, Acid Rain Program.)

introducing the zero and span gases, gas cells, opti-

to PS 8A has an allowable analyzer span value of
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Table 7-1.  Existing Performance Specifications for Selected Pollutant Monitors

PERFORMANCE SPECIFICATION TEST
DAILY

 CALIBRATIONCalibration Calibration Relative Response
REQUIREMENTSPS # 40 CFR Drift Error Accuracy Time

2* Part 60 7 day test N/A ±20% of Refer- N/A zero and span drift

SO 10% of stan- before required ad-2

NO dard justmentx

Appendix A 2.5% of span ence Method or within 2X’s PST

5 Part 60 7 day test N/A Same as PS2 N/A Same as PS2

TRS (6/7 days)
Appendix A 5% of span

7 Part 60 7 day test N/A Same as PS2 N/A Same as PS2

H S in (6/7 days)2

fuel gas

Appendix A 5% of span

8 Part 60 Same as PS2 N/A Same as PS2 N/A Same as PS2

Total
VOCs

Appendix A

9 Part 60 N/A 7 day test Performance <5 min- Triplicate mid-level

GC at three lev- testing specified must be within
CEMS els 10% of certified

VOCs Precision tial 3-point calibra-

Appendix A 3 injections Audit during CE utes or as calibration checks

and Linear- tion
ity
r  = 0.9952

CE #10%
for all levels

±10% criteria value or repeat ini-

BIF Part 266 7 day test 5% of span N/A 120 sec- zero and span drift1

THC bration 95% step
Appendix IX 3% of span for all cali- onds for <3 ppm 

Annual PST points change

SS Part 503 7 day test zero and zero within N/A 200 sec- Same as PS2**1

THC 90% step
Subpart E span within 6% 5 ppm onds for

mid- and change
span within
10 ppm

*  Included for comparison purposes
** Sewage Sludge Incinerators
1 No number assigned
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7.3.2.2 Relative Accuracy Test system, problems with the reference test methods,
Relative accuracy (RA) tests are required for almost problems with the representativeness of the sampling
all criteria pollutant CEM systems except for opacity location, or other factors.  A failed test requires care-
monitors.  A relative accuracy test is also required for ful investigation to determine the cause, after which
certain non-criteria CEM systems.  The RA may be the test must be repeated.
conducted concurrently with the 7 day calibration
drift test.  The relative accuracy test involves com- Relative accuracy is based on comparing concurrent
paring the average CEM system response with the monitoring data and reference method test results.
integrated average pollutant concentration or emis- Therefore, the response time of the CEM system
sion rate for each corresponding reference method must be taken into account to directly compare the
test run.  A minimum of nine RA comparative test monitoring with the reference method results.  Where
runs are required; however, EPA specifications allow instrumental reference test methods are used, the
the rejection of up to three test runs.  Therefore, 12 response time and sampling frequency of the refer-
runs usually are performed in practice with the best ence method must be considered also.  For relative
nine results used in the RA calculations.  The RA accuracy tests with these systems, sampling runs
specification for a CEM system subject to PS 8 is must be of sufficient duration to allow comparisons
#20% of the average reference method (RM) result or of valid averages obtained from both the CEM system
#10% of the applicable emission standard, whichever and the reference system. 
is greater.

Relative accuracy calculations are based upon the methods that provide integrated results (e.g.,
results of at least nine comparative runs.  The differ- impinger trains and most other manual methods), the
ence between the run averaged CEM system results exact start time and stop time for manual sampling
and the reference method is calculated and averaged. runs (and time associated with interruptions for port
The absolute value of the summed differences for changes or other problems) must be included.  When
each run plus a confidence coefficient (CC) is divided substantial changes in emission concentrations or
by the average of the reference method values emission rates occur over the course of the run, or
(RM ):ave

RA = [|d| + CC]/RM  *100  Equation 7-1ave

The confidence coefficient is expressed in terms of a
statistical t-value according to the following 
equation for a t-value at a = 0.025 for n-1 degrees
of freedom:

CC = t (S /n )                 Equation 7-20.975 d
1/2

Where
t  = Corresponds to the probability that a0.975

measured value will be biased 2.5% at
the 95% confidence level.

S  = The standard deviation of the differ-d

ences of the 9 data pairs.
n = Number of test runs.

As shown above, the relative accuracy result includes
both mean difference and confidence coefficient
terms based on the paired  CEM system and refer-
ence test results.  Both the accuracy and precision of
the paired measurements are evaluated.  A user must
recognize that the relative accuracy is affected by the
accuracy and precision of both the monitoring system
and the reference test method.  Failure of a relative
accuracy test may be due to problems with the CEM

Where CEM systems are compared to reference

when short duration spikes occur during runs, com-
parisons between integrated reference methods and
CEM systems are often invalid.

