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Foreword

This Technical Guidance Note (TGN) is one of a series providing guidance to our staff,
monitoring organisations, industry and other parties interested in monitoring stack emissions
to air. It is also a technical reference for our Monitoring Certification Scheme (MCERTS) and
Operator Monitoring Assessment (OMA) scheme.

It describes our overall approach to stack-emission monitoring and provides guidance on
methods used for regulatory purposes. It focuses on areas where practical guidance if\
necessary. This includes:

the legislative framework (l/

the role of MCERTS é
different approaches to stack-emission monitoring

sampling strategy @\Q
<

*

the hierarchy of different methods
an index of monitoring techniques and methods 0

The index of monitoring techniques and methods will be particul ful for operators with
installations falling under our Environmental Permitting RegulatQns¥eEPR). Under EPR:

e applications for permits have to include proposals for mc%(oring emissions
e permits include conditions setting out suitable @vission-monitoring requirements,
specifying the measurement methodology and fre@ cy, and evaluation procedure

To support the implementation of monitoring$ ods, the European Integrated Pollution
Prevention and Control Bureau in Seville published a reference document! on the
principles of monitoring. This recognises{tiat, wherever possible, emissions should be
monitored using standards produced b ognised standards-making organisations and
sets out a hierarchy of standards, Ihg organisations. This TGN builds on the general
principles in the reference documgri™It specifies the index of monitoring techniques and
methods, providing the user wifiSthe standards and methods to meet our monitoring
requirements under EPR. %

Measuring stack emisshﬁ@n involve exposure to many safety hazards. TGN M12 draws
attention to relevant kealti® and safety legislation.

How to use this@

This TGN isfdivided into two parts: general guidance on monitoring and an index of
monitorin niques and methods. The latter has been structured to help the user to find a
solution monitoring problem or query. The most likely situation is that the user will be

ver @ific about the substance, less confident about the general approach to use, and
Ies;/&nfident still about which particular technique, method or equipment to employ.
.ﬁordingly, the index of monitoring techniques and methods is initially classified by
\Q: stance. For each substance, the index is grouped according to the monitoring approach -
& ontinuous Emissions Monitoring systems (CEMs) and periodic measurements. Then, for
each approach a list of methods is given. Where a periodic method is required, use the
section describing the hierarchy of methods to select the appropriate one.
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M2: Monitoring of stack emissions to air

1. The regulatory framework
1.1 Legislative framework relevant to stack emission monitoring
1.1.1 Why carry out stack-emission monitoring?

The main reasons for carrying out stack emission monitoring are:

e compliance with environmental legislation '\% ‘
¢ collecting data for emissions-inventory compilation Q

e calibration of continuous emission monitoring systems (CEMS) (l/

e collecting data for environmental impact assessments K

e collecting data to assess process efficiency and process control @

[ ]

assessing the performance of a pollution-control device (abatement systw

The current legislative framework affecting the monitoring of stack em@ s is outlined
below.

1.1.2 European directives QQ

The European Union (EU) has drawn up directives stag@e objectives that must be
achieved to control pollution. The requirements of these directives must be adhered to by
member states of the EU. Q

The Air Framework Directive 84/360/EEC® set 09 plans for a number of daughter
directives, which seek to control emissions fro$ Ide range of processes in a number of
industrial categories. @

Of particular significance to stack emissi
(IED). It replaces a number of direct]
Control Directive (IPPCD)?®, the Was
Combustion Plant Directive’ (LC
Normalisation (CEN) standar

nitoring is the Industrial Emissions Directive
cluding the Integrated Pollution Prevention and
cineration Directive® (WID) and the Large

he IED specifies the use of Comité Européen de

or monitoring and calibration.

The IED has been tr$ ed into law in England, via the Environmental Permitting
Regulations. It apph all new installations. Existing installations have implementation
dates depending o type of industrial activity and whether they are subject to the current
IPPC Directive. @

1.1.3 Envi@tal Permitting Regulations

The E mental Permitting (England and Wales) Regulations (EPR) came into force in
Apri . EPR replaced the Pollution Prevention Control (PPC) and Waste Management
icefrsing (WML) regimes. All PPC Permits and WML automatically became environmental
'éﬁit& EPR was revised in 20108 to extend it to cover water discharges and groundwater
ctivities, radioactive substances, mining installations and waste and has been amended
again in 2013 to implement the IED.

1.2 The importance of this guidance in the MCERTS context
This TGN covers the correct choice of monitoring approach, technique, method and

equipment. TGN M1 covers sampling and safety requirements. Encompassing all of this is
our Monitoring Certification Scheme: MCERTS (see Box 1.1), which provides performance

M2, Version 12, August 2017 Page 1 of 85



M2: Monitoring of stack emissions to air

standards to improve the quality of regulatory monitoring. TGNs M1 and M2 are key
reference documents underpinning MCERTS for stack emission monitoring.

Box 1.1 MCERTS

MCERTS is our Monitoring Certification Scheme for instruments, monitoring and
analytical services. The scheme is built on proven international standards and provides
industry with a framework for choosing monitoring systems and services that meet our
performance specifications. MCERTS reflects the growing requirements for regulatory % ¢
monitoring to meet European and international standards. It brings together relevant '\
standards into a scheme that can be easily accessed by manufacturers, operators, Q
regulators and test houses. Further information on MCERTS is available at K(L
%,

www.mcerts.net.
The general requirements for the competence of testing laboratories are desgtibed in
International Standard EN ISO/IEC 17025°. This contains the general re ents
laboratories have to meet if they wish to demonstrate that they operate &guality system, are
technically competent, and are able to generate technically valid ﬁ%@EN ISO/IEC 17025
e

recognises that it may be necessary to supplement EN ISO/IEC for some testing
activities, for example, specific types of monitoring, such as s@;}O ission monitoring. As
such, CEN has published CEN TS 15675%°. Measurement ohit jonary source emissions -
Application of EN ISO/IEC 17025 to periodic measurements.

MCERTS for stack emission monitoring requires orga@tions to meet the requirements of
both EN ISO/IEC 17025 and CEN TS 15675. Som?ections of CEN TS 15675 require the
competent authority to make decisions on how t'to implement the standard in their
member state. For example, two different ap hes are given for demonstrating personnel
are competent; one is to use a personnel etency scheme the other is to use a
combination of academic qualifications @ssessment of work carried out. Under MCERTS
the approach is to use a personnelﬁ@tency scheme.

The main areas defined in the M TS performance standard?!! are as follows:

use of MCERTS certifi rsonnel
use of Agency Meth plementation Documents (MIDs)

o detailed require for a
- risk asse
- site-spegei rotocol (measurement plan)

- repo of results

e use o@éwative methods based on instrumental techniques

TGV@S a key reference document for MCERTS for manual stack emissions monitoring in
Sé|e g appropriate methods following, where possible, international standards.

>

N
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M2: Monitoring of stack emissions to air

2. The different approaches to monitoring stack emissions

2.1 Types of approach

Stack emissions monitoring approaches can be classified into two types:

a)

b)

Periodic measurements — a measurement campaign is carried out at
periodic intervals, such as once every three months. The sample is usually,
but not always, withdrawn from the stack and analysed away from the sit
(extractive sampling). An instrumental/automatic technique may be uﬁ\
where an on-line analyser carries out the sampling and analysis. Altern

a manual technique may be used where a sample is extracted on site hd
analysed later in a laboratory. Samples may be obtained over @%@ds of
several hours, or may be so-called spot samples or grab sam llected
over a period of seconds to a few minutes.

— automatic
gaps in the data

Continuous emissions monitoring systems (C
measurements carried out continuously, with few - if
produced. Measurement may be carried out in the in situ) or extractive
sampling may be used with an instrument perman located at or near the
stack. CEMs are also referred to as autom t@neasuring systems (AMS),
particularly in a European context.

2.2 Advantages and disadvantages of CEMs and p@c monitoring approaches

The main characteristics of the two approaches a mmarised in Box 2.1. One approach is
not inherently superior to the other; both their own strengths and weaknesses
depending upon the application. In gener;@is recognised that CEMs provide increased

confidence for both regulatory purposes

rocess control.
&
&,
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M2: Monitoring of stack emissions to air

Table 2.1 Important characteristics of CEMs and periodic monitoring

Characteristic

CEMs

Periodic monitoring

Sampling
period.

Monitoring covers all or most
of the period that substances
are emitted.

Snapshots of the long-term
emissions profile.

Speed of results
generation.

Almost always real-time output
of results.

Real-time results if instrumental
analysers used; delayed results
if manual method with laboratory

Averaging of
results.

Results continuously
averaged, typically over one
hour or 24 hours.

end-method used.
%)

Result over period of test,
typically 30 minutes to s
hours.

@
~7

Calibration and

CEMs require calibration

Standard referen géthods can
be used for p&’monitoring;

traceability. against a standard reference
method (SRM) and with also instru alibrated with
certified reference materials. certifie %ence gases can be
used.
Capital cost. Tends to be higher than the Té\to be lower than the cost
of ©cMs.

cost of periodic monitoring

N\

Operating cost.

Tends to be lower than

equipment.
{0

periodic approach, as
usually labour intersi
Requires routin§$' tenance

and calibration

Tends to be higher than CEMs
approach because labour
intensive. Trained team on site
for whole duration of monitoring
campaign.

Certification of
equipment.