The relative accuracy comparison of a CEM system to
a reference method assumes that the RM gener-ates
accurate and precise data, and that the source testers
have adequate experience in correctly executing the
reference method.  Interferences affecting the test
method results can be mistaken for bias in the CEM
system measurements.  Use of an imprecise test
method increases the magnitude of the confidence
coefficient in the relative accuracy calculation.
Similarly, the imprecision due to sloppy or inexperi-
enced testers can affect the results dramatically.
These issues were initially of great concern in criteria
pollutant monitoring applications but eventually were
minimized through experience and development of
more precise instrumental test methods for use in
place of wet-chemistry methods for most applica-
tions.  For non-criteria pollutant monitoring applica-
tions, these factors are still of great concern because:
1) interferences affect some reference methods when
extended to new applications, 2) sample recovery
documentation and other QA criteria are not included
in all methods, 3) lower and potentially variable
emission concentrations are encountered, 4) the
precision of some methods is poor and for some
other methods is unknown, 5) some methods are not
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demonstrated fully where they applied before promul- accuracy test comparison using Method 25A.  This
gation of standards at the specific source category, approach avoids the relative accuracy test issues
and 6) source testers have much less experience in described above for PS 8.  However, the three-point
using these methods for performing relative accuracy calibration error test, using calibration gases, provides
tests.  In summary, an imprecise, inaccurate, or only a limited evaluation of the monitoring system.
improperly conducted reference method test will (See also Section 7.3.2.3.)
increase the probability that the CEM system will fail
the PST even if it is functioning and calibrated Proposed performance specifications 10A (multi-
properly. metals CEM systems) and 12A (mercury CEM sys-
 tems) include relative accuracy specifications
Further disagreements may result in relative accuracy (USEPA, 1996c).  Although multi-metals CEM sys-
testing due to actual technical limitations.  For tems are not commercially available at this time,
example,  PS 8 includes a relative accuracy specifica- prototypes have been developed using a variety of
tion, however, the only reference method that approaches.  Limited field tests have been con-
generates a total hydrocarbon response is EPA ducted.  Calibration standards and techniques,
Method 25A (Part 60, Appendix A), which specifies measurement sensitivity, and accuracy are critical
the use of a flame ionization detector (FID).  Method technical issues for these developing measurement
25A is the only reference method directly comparable systems.  The accuracy and precision of proposed
to a CEM system installed to satisfy PS 8.  However, Method 29 has not been demonstrated to allow for
PS 8 does not specify the use of a particular detec- relative accuracy testing of multi-metals CEM sys-
tor; it simply specifies instrumentation that generates tems over the expected range of pollutant concentra-
a total hydrocarbon response. tions (Brown 1996, Laudal 1996).  Modifications to

Presuming that the CEM system uses an FID, then
the relative accuracy test would involve comparing Mercury may exist as elemental mercury (Hg ) and as
two FID measurement systems.  Because the two other  oxidized Hg (Hg , Hg ) species in effluent
systems use the same analytical technique, interfer- streams.  Mercury CEM systems generally sense
ences within the effluent stream could go unde- elemental mercury and employ sample conditioning
tected.  Additionally, differences in the compound- elements that convert all mercury in the sample
specific response factors between two FIDs could stream to this form (Richards, 1996, Roberson,
affect the outcome of the relative accuracy test even 1996).  (See also Chapter 3.)  Proposed EPA Method
though both systems are properly calibrated using the 29 attempts to speciate the different oxidation states
same standard (Cone, 1989). of mercury.  Studies have been conducted on coal-

Also, consider the example where a photoionization 29 by spiking elemental mercury and HgCl  (Laudal,
detector (PID) is chosen for the CEM system installed 1996).  These investigators have shown that the
to comply with PS 8.  A relative accuracy comparison presence of significant quantities of SO (>1,500
with a Method 25A FID may not be appropriate ppm) and the presence of 10 ppm chlorine (Cl )
because PID and FID responses differ substantially for affects substantially  the collection of elemental
different classes and functional  groups of hydrocar- mercury and the determination of mercury species
bons.  Because neither the CEM system nor the present.  Other mercury test methods have been
reference method provides any information regarding shown to be affected significantly by the presence of
the speciation of individual compounds within the NO  in the sample stream.  Until the performance of
flue gas, one is unable to decide whether apparent the manual test methods are understood and the
agreement or disagreement between the CEM system effluent conditions that affect the results are well
and the reference method was due to differences in known, an appropriate and reliable relative accuracy
response factors or other calibration/accuracy issues. test procedure cannot be devised for mercury CEM
In this case, the outcome of the relative accuracy test systems.
is likely to be indeterminate and may generate more
controversy than answers. Proposed PS 13A and PS 14A for HCl and Cl  specify

The BIF and sewage sludge incinerator performance reference methods.  The reference method for HCl
specifications for hydrocarbon monitors, and the and Cl  is EPA Method 26A, which collects the
proposed PS 8A, specify using a heated FID and gaseous components in an impinger train and mea-
heated sampling system.  PS 8A requires a three- sures the dissociated chloride ions by ion chromatog-
point calibration error test rather than a relative raphy.  Proposed PS 13A and 14A specify that HCl

proposed Method 29 are being developed.
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and Cl  must be measured in the gas phase as relative to calibration materials.)  In certain applica-2

opposed to the measurement of the dissociated tions, as indicated below, the calibration error test is
chloride ion in solution.  A cylinder gas audit only is required in place of the relative accuracy test.
required in these performance specifications, not a However, in other regulatory applications, both a
relative accuracy test employing Reference Method calibration error test and a relative accuracy test are
26.  HCl continuous emission monitoring require- included in performance specification tests.
ments in Pennsylvania; however, require a relative
accuracy test using Method 26.  Pennsylvania As previously mentioned, BIF and sewage sludge
requirements do not mandate that HCl and Cl  be incinerator performance specifications for total2

measured in the gas phase. hydrocarbon monitors, and proposed PS 8A, do not

Even where reference methods have been developed calibration error test to determine the accuracy of the
for the pollutants of interest, the comparison of CEM monitoring system.  The test involves analysis of a
system and RM data may not assess the ability of the zero gas and two upscale calibration gases.  The
CEM systems to measure the compounds of interest calibration gases used for these tests are propane in
accurately.  Consider for example measurement of a balance gas of nitrogen.  The instrument response
formaldehyde which is a very water soluble, reactive of these measurement systems to different com-
compound and which may polymerize in sample pounds (i.e., “response factors”) is known to vary as
delivery systems.  Several reference methods exist a function of:  1) the number of the carbon atoms, 2)
for the collection and measurement of formaldehyde. the degree of carbon bond saturation (carbon double
These methods rely on sample collection in high and triple bonds) within the molecule, 3) the pres-
purity water, the Parosanaline Method (EPA TTN ence of chlorine, and 4) other instrument-specific
EMTIC BBS, 919-541-5742); in dinitro-phenyl factors.  However, the determination of these re-
hydrazine (DNPH) impregnated silica gel tubes, sponse factors is not included in the calibration error
NIOSH Method 3500, (NIOSH 1994); or in sampling test.  Furthermore, the effect of other effluent stream
trains containing DNPH (SW846-0011).  The results constituents (e.g., moisture, CO , CO, O , NO , etc.)
provided by all three of these methods are biased by on the accuracy of the monitoring data can not be
the presence of other aldehydes and ketones (Serne, determined by the calibration error test.  The calibra-
1993).  In addition, the reaction of formaldehyde tion error test in this case may therefore not ade-
with DNPH is very pH specific.  The two DNPH quately validate the monitoring system for actual flue
methods are sensitive to the presence of acid gases gas hydrocarbon measurements.
(e.g., HCl, SO , H SO , etc.) and base gases (NH ).2 2 4 3

Thus, the use of these methods at any source having PS 9 applies to CEM systems that employ a GC to
significant concentrations of these compounds in the separate organic compounds.  As with PS 8, it also
flue gas would affect adversely relative accuracy test does not specify a particular type of detector.
results for a formaldehyde CEM system. Multiple target analytes are speciated by an

In summary, relative accuracy specifications and test certified calibration standards.  A preliminary calibra-
procedures have long served as the primary evalua- tion error test of the analyzer is accomplished by
tion standard for the acceptability of criteria pollutant analyzing low-level (40-60%), mid-level (90-110%),
CEM systems.  For some non-criteria pollutants and and high-level (140-160%) calibration standards that
monitoring applications, the relative  accuracy test represent the percent of the measured concentration
continues to play an important role in demonstrating levels for all analytes.  A screening test using the
performance and certifying CEM systems.  However, appropriate instrumental test method may be required
for other applications relative accuracy tests are to identify the effluent analytes and determine their
inappropriate or must await future development of relative concentrations.
appropriate reference test procedures.

7.3.2.3 Calibration Error Tests audit test and a seven-day calibration error (CE) test
As used here, a ”calibration error test” consists of period during which the initial instrument perfor-
multi-point comparison of monitor response to a mance is evaluated.  The CE is performed daily by
series of calibration materials.  (The usage of “cali- analyzing calibration standards at each level in
bration error test” varies.  In the Part 75 Acid Rain triplicate (3 analyses X 3 levels = 9 analyses/day).
Program, this term is used to refer to calibration drift The calibration error for each analyte is determined by
tests and daily checks.  In Part 75, the term “linearity comparing the  average instrument response for each
test” is used to refer to multi-point accuracy tests level of triplicate analyses to the certified reference

include a relative accuracy test but instead require a

2 2 x

instrument-specific calibration curve generated from

The PST required by PS 9 includes a performance
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value of the calibration standards.  The calibration Some regulations include additional performance
error may not exceed ±10% for each analyte. specifications and test procedures.  For example,

The performance audit test required by PS 9 consists concentration monitors and as opacity monitors.
of analyzing an EPA audit gas during the seven-day These instruments, if subject to the proposed revi-
CE test.  This test is intended to provide a somewhat sions to Performance Specification 1, would be
independent check because the audit gas must be subject to a short-term drift test to detect diurnal
obtained from a different supplier than the gases variations in monitor performance.  This drift test
used for the CE test.  The concentration of the includes zero and upscale calibration drift checks at
analytes in the audit gas generally are not known to one-hour intervals over a period of 24 hours.  Similar
the user. short-term drift tests were included in Part 60 perfor-

7.3.2.4 Response Time Tests and Cycle Time in some state monitoring requirements (e.g., Penn
The measurement system response time is important sylvania).
for monitoring applications with short averaging or
reporting periods or where spikes in the effluent Many performance specification test requirements
concentration occur.  The sampling system response include an “operational  test period” during which the
time is determined by monitoring the instrumental CEM system must operate continuously without
response to a calibration standard while performing a unscheduled maintenance or repairs.  This is typically
system calibration.  Upscale and downscale response a one week (168-hour) test.  Such a test period may
times are determined by introducing high-range and seem insignificant for a measurement system that is
zero calibration gases respectively.  System response intended for continuous monitoring over a period of
time is defined as the time it takes the analyzer to many years.  However, early experience with criteria
reach 95% of the step-change in concentration. pollutant monitoring systems revealed that this was

Determination of the measurement system response meet.  Although much progress has been made in
time can be important even when it is not specified improving the ruggedness and reliability of conven-
in the applicable regulations.  The system response tional systems, the application of new technologies
time must be considered when conducting the or new measurement systems attempting to utilize
relative accuracy test.  For measurement systems laboratory instruments may require that more atten-
that accept calibration gases, the system response tion be devoted to achieving reliable operation.
time must be known so that calibration gases are
introduced for a sufficient period to provide a stable 7.3.3 Ongoing Performance Checks and 
measurement response. Quality Assurance