MCERTS flcatlon of

equucg vallable

MCERTS certification of
transportable stack-monitoring
equipment available.

r'3

Accreditation of
monitoring.

ol

y assurance of the
bration and maintenance of
» CEMs is covered in EN
14181%.

UKAS accreditation to ISO
17025 for the MCERTS
performance standard for
organisations carrying out
periodic monitoring.
Accreditation to the MCERTS
standard includes the
requirement for individuals
carrying out monitoring to be
certified under MCERTS as
competent.

UKAS accreditation to ISO
17025 for the MCERTS
performance standard for
laboratories testing samples
from stack emissions
monitoring*3

M2, Version 12, August 2017
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M2: Monitoring of stack emissions to air

3. The main elements of successful monitoring
3.1 The importance of representative sampling

Whichever monitoring technique, method or equipment is chosen, the fundamental principle
of sampling must be adhered to. This principle is that a small amount of collected material
should be a representative sample of the overall character of the material. The number and
locations of samples that need to be taken to make up a representative sample depends on

how homogeneous the bulk material (the stack gas) is. If the stack gas is ver)’\

homogeneous, only a few samples may be required. If it is nhot homogeneous, many
samples will be required. Our requirements for representative sampling are covered i

M1. Since sampling uncertainty is frequently much greater than analytical uncertainty, {is
crucial that this guidance on sampling is followed. Q{

3.2 The importance of isokinetic sampling for particulates \Q

Due to the wide range of particle sizes normally present in process emi n streams, it is
necessary to sample isokinetically to ensure that a representative s of the particulate
emission is obtained.

If the sampling velocity is less than the isokinetic ratio (usual pressed as a percentage),
the actual volume sampled will be less than it should be. THbg,“at first sight, it would appear
that the emission will be underestimated (see Box 3.1). Hawever, because the sampling rate
is too low, there is a divergence in flow around the sa % inlet. Small particles are able to
follow the flow and a percentage of them will not be sarnpled. Larger particles, on the other
hand, are not able to follow the flow because eir greater inertia and more of these
particles will enter the sampler. Thus a sub-is tic sampling ratio will lead to a bias in the
sampled particle-size distribution toward larger particles. This could lead to an
overestimate of the particulate concentra@s epending on the original size distribution.

Sampling at a rate in excess of the*'%\p" etic ratio will lead to a bias in the sampled particle-
al

size distribution towards the sm rticles. This could lead to an underestimate of the
emission rate, depending on the inal size distribution.

>
N
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M2: Monitoring of stack emissions to air

Box 3.1 Determining the isokinetic ratio

To perform isokinetic sampling, it is necessary to calculate the required sampling flow rate
to ensure that the velocity of the gas entering the nozzle is the same as the velocity of the
stack gas at the sampling plane. This takes into account the velocity of the gas in the
stack at the sampling point and the effective diameter of the sampling nozzle.

Sampling flow rate = area of nozzle x velocity of gas entering nozzle
*
By comparing the velocity of the gas at the nozzle with the velocity of the stack gas at the \%
sampling plane, the isokinetic ratio is determined. Q')
Isokinetic ratio (%) = velocity at the nozzle x 100 (]/

velocity of stack gas é

It is also possible to check for isokinetic sampling compliance by comparing t uired
sampling flow rate to the actual sampling flow rate performed during the moiitéring.

Isokinetic ratio (%) = actual sampling flow rate x 100 C)
required sampling flow rate @

BS EN 13284-1:2001 for the determination of low range mas?ncentration of dust
states that if the mean actual isokinetic ratio during the sarrN] at the sampling plane
differs by more than -5 to +15% the measurement is noWid.

o

With the exception of in-situ CEMs, the collected ple is usually conditioned in some way

before it is analysed. This conditioning may at the probe, during transport to the
analysis stage, or just prior to analysis. S@, examples of sample conditioning during
extractive monitoring of gases are: &

depositing further downstrea or carrying over to the analysis stage;

o the use of a heated sample | 0 prevent condensation during transport from the probe
to the analysis stage;

e the use of a system t @nove moisture from the sample using, for example, a cooling
system or permeati rier; the use of a dynamic system to dilute the sample by a
known factor to b¥low its dew point.

e the use of a particulate fiIten@%e sampling probe to prevent particulate matter

It is important t y conditioning undertaken to make the gas compatible with the analysis
method sho alter the substance being monitored.

3.4 Regggg‘ of results

3.4.Geporti ng requirements

*
%ports of results for regulatory purposes must meet the conditions placed in the permit. For
& periodic monitoring, reports should meet the requirements outlined in the MCERTS
performance standard for organisations carrying out manual stack-emission monitoring.
3.4.2 Calculating concentration and mass emissions

Permits require results to be reported as concentrations or mass emission rates (see Box
3.2).

M2, Version 12, August 2017 Page 6 of 85



M2: Monitoring of stack emissions to air

Box 3.2 Calculation of concentrations and mass emissions

To calculate a concentration, the mass of the substance collected during sampling is divided
by the volume of stack gas sampled.

Concentration = mass of substance
sample volume

To convert a concentration to a mass emission, it is necessary to know the volume flow, {é\'
of gas discharged from the stack. 6

stac

Stack gas volume flow rate (m? s) = velocity of stack gas (m s™) x cross-section@rea of

Mass emission rate (mg s™) = concentration measured (mg m) x stack @Iume flow
9T

Note 1: volume flow rate and concentration must be at the same referen@n ions (see section 3.44).

Mass emissions (mg) = Mass emission rate (mg s™) * time peri

Note 2: measurement uncertainties are not subtracted from mass emis?bn results.

Normally, when continuous monitoring is used the h@%urly or hourly mass emission is

calculated from the half-hourly or hourly average,concentration and the average stack gas

volume flow rate. The concentration and flow should be at the same reference

conditions. These values can be summed nger periods, such as, monthly or annually.

Larger mass units, such as kg, tonnes es, are used for these longer time periods.
Q

=

For combustion plants that do not ntinuous monitoring (typically < 100 MW), the
annual total stack gas volume cat alculated from annual fuel consumption (see Annex
E of EN ISO 16911-1 — veloci volume flow rate). The annual mass emission is
determined from the annua%/e ge measured pollutant concentration multiplied by the
annual stack gas volume good practice to verify the calculation by measuring the stack
gas volume flow rate @&ither a velocity or tracer injection method, according to EN ISO

16911-1.

Ny

3.4.3 Conve;@results from parts per million to mg m=3

Monitori@}sults can be expressed either in volumetric or in gravimetric units, ppm or mg
m=, etric units have the advantage of being independent from temperature and
pre@ze. Most calibration gases have concentration values given in ppm.

>

@ often necessary to convert results obtained as ppm to mg m to meet the conditions of
\%ermits or authorisations (see box 3.3).
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M2: Monitoring of stack emissions to air

Box 3.3 Conversion of ppm to mg m?
To convert ppm to mg m=3, the following equation is required:

Concentration (mg m=) = concentration (ppm) x molecular weight ()
molar volume (l)

The molar volume is the volume occupied by one-gram mole of a gas at a specific
temperature and pressure. The temperature and pressure that concentrations are

usually reported at is 273K and 101.3 KPa. Under these conditions, the molar volum Q
for an ideal gas, is equal to 22.40 litres. e(l/

comparisons can be made with:

Concentration measurements must be reported to a standard set of co@s so that

<

e emission limit values (ELVS); C)
e emission concentrations measured at different times on the s @é;
e emission concentrations at different sites. @

Only concentration measurements expressed as mass per ﬁ?\ olume, for example mg m=3,
are affected by temperature pressure, moisture and oxygen concentration. Concentrations
expressed as volume per unit volume, for example p@ e unaffected by temperature and

pressure. Mass emissions results, for example
pressure, oxygen and moisture levels.

are unaffected by temperature,

conditions are specified for temperature ressure, and may also be set for moisture and

The applicable reference conditions are wed in the authorisation or permit. Reference

oxygen content.

Concentration measurements ar$ ally reported to 273 Kelvin (K) and 101.3 kilo Pascals

(kPa). Since it is most unlikel

applied. These are descri Box 3.4.

at the concentrations, as measured, will be at these

conditions, correction factor? nd F,for temperature and pressure respectively, need to be

/>s,

)
Box 3.4 Temper&and pressure corrections of mass per unit volume
concentration

To conver l@ oncentration as measured at a temperature of T K to the concentration
at 273 Iltiply by F: Where
t=T/273

Tanvert the concentration as measured at a pressure of P kPa to the concentration at
1 3 kPa, multiply by F, where
»\ Fp=101.3/P

For concentration measurements, P will be the pressure at the point where the sample
volume is metered.

The level of water vapour and oxygen affects the as-measured concentration of a substance

by adding to the volume that the mass of pollutant occupies. This is particularly relevant for

M2, Version 12, August 2017 Page 8 of 85



M2: Monitoring of stack emissions to air

processes involving combustion, where oxygen will be consumed and water vapour
produced during the combustion process.

The oxygen level can cause significant changes in measured concentrations. Many permits
therefore require the concentration results to be expressed at a standard oxygen reference

level. It is important that an oxygen reference level is set that is appropriate for the process.

It should be based on the typical oxygen level of the process when it is running at normal
conditions and the fuel type used. Different oxygen reference values are used for different

fuels, for example 3 per cent for gas or liquid fuels, 6 per cent for solid fuels, 11 per cent for q ¢
most incineration processes and 15% for gas turbines. However, some processes may b '\
designed to run in an oxygen enriched atmosphere. Under these circumstances the re

of the measured concentrations can be standardised at an oxygen content laid down by

competent authority reflecting the special circumstances of the individual case.