Some regulations specify the frequency for obtaining activities are required to be performed after initial
measurements.  40 CFR 60.13 specifies that all installation, calibration, and performance testing
measurement systems must complete a cycle of (certification) of a CEM system.  In general these
sampling, analysis, and data recording at least once include whatever is necessary to properly operate and
during each 15 minute period.  In contrast, BIF maintain the monitoring system, daily calibration
regulations specify that a sample must be acquired checks to determine the ongoing validity of the data
and analyzed every 15 seconds.  The average emis- and, in some cases, periodic quality assurance audits.
sion rate is computed and recorded at least every 60
seconds, with an hourly rolling average calculated
each minute.  Usually, the cycle time is immediately
apparent from the design of the CEM system and
programming of the data acquisition and handling
equipment.  In some cases, time-shared extractive
systems are used to allow a single set of analyzers to
monitor emissions from several locations.  Other
functions such as particulate filter or sampling line
blow-back or purges may also be included for certain
CEM systems.  These functions must be considered
when determining the cycle time for some systems.

7.3.2.5 Other Performance Test Criteria

transmissometers may be used as particulate mass

mance specifications prior to 1983 and are included

a difficult specification for many CEM systems to

Additional performance checks and quality assurance
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7.3.3.1 Daily Calibration Checks require that the calibration gases for extractive
Daily calibration checks are the primary basis for systems are introduced at or “as near as practical” to
evaluating the validity of data on a day-to-day basis. the probe outlet so that as much as possible of the
This is of fundamental importance for many sources sampling system is checked.  Some regulations
because 1) reporting of emissions data is based on specify that only gases meeting EPA Protocol 1
daily averages, 2) monitor availability may be ex- (USEPA, 1996a) be used for daily calibrations.  Other
pressed as a percentage of valid source operating regulations do not specify a traceability protocol or
days, and 3) monitor control limits and the corre- other standard for calibration gases.  Such
sponding requirement to initiate corrective action are approaches emphasize the use of the daily checks as
based on the daily calibration check responses.  Also, a stability test and rely on initial and periodic accu-
enforcement of regulations under the Clean Air Act is racy tests to ensure that monitoring data are accu-
based on the specific days during which a source is rate.
considered to be in violation of applicable regulations.
Thus, the daily calibration checks for CEM systems For in-situ analyzers, daily calibration checks typically
provide the critical determination of validity for each include zero checks and upscale checks using the
day that data are recorded. appropriate signals, filters, cells, or other calibration

As discussed in Chapter 2, the General Provisions of quite diverse depending on the type of instrument to
the Part 60 new source performance standards be calibrated.  The approaches used for conducting
include requirements to conduct daily zero and daily calibration checks may rest on a number of
calibration drift checks for all CEM systems.  Specifi- important assumptions or conditions which may not
cally, 60.13 states, be known or well understood by the user.  In prac-
 tice, these assumptions may become invalid because

“(d) (1)  Owners and operators of conditions change that result in daily calibration
all continuous emission monitoring procedures that do not provide results which are
systems installed in accordance representative of monitor performance.  Therefore, a
with the provisions of this part thorough understanding of the daily calibration check
shall check the zero (or low-level procedure and its limitations is important to interpret
value between 0 and 20 percent results correctly.
of  span value) and span (50 to
100 percent of span value) cali- Additionally, many of the approaches that have been
bration drifts at least once daily in used in the past for daily checks of in-situ analyzers
accordance with a written proce- do not evaluate important functional parts of the
dure.  The zero and span shall be monitoring instrumentation.  As previously described,
adjusted whenever the 24-hour temperature compensation circuitry is often disabled
zero drift or 24-hour span drift when checking in-situ monitors using cali-bration gas
exceeds two times the limits of cells within the analyzer.  In this case, errors arising
the applicable performance specifi- within the temperature compensation circuitry (which
cations in Appendix B.  The sys- can significantly bias the CEM system measurement
tem must allow the amount of results) are likely to go undetected.  A thorough
excess zero and span drift mea- understanding of the daily cali-bration check proce-
sured at 24-hour interval checks dure is needed to interpret results correctly.
to be recorded and quantified,
whenever specified. ...” An important aspect of the §60.13 (d)(1) regulation

Similar requirements are found in the general provi- and followed for performing the daily calibration
sions for Part 61 and Part 63 NESHAP requirements. checks.  (For certain sources, this procedure is
Most state regulations also contain similar provisions. included in the quality assurance plan.) This written

For monitors that accept calibration gases, the daily details regarding the calibration of the specific
calibration checks usually are performed by conduct- monitor.  For extractive systems, it should indicate
ing system calibrations using zero and mid- or high- where the gases are introduced, how the values of
range calibration gases.  Using an upscale calibration check gases are established, provisions to ensure
value that approximates either the pollutant con- that the gases are injected at the proper flow rate and
centrations or the level corresponding to the emission pressure, etc.  For in-situ monitors, the procedure
standard is preferred.  Most, but not all, regulations should specify exactly what is done and it should

jig assemblies.  The approaches that are used are

is that it requires a written procedure to be developed

procedure should take into account the important
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contain the important assumptions or other condi- nations are used within Procedure 1 to determine if
tions that must be maintained for operation of the the CEM system is in control.  Procedure 1 specifies
instrument.  Alternatively, the procedure should that a monitor system is out-of-control if the zero or
prescribe the appropriate actions to take when high-level response exceeds either 1) twice the
unacceptable performance is observed. Appendix B calibration drift performance specification