Moisture has a smaller, but still significant, effect and the correction is conveni ly to zero

moisture, that is, dry. The moisture content of the exhaust gas, H.O%, m measured
using an appropriate technique and method. Moisture and oxygen correc@ is described in

Box 3.5.
~D
N/

Box 3.5 Moisture and oxygen corrections

Emissions of stack gases are often expressed on a dry gﬁbasis, so that variation in the
moisture of stack gas does not affect the assessment ghthe emissions.

To convert a concentration from wet gas to dry %gt?e following is used:

Dry gas concentration = Wet gas concen{@n x 100/ (200 — H>O%)

To convert a concentration as mea: 0 a concentration at reference oxygen level,
multiply the concentration by Fo, t rrection factor for oxygen, given by:

% Fo = 21 — O>% reference
21 — 0,% measured

The reference oxy rﬁel will be specified in the authorisation, permit or process guidance
3.5 Access, @tles and services

Access, eé ities and services required will vary slightly from one approach to another and
fro chnique or type of equipment to another. However, all require:

. %a safe means of access to, and a safe place of work at the sampling position
" a means of entry into the stack for sampling equipment
/® sufficient space for the equipment and personnel
e essential services, for example, electricity, lighting and water

Reference should be made to TGN M1, which contains further details on such requirements.
These factors may limit the choice of approach, technique, method and equipment.
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M2: Monitoring of stack emissions to air

4. Monitoring strategy
4.1 General considerations
4.1.1 The importance of a monitoring strategy

A monitoring strategy specifies what, where, and when to sample, how long to sample for,
how many samples to take and by which method (Figure 4.1). Even the most sophisticated
monitoring programme can provide unsuitable data if sufficient care is not taken to define the,\
monitoring strategy. Also, an effective quality assurance (QA)/quality control (QC) syster@'
essential to ensure high-quality results and to eliminate invalid data. (]/

*

Figure 4.1 Main elements of a monitoring strategy é

sample?

Safety (TGN M1) Which substance to @3

_Cly

sample, for
Quality assurance m hOVF\:
and control (%any samples?

Monitoring
strategy

Collection, ﬁ Which technique,
interpretation and O\ method and equipment
: N
reporting of data e to sample to use?
(TGN M1)
G

4.1.2 Site-specific p toﬁls

For CEMs the r@%ring strategy is likely to be in place for the long term. In contrast,
organisations ying out periodic monitoring should be reviewing monitoring strategies
every timeé onitoring campaign is carried out. The monitoring strategy for a periodic
monitori ampaign must be documented in a site-specific protocol (SSP). The
requir ts for SSPs are given in the MCERTS performance standard for organisations
car out stack-emission monitoring.

' ere monitoring is proposed using CEMs, factors such as calibration and maintenance
,Q(\arrangements should be summarised by the operator in a documented protocol.
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M2: Monitoring of stack emissions to air

4.2 Which substance to measure?
4.2.1 Targeting the substance

This appears straightforward for regulatory monitoring; the substances will normally be those
specified in the authorisation or permit. However, even when the substance has been
specified, it may still be necessary to consider what precise form of the substance should be

measured.
ND

4.2.2 Different phases Q

Particulates are sampled by extracting flue gas from a stack and collecting the materia%a
filter. When sampling for a gas, the sample is extracted and the required sub tﬁnce is
collected into a solution, or absorbed onto a solid adsorbent, for example, activ, carbon
for volatile organic components (VOCSs). k@

Some substances exist simultaneously in both gaseous and particulate @1 es. There are
examples of this with both organic pollutants, such as polyaromatic hiidyocarbons (PAHS),
and inorganic pollutants, such as mercury. The monitoring methQt/meeds to be able to
sample the selected phase or both phases, as appropriate. For ple, mercury is mainly
present in gaseous form, but can also be found in particulat%a e and in water droplets.
Therefore, a manual method for the determination of th entration of total mercury
requires a filter for the particulate phase and a series of ﬁorbers for the gas phase.

4.2.3 Total or speciated measurements 0

For certain pollutants it is common to expre concentration as the sum total of the
individual species present, for example, tot vy metals or total organic carbon (TOC).
Alternatively, some members of a group utants may be especially important and may
require specific determination, such mium and mercury. Similar to this concept is
sampling for a particular physical fracioh of particulate matter, such as particles less than

10um in diameter (known as PM@\

4.3 Number and duration of@nples

4.3.1 General conside@ns

The following ques@s need to be considered:

e can contin@ monitoring be carried out or is periodic sampling required?

e what w@ the averaging period (often specified in EC Directives) over which an
individugmeasurement is made, or the averaging period over which the data are to be
expreysed?

o Howmany samples should be taken?