Most importantly, the written procedure provides a Appendix B calibration drift performance specification
standard operating practice to be followed during the limit on any one day.
initial performance test and each day that emissions
data are recorded.  In this way, initial and periodic Appendix F, Procedure 1 requires that sources
accuracy tests serve to verify the adequacy of the conduct accuracy audits once each calendar quarter.
calibration procedure.  Implementing the daily calibra- For systems that can use calibration gases, the
tion procedure verifies the data each day until the accuracy audits may include cylinder gas audits
next accuracy test is performed.  The daily calibration conducted during three of four calendar quarters and
check procedure must conform with applicable a relative accuracy test conducted during the other
regulatory requirements and must also accommodate quarter.  Alternatively, relative accuracy audits may
the technical and practical constraints of the sam- be performed instead of cylinder gas audits for three
pling and analysis system as described previously in quarters.  A relative accuracy audit is simply a three-
Section 7.2. run relative accuracy test evaluating only the mean

For both extractive and in-situ CEM systems, daily The relative accuracy test required by Appendix F,
calibration checks are performed and adjustments to Procedure 1 is identical to the test required during the
the CEM system are required if  the indicated drift initial performance specification (i.e., “certification
exceeds specified control limits.  When such adjust- test”).
ments are made, or when other corrective action is
undertaken, a daily calibration check must be per- One can see from the above, which is confirmed by
formed after these activities are completed to demon- experience, that the selection of a CEM system is
strate that the monitor has been returned to service constrained by the applicable QA requirements.  The
properly.  Records of adjustments, corrective actions, cost and inconvenience of conducting three cylinder
and the results of daily drift tests are required by gas audits per year is much less than the cost and
virtually all regulatory monitoring requirements. inconvenience of conducting three relative accuracy

7.3.3.2 Quality Assurance/Quality Control CEM systems incapable of analyzing calibration gases
40 CFR 60, Appendix F, Procedure 1 contains QA were excluded from compliance monitoring applica-
procedures for CEM systems used to demonstrate tions based on this requirement.
compliance with emission standards.  Although non-
criteria pollutant monitoring is not specified as the 7.3.4 CEM System Approval Mechanisms
compliance demonstration method in Part 60 regula- in Germany
tions, many permits and state regulations applicable Other approval mechanisms have been used interna-
to such monitors adopt Appendix F, Procedure 1 or tionally that may serve as models or may contain
very similar provisions.  The quality assurance elements that are useful for certification of non-
procedures for CEM systems in the acid rain program criteria CEM systems.  For example, Germany has
are contained in Part 75, Appendix B and are similar implemented a rigorous and comprehensive approval
in principal to the Part 60 requirements.  Part 75 process for many years for CEM systems installed for
requirements require that all monitors be able to regulatory purposes.  Frequently when monitoring
analyze calibration gases. equipment used in Europe is first offered for sale in

Appendix F, Procedure 1 requires that sources the measurement system is “TÜV certified.”  Various
develop and implement a QC program with written control agencies have indicated interest in these
procedures that describe in detail the complete, step- certification procedures and they may be useful in the
by-step procedures for calibration of CEM systems, evaluation of non-criteria pollutant monitors in the
calibration drift determination and adjustment proce- absence of EPA approval procedures.  The German
dures, preventative maintenance, data recording approach to monitor approval and TÜV certification
calculations and reporting, accuracy audit procedures, often are misunderstood and sometimes misrepre-
and corrective action  procedures for malfunctioning sented in the United States.  For these reasons,
CEM systems.  The results of the daily drift determi-

limit for five consecutive days, or 2) four times the

difference between the CEM system and the RM.

audits per year.  The  majority of criteria pollutant

the United States, potential suppliers will claim that
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information regarding CEM system QA requirements tion demands that two randomly selected instruments
in Germany are described below. provide readings with a mean difference of less than

Monitoring equipment must first successfully com- specification also ensures that instruments of the
plete certification testing by the TÜV  before it can same model number are interchangeable.  Zero and
be sold for use in regulatory programs.  This is a calibration drift are limited to ±2% over the mainte-
rigorous technical evaluation of each equipment nance interval.  The instrument must provide an
model to ensure that it is suitable for particular alarm indicating the need for immediate maintenance
applications.  In addition, testing and evaluation is when zero or calibration drift limits are reached.  The
performed for each monitor at the time that it is time needed to reach these limits defines the mainte-
installed and this testing is repeated every three to nance interval.  The maintenance interval is recom-
five years depending on the type and size of the mended by the manufacturer but is determined by the
facility.  This initial calibration program for monitors TÜV as part of the suitability tests. The maintenance
in Germany is similar to performance specification interval should be at least one week;  however, four
tests for monitors in the United States.  Additional weeks is preferable.  Determination of the mainte-
tests are performed by an independent authority on nance interval based on suitability tests and drift
an annual basis to verify performance of the monitor- limits (relative to the maintenance interval) provides
ing equipment.  Finally, maintenance procedures are incentives for manufacturers to build stable instru-
performed by the facility’s personnel on an ongoing ments.
basis in accordance with the manufacturer’s instruc-
tions and results from the suitability test. Tests to determine the effects of line voltage varia-

7.3.4.1 Initial TÜV Certification (Suitability) Tests factors that may influence monitor performance are
Each instrument model must first pass a Technischer also performed as  part of  the TÜV certification.  The
Überwachungs-Verein (TÜV) certification before it TÜV  may investigate  other areas or issues that are
may be offered for sale in regulatory monitoring considered to be relevant to the performance of a
applications.  The TÜV certification is a rigorous particular measurement system.   Field suitability
evaluation requiring at least three to six months to tests are performed for each type of application (e.g.,
complete and  includes both  laboratory evaluations gas-, oil-, coal-, refuse-fired boilers) but in some
and field suitability testing.  The fee for a TÜV cases, success at more difficult monitoring applica-
certification test is substantial (typically $50,000 to tions is taken as a sufficient demonstration for less
$100,000) and is paid for by the monitor manu- demanding applications.
facturer.  Repeating portions or all of the certification
test increases the cost to the manufacturer.  Basic 7.3.4.2 Initial and Periodic Monitor Calibration
TÜV monitor performance specifications are listed in Tests
the Table 7-2.  The reproducibility specifica- These tests are in many ways similar to CEM system

3.3% over a three-month period.  The reproducibility

tions, ambient temperature variations, and other

performance  specification  tests  performed  in  the

Table 7-2.  Principal Performance Specifications for TÜV Suitability Tests of Emission Monitoring     
                Instruments

System Parameter Criteria

Analytical Function (ma vs. concentration) By Reference Method (regression analysis)

Detection Limit 2% of most sensitive range

Reproducibility R = measurement range $ 30 mean difference

Zero and Calibration Drift ± 2% in maintenance interval

Availability 90% in three months minimum; 95% is the goal

Interference from other species ± 4% of full scale

Maintenance interval Determined by test program (limited to three months
maximum)
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United States.  However, a number of important quantities also are employed in the interpretation of the
differences exist in both the philosophy, nomen- monitoring data. 
clature, and procedures used for these tests.  The term  
“calibration” as used in VDI 3950, Part 1, “Calibration The field calibration test is performed by an independ-
of Automatic Emission Measuring Instru-ments” refers ent expert agency (the TÜV) authorized by the German
to the entire process of establishing and verifying the government to perform these evaluations.  However,
correct performance of a monitoring system (VDI the TÜV office that performs the calibration test at a
3950).  This includes:  1) procedures for the selection particular industrial facility is not necessarily the TÜV
and preparation of measurement sites, 2) procedures office that performed the initial certification.  Again,
to check for proper installation of equipment, 3) leak the field calibration procedure is performed initially and
checks of extractive  monitoring systems, 4) a five- then is repeated every three to five years depending on
point verification of the instrument characteristic the type and size of the facility.
(similar to calibration error in the United States using
zero and upscale calibration gases), 5) monitor-specific 7.3.4.3 Annual Calibration Tests and Maintenance
procedures for evaluating measurement interferences, Section 8, “Periodical Functional Test” of VDI 3950,
6) zero and reference  (upscale calibration) drift stabil- Part 1 describes the annual evaluation requirements.
ity tests, 7) response time tests, 8) procedures for These include:  1) checks of the operational status
measuring and processing data, 9) procedures for (leak checks, optical contamination, etc.), 2) records
checking the representativeness of sampling points, review of zero and reference point checks, 3) zero and
10) procedures for determining the analytical function reference drift tests, 4) checks for interferences, 5)
for the complete measuring system relative to inde- multi-point verification of the instrument characteristic
pendent flue gas measurements (reference methods), (calibration error test) using zero and upscale calibra-
and 11) procedures for analysis and reporting of the tion gases or other calibration materials, 6) certain
calibration results. monitor functional tests, 7) a minimum 4-run compari-

In the United States, many of the calibration issues inspection of the data transmission to the chart
that are specifically addressed by VDI 3950, Part 1 are recorder, integration device, or data logging system.
either lumped together and evaluated as a group during These are more extensive evaluation procedures than
the relative accuracy test or are simply ignored.  For are required for monitors subject to EPA regulations.
example, the German procedures evaluate separately: These procedures also are performed by an independ-
1) the representativeness of the sampling points, 2) ent licensed agency (TÜV) rather than by source
the influence of interferences, and 3) the system personnel.  Maintenance is performed by the industrial
performance relative to independent emission measure- facility’s trained personnel.  Minimum procedures are
ments through a series of tests.  In the United States, specified for in-situ devices  and for extractive sys-
we rely on a single relative accuracy test to determine tems.
the acceptability of all of these factors taken together.
The German “calibration” procedure also relates test 7.3.5 International Standards Organization
procedures and results back to the initial TÜV certifica- International Standards Organization (ISO) has devel-
tion test.  For example, the calibration interference test oped standards for certain monitoring applications.
procedures specifically address the measurement ISO Standard 7935 is for SO  CEM systems and the
interferences identified during the initial certification standard for NO  CEM systems is currently in draft
because this is obviously dependent on the specific form (ISO, 1991).  A discussion of these standards for
monitor design and analytical principal.  Also, the zero criteria pollutant monitoring and a comparison with
and reference point drift determinations are determined United States regulations is presented by Jahnke
relative to the maintenance interval established during (Jahnke, 1993).  Other ISO standards for emissions
the initial certification test rather than an arbitrary time test methods are under development.
interval.