*
@en monitoring is for comparison with certain release limits, some of these parameters
& may already be specified in the authorisation or permit. In other cases, the decisions will
need to be based on how the pollutant concentration is expected to vary with time and the
characteristics of the monitoring methods available.

4.3.2 Continuous versus periodic approach; manual or automatic monitoring

CEMs, supported by the appropriate checking and calibration (QA/QC) provide increased
confidence for both regulatory purposes and process control.
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M2: Monitoring of stack emissions to air

However, periodic monitoring alone may be acceptable depending on the process or
installation. For example, periodic monitoring is normally appropriate when sampling a batch
process. A further choice then exists between carrying out periodic monitoring using
automated instruments giving a real-time readout or manual monitoring giving a result
averaged over the sampling period.

Generally, the more variable the emissions, the more frequently periodic monitoring is
required. Where emissions levels vary so frequently and significantly that intermittent
sampling would be unrepresentative, or would be required too frequently to be practicable q ¢
then sampling should be carried out using a continuous system, where available. '\

4.3.3 Averaging periods and duration of sampling (l/

The choice of a suitable averaging period is strongly influenced by the expecte
variability in emission levels (concentrations and/or mass emissions) and whe
peaks are important. Also, the averaging period chosen must be consistent
averaging period of the relevant release limit specified in the authorisation ermit, with
which the data will be compared. For CEMs, the averaging time may be@pecified in

legislation, such as IED.

It is important to recognise that a particular averaging p%d gay limit the choice of
measuring technigues and vice-versa. Some methods m capable of operating only
within a finite range of sampling averaging times. The_points to consider differ between
automated instrumental techniques and manual techn%&

Direct-reading analysers can provide vast quantitieeﬁf data with a very fine time resolution.
Selecting an appropriate averaging time is limit principle only by the response time of
the instrument. However, a minimum duratio t least half an hour or more per
measurement would be expected. The mi averaging time for a CEM to obtain so-
called independent result is equal to at é our response times.

*
In contrast, the averaging time for, inual technigue is often constrained by the need for a
sampling run of appropriate dur (often half an hour or more). This is because manual
techniques have an associ@ analytical end-method stage (for example, weighing of
particulate samples), for a sufficient mass of pollutant must be sampled to achieve an
adequate limit of detecti or this reason, some standards specify that the sampling time
is dependent on the ¥xpected concentration of the stack gas and the limit of detection and
range of the analy{iCal procedure used by the laboratory. It is therefore crucial that the
sampling organi&apon considers the performance of the analytical end method when
deciding on a&eble sampling time.

4.3.4 Nu@ of samples

CE@easurement standards describe in detail how to obtain a single valid periodic

. surement. The decision on the number of samples required for compliance with

@aironmental legislation is left to the regulatory authorities. However, the number of

&Qsamples required when calibrating CEMs is specified in the European standard for Quality

Assurance of CEMs (EN 14181). The number and duration of samples during a periodic
monitoring campaign must be carefully considered. This is to ensure that a representative
picture is obtained of the emission profile of the installation. In general, when measuring a
stable emission best practice is to make a minimum of three measurements. In the case of
unstable emissions, the number of samples should be increased. In the case of compliance

* The mass sampled is dependent on the pollutant flux to the sampler. The determining factor becomes the
sampling time, since the sampling flow rate is constant or does not vary greatly.
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monitoring for regulatory purposes, the number of individual measurements may be
specified in the permit.

If a number of periodic measurements are taken during a sampling campaign (e.g. triplicate
tests) these may be averaged to provide an overall result.

4.4 Field blanks for manual sampling

Field blanks are an important part of quality control in manual sampling, as they are used to q ¢
ensure that no significant contamination has occurred during the measurement. This '\
includes the equipment preparation, transport and installation on-site, as well as the Q
subsequent analytical work in the laboratory. (l/

CEN methods and our Method Implementation Documents specify minimum requirenients to
carry out field blanks as part of a series of measurements. However, taking bl ore
frequently than the minimum specified adds further confidence in the quality&ol of the

measurements. @
@)

An overall blank is taken at the operator’s site in an identical man che normal samples
in the measurement series, except no gas is drawn through the s@e train. The system is
allowed to equilibrate to the temperature conditions that will b%e for sampling. For all
methods, with the exception of dioxins, PCBs, PAHs and spkgiated VOCs, the probe is
placed in the stack for five minutes, with the nozzle at 12%&0 the direction of flow.

Generally, the field blank is acceptable if it does not e@ed 10 per cent of the emission limit
value (ELV).

When using CEN Standard methods, the fieIVé&k value obtained is not deducted from the
sample result(s). &

4.5 Limit of detection of the metl‘v@

A key aspect of stack emission m&oring is the Limit of Detection (LOD) of the method
used, as the percentage unce@nty associated with a measurement increases the closer
the result is to the LOD.$®

Some manual methotts specify a LOD, in terms of a fixed percentage of the ELV (usually
10%). This provide ide for selecting an appropriate sample time and helps minimise the
uncertainty asso d with a measurement result that is close to the ELV.

To ensure t @e LOD of the method is met, monitoring organisations must liaise with the
analytica(? ratory to determine the detection limit of the analytical method. It is then
possib sing an estimate of the expected concentration of the monitored substance in the
stal s, to calculate the sampling time required to ensure that the LOD of the sampling

. %thod is met.

\S
,QQLG Instrument certified ranges

MCERTS provides criteria for selecting CEMs based on certified ranges. In general, the
lower the certified range, the better the performance of the CEM is likely to be. This is
because the majority of performance standards are expressed as a percentage of the range.
A CEM is considered to have a suitable certified range when the certified range is less than
1.5x the daily average ELV for incineration processes and less than 2.5x the daily average
ELV for large combustion plant and other types of process. More detailed guidance is
available in TGN M20*.
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In general, the certified range of the analyser for periodic instrumental techniques should be
selected to ensure the MCERTS certified range is less than 1.5x the daily ELV for
incineration processes and less than 2.5x the daily ELV for large combustion plant and other
types of process. However, if a periodic instrumental technique is being used to calibrate a
CEM it is important that the instrument has a certified range that is equal to or less than the
CEM being calibrated. When periodic instruments are used on processes that do not have a
daily ELV the MCERTS certified range should be less than 2.5x the periodic ELV.

4.7 Instrument zero and span operations '\% ¢

CEMs should be zeroed and spanned according to their maintenance requirements. Q
Typically this should be carried out at intervals of seven days, unless the equipment ca
demonstrate stability over longer periods. The standard for calibration and quality a s[{rance
of CEMs, BS EN 14181 requires regular zero and span drift operations. é

When checking the zero and span values of CEMs, the entire system is ass@i to check
the sampling system integrity. Other zero and span checks may also be c@ out to check
analyser drift, these checks may be done directly into the analyser.

Standard reference methods for periodic instrumental technique ,lde information on
zero and span operations. The span value may be set at a pe tage of the instrument
range or at the ELV. Also, when using instrumental techniq e operator must zero and
span the instruments to check they are working correctly and t at they have not drifted
during the monitoring period. The zero and span result Id be reported with the
measurement results. If the drift is greater than the all ble value permitted in the
applicable standard method, the sampling should I@epeated.

Gases used for calibration should be traceab}a&ational standards. When carrying out
multi-point calibrations, users should useé& ution or blending systems that comply with
the requirements of US EPA Method

4.8 Choice of monitoring technh@a\and standard method

4.8.1 Fitness-for-purpose %

The following aspects o@nltoring must be fit-for-purpose for the intended application:

the monitorin @’kach

the monitorj bchnique

the moni@ method

the m0®1 ing equipment

The&i@ction between these aspects of monitoring is outlined in Box 4.1.
R
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Box 4.1 Monitoring terms used in this guidance

Monitoring approach — whether monitoring is periodic or uses CEMs.

Monitoring technique — the analytical principle behind the monitoring, for example,
infrared absorption, chemiluminescence, isokinetic sampling followed by gravimetry,
sorbent tube followed by gas chromatography.

Monitoring method — the published or documented procedure for using the
monitoring approach and technique, so that comparable results can be obtained when
standard monitoring methods specify the exact equipment that must be used, but man
do not.

Monitoring equipment — the instruments and apparatus used for the measu‘@@t
method and technique. (Q

the monitoring is carried out at different times or by different organisations. Some !}S

A
There is a wide choice of different sampling and analytical techniques Ished methods
and equipment that can be used to carry out stack-emissions meg%{ nts. This applies
u

not only for different substances - in many cases it is possible to ure the same
substance using completely different techniques, methods an@ ipment. It is important
that each of these is chosen to be suitable for the applicatiom\

4.8.2 Choice of monitoring technique <>Q

This section is concerned with the general princip, @nderlying selection of the
measurement technique.

There are many techniques for measurin @ant emissions. Each may have its own
advantages or disadvantages in term ormance and reliability. Terms used to

N

characterise the performance of a m , such as range, response, drift, etc. are defined in

MCERTS Performance Standard ontinuous Emission Monitoring Systems?®.