The German comparison with independent reference standard 10155 "Stationary Source Emissions, Auto-
methods relies on a minimum of fifteen paired mea- mated Monitoring of Mass Concentration of Particles -
surements (CEM and reference method) conducted at Performance Characteristics, Test Procedures, and
different emission levels to facilitate a regression Specification".  The standard, prepared over the last
analysis that is used to determine subsequent emission 10 years, was published in its final form on April 1,
levels.  Linear or quadratic regression analysis may be 1995 (ISO, 1995).  It does not prescribe a particular
used and calculations of the confidence coefficient and method or analytical technique but instead reflects a
tolerance intervals are included.  These statistical general approach and provides performance specifica-

son with independent reference methods, and 8)

2

x

The ISO committee TC146/SC1/WG1 has prepared ISO
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tions to evaluate any specific method that is offered. methods where available.  The CEN committee has
Fundamental to the ISO standard  is the requirement to adopted the ISO 10155 continuous particulate moni-
perform a site-specific calibration or correlation to ISO toring standard and applied it as a requirement for
manual method 9096 (which is similar to EPA hazardous waste incinerators.  
isokinetic particulate sampling methods) (ISO, 1991).
As should be expected, ISO 10155 specifies that the The calibration line specifications are illustrated in
calibration procedure must be repeated when changes Figure 7-6.
in emission controls, fuel type, or other factors occur
that may be expected to influence the calibration.
Although this is a general requirement, it reflects the
fact that the need for recalibration is best based on
practical judgment. 

ISO 10155 prescribes several performance speci-
fications including the following:

• Response time of less than 1/10 of the manual
sampling time

• Zero and span drift less than ±2% of working
range per month

• Accumulated automatic zero and span adjust-
ments less than 6% of working range

• Calibration (correlation) line specification
1. Correlation coefficient $0.95
2. 95% confidence interval shall be #10% of

emission standard
3. Tolerance interval;  95% confidence that

all possible values are within ±25%  of
emission standard

The ISO 10155 standard requires that sample runs be
performed at three different emission levels to establish
the calibration.  A minimum  of 9 sampling runs must
be performed but 12 or more runs typically are ex-
pected.  The ISO standard prescribes that the process
operating conditions should be varied if possible to
create the different emission levels.  Where this is not
possible, variation of the control equipment operating
parameters to create a range of emission levels is
accepted. 

The Central European Normalization Committee (CEN
committee TC264/WG5) is developing requirements
applicable to continuous particulate monitoring  (Peeler,
1996, b).  Unlike ISO, which is a voluntary organiza-
tion of participating countries, CEN mandates require-
ments for the 14 countries comprising the  European
Community.  The CEN committee will establish: 1)
emission standards and limits, 2) manual test methods,
and 3) automated monitoring methods.  Each partici-
pating country must adhere to the CEN requirements or
adopt more restrictive/more rigorous requirements. 
CEN typically adopts  ISO standards/

Figure 7-6.  Continuous particulate monitoring calibra-
tion line specifications.

7.4 Suggested Approval Mechanisms and
Approaches for Non-criteria Pollutant
and Application Testing 

The requirements and procedures discussed in Sec-
tions 7.3.1-7.3.3 for conducting initial performance
specification tests and audits are consistent with
existing regulatory programs and can be used for many
non-criteria pollutant  monitoring applications.  How-
ever, some of these procedures do not address
problems fully that may be encountered in evaluating
non-criteria CEM systems.  New evaluation procedures
likely will be needed as technology continues to evolve
and as monitoring applications for additional specific
non-criteria pollutants expand through regulations,
permit requirements, or market based trading pro-
grams.  Several alternative approval mechanisms that
may be applicable in these situations are described in
this section.

7.4.1 EPA Method 301
Method 301 of Part 63 (USEPA, 1996a) is an approval
process designed for industrial sources to use in the
development of alternate test methods in the absence
of other validated methods, or in cases where an
alternate method is desirable.  Method 301 initially
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was developed to allow a specific source to demon- procedures than are associated with a CEM system.
strate the validity of a hazardous air pollutant test Also, an instrumental test method usually requires the
method for that source to qualify for an "early reduc- full time attendance of an operator as compared to a
tion" option.  Method 301 was intended to encourage CEM system, which is designed to function automati-
development of methods where methods did not cally with very little human intervention.  Because of
already exist.  The practical application of Method 301 these differences, many modifications to Method 301
has been expanded  greatly beyond its original pur- are necessary to apply it to the evaluation of CEM
pose; it now serves as a model for evaluating many systems.
measurement methods for both criteria and non-criteria
air pollutants. 7.4.2 Dynamic Analyte Spiking

Method 301 incorporates procedures to determine if introduction of a calibration gas of known concentra-
the precision and bias of a candidate method are tion containing one or more analytes, to an effluent
acceptable based on comparisons with a validated sample stream.  The spike gas represents only a small
method, use of isotopic spiking, or analyte spiking. fraction of the combined stream.  Therefore, the spiked
Method 301 is directed primarily at traditional source sample stream contains essentially the same constitu-
testing approaches  that include discrete sampling and ents at the same concentrations as the unspiked
analysis phases.  The implementation of the procedure samples.  A comparison of spiked and unspiked
requires the use of quad-trains or paired sampling samples provides an evaluation of both the effective-
trains to evaluate precision and bias.  Alternative ness of the sampling system and the performance of
procedures have been developed and accepted by the an analytical system.
EPA to allow the application of Method 301 to direct
interface methods (methods where the effluent is Because of the similarity of the spiked and unspiked
directly injected into the analyzer) such as instrumental samples, “matrix effects” (interference effects due to
methods using FTIR and GCMS analytical techniques the presence of other sample constituents such as
(USEPA, 1994).  These alternative Method 301 moisture, oxygen, carbon dioxide, etc.) can be as-
procedures include collecting a series of spiked and sessed by this procedure.  The analyte spiking ap-
unspiked effluent data for calculation of the precision proach is particularly useful in the evaluation of non-
and bias of a method.  These analyte spiking proce- criteria pollutants that are reactive, condensable, water
dures have been used to demonstrate the acceptability soluble, or that have the tendency to polymerize in the
of various test methods used by industry in MACT sampling system.  These types of compounds repre-
standard development programs (Kinner, 1996, sent the most difficult measurement challenges and
LaCoss, 1995). can invalidate traditional approaches for assessing

Note:  Method 301 is only a source specific test
method determination.  Method 301, Section 12 Selection of the spike analytes depends upon two
includes a general discussion regarding “conditional items: the number of target analytes, and the ability to
approval” of a method which might allow the transfer obtain these compounds in gaseous form. For multi-
of results to additional sources.  Conditional approval component CEM systems, analyte spiking with all of
waiver requirements include:  method documentation, the target analytes may not be economically feasible.
ruggedness tests, sample stability, and practical limits In this case, some surrogates that represent the
of  quantification.    EPA  has  granted  test  method analytes must be chosen.  Selection of surrogates
approval to groups of sources in several circum- depends on their ability to represent more than one of
stances.  A voluntary administrative procedure docu- the target analytes based on similar physical proper-
menting the applicant’s and EPA responsibilities for ties.
instrumental field test methods has been proposed by
an instrument vendor, and is being evaluated for a Dynamic analyte spiking is a more rigorous evaluation
direct interface gas chromatograph mass spectrometer procedure than the traditional system calibration.
method (Peeler, 1996). Simply introducing dry calibration standards in a

As noted above, Method 301 can be adapted to tion/desorption in the sampling system and to check
evaluate direct interface or other instrumental test the analyzer calibration.  However, even the straight-
methods.  Such methods are similar to CEM systems forward absorption of analytes by condensate formed
in that successive samples are acquired and analyzed. from sample moisture cannot be detected in the
However, instrumental test methods generally involve system calibration because dry calibration gases are
a much more detailed protocol and many more specific used.  Similarly, the system calibration cannot detect

Dynamic analyte spiking involves the quantitative

monitor performance.

system calibration is useful to check for leaks, adsorp-
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analytical interferences due to analyte interaction with Calibrated mass flow meters or controllers are neces-
other components present in the effluent samples sary to deliver the spike at a precise, measured flow
because the calibration gas does not usually contain rate.  A calibrated rotometer for measurement of total
these components. flow  is  also  necessary.   The  rotometer  should  be

By performing dynamic analyte spiking, the effective- provides an accurate measurement of total sample
ness of the sample delivery system and the analytical flow.  Experimental errors associated with calculating
components are assessed more thoroughly for the the dilution factor of the analyte spike arise from the
compounds of interest in the presence of actual source inaccuracy of the spike and total sample flow measure-
matrix interferences and moisture.  This procedure ment devices (see Appendix G, Equation G-2).  In
should be performed in conjunction with both direct addition, calibration of the total flow measurement
and system calibrations.  Together these procedures device with wet stack gas can be difficult or impracti-
provide a check of the CEM system both on a dry cal.  In addition, the effects of errors associated with
basis and under actual sampling  conditions. the analyte spike calibration standard values are also

7.4.2.1 Analyte Spike Procedure
Any CEM system that has the capability to accept As an alternative to the above, the measurement of the
calibration gases at a point upstream of the particulate spike dilution factor may be determined directly
filter is a candidate for analyte spiking.  The spike gas through measurements of a tracer compound con-
is delivered into the sampling system, typically in a tained in the analyte spike gas.  A tracer must be
ratio of 1 part spike to 9 parts sample gas, resulting in chemically inert and not present in the source effluent.
a ten-fold dilution of the spike gas.  The spike should Sulfur hexafluoride (SF ) has been used successfully as
not exceed this 1:10 ratio to avoid excessive dilution a tracer in extractive FTIR test methods, and is in-
of the analytes of interest or substantially changing the cluded in draft Methods 318 and 320.  (Method 318
sample matrix.  Figure 7-7 is a generalized schematic may be proposed as an FTIR test method for inclusion
of the analyte spiking technique. in 40 CFR Part 63.)  The amount of spike gas intro-
 duced during a spiking experiment can be determined
The spike gas should be preheated to prevent localized from the concentrations of the analyte  and tracer
condensation at the point of injection.  The spike must components of the calibration standard.  (See Appen-
be delivered to the sampling system at a point up- dix G).  Errors associated with use of the tracer
stream  of  the  particulate  matter filter  to  detect technique are associated with the analyzer’s ability to
possible gas reactions with the accumulated particulate measure the tracer gas concentration accurately and
material on the filter. errors associated with the analyte and tracer concen-

installed in the sample delivery system at a point that

magnified.

6

trations in the spike gas standard. 

Figure 7-7.  Analyte spiking.



124

Acceptable measurement system performance should from Cement Kilns by FTIR and GFCIR,” Available
be based upon the intended use of the data.  How- from the Portland Cement Association, Skokie, IL.
ever, analyte spike recovery values of ±30% of the
expected value are typical.  These limits are consis- Kinner, L.L., Geyer, T.J., Plummer, G.M., Dunder,
tent with the Method 301 bias limits and have been T.A. 1994.  “Application of FTIR as a Continuous
applied in determining the acceptability of direct Emission Monitoring System,”  Proceedings Air &
interface instrumental test methods (Powell,  1996). Waste Management Association Specialty Conference
Analyte spike recoveries and their calculations are on International Incineration, Houston, TX, pp. 178-
discussed in further detail in Appendix G. 196.
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