Selecting a suitable monitorinq?chnique requires careful consideration of these factors. The

final choice of technique so depend on the averaging period (discussed in Section

4.3.3) and some practiﬁ&onsiderations, such as the portability of the equipment and its

ease of operation. Fox periodic monitoring, the portability and size of equipment can limit the

locations where thg\c n be used. Also, most monitoring equipment requires an electrical
r

supply at the m@li
factors are s rised in Figure 4.2.

ing point, although some battery-powered monitors do exist. These

It is im@t to note that for demonstrating compliance with regulatory monitoring

ts, the standard method is likely to be specified in an operator's permit.

req 'r(@
N4
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Figure 4.2 Important considerations when choosing the monitoring technique
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4.8.3 Selection of standard methods §

Standards developed by different organi @(/ary in the degree of validation work carried
out as part of their development. Stand eveloped and published by CEN are generally
accepted as being most suitable anchg7 eferred to as reference methods (RM). However,
other standards are still important ere are substances that are not covered by CEN
standards.

The choice of the method | n dictated by the requirements of a relevant EC directive,
where, for example, the@ of the relevant CEN standards is mandatory. If the standard is
not dictated by mandatory requirements, then monitoring standards should be used in the
following order of ity as given in the European IPPC Bureau’s Reference Document on
the General Prin of Monitoring:

o Comit§ zuropéen de Normalisation (CEN)
¢ In{eryational Standardisation Organisation (ISO)

An @rnative method (AM) can be used provided the user can demonstrate equivalence to
. RM by using EN 14793, For example, CEN TS 17021 describes an AM for measuring
\89,. The RM for measuring emissions of SO- is a manual method which employs wet
z&\Qchemistry. However, test laboratories may use an AM, as long as the test laboratory can
demonstrate that the AM produces results of an equivalent quality to the RM.

AMs, such as CEN TS 17021, may be used for compliance assessment monitoring and
calibration of CEMs for installations falling under EPR.

If the substance cannot be monitored using standards covered by the above, a method can
be selected from the following:
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American Society for Testing and Materials (ASTM)
British Standards Institution (BSI)**

United States Environmental Protection Agency (US EPA
Verein Deustcher Ingenieure (VDI)

If the substance cannot be monitored using standards covered by the above, then the
following occupational methods may be adapted, following the requirements of ISO 17025,
for stack emission monitoring:

¢ Method for the Determination of Hazardous Substances (MDHS) series published%'\

the Health and Safety Executive (HSE) (l/
o National Institute of Occupational Safety and Health (NIOSH)
e Occupational Safety and Health Administration (OSHA) é

Under most circumstances, the methods detailed in Part 2 of this TGN shoul
However, it is important that the intended application of the method is take
For example, a well validated method may be less suitable than another
validated method if the application is not one for which the method w eloped.

A monitoring technique that is not covered by the above stand Qhe use of indicating
detection tubes. These change colour due to a reaction with be contents and the
substance being sampled. Detection tubes can be used for Nl e variety of substances and
may be useful if a process requires frequent (for examplgphourly or daily) monitoring to
ensure process requirements, such as the operation o@batement system. However, the
results obtained are semi-quantitative because a subjettive decision is required to estimate
changes in colour. &

4.9 Collection and reporting of data and {@ess conditions

4.9.1 Data collection

The means by which results are @ ed from the monitoring equipment depends very
much on the type of technique quipment being used. Many manual monitoring

techniques have an analyti«"‘ﬁ1 d-method stage that is separate from the sampling stage. In
such cases, supporting r a will come from the on-site sampling. Site notes of relevant

data, for example sam lumes, should be recorded on the appropriate forms on-site for
inclusion in the raw, section of the final results report. Data from the analysis stage will
be provided later aboratory.

st manual techniques, instrument-based methods usually provide real-time
st be recorded for immediate or later interpretation and reporting. This applies
to CE d instruments used periodically. The data may be stored on site using a variety
of ;&’@s, ranging from a simple chart recorder to automatic data loggers able to

co nicate with a remote central processing unit.

>

&9.2 Process conditions

The MCERTS performance standard for organisations specifies that, before an organisation
carries out sampling at a site for the first time, a site review must be undertaken to ascertain
the process conditions of the facility (for example, material balance, feedstock details,
percentage load). This information should be collated to form part of the site-specific
protocol, which details the process conditions under which sampling should occur. The

**When a CEN method is published, BSI must adopt it and any equivalent BSI method must be withdrawn. ISO
methods may also be adopted by BSI, although this is not a mandatory requirement.
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process conditions during the sampling exercise must be recorded to ensure that they are
the same as those specified in the site-specific protocol.

4.10 Measurement uncertainty
4.10.1 What is measurement uncertainty?

Measurement uncertainty quantifies the dispersion around the true value inherent in a
measurement result. The uncertainty assigned to a result represents the range of value q ¢
about the result in which the true value is expected to lie. It should be stressed that this 2\
value is a conceptual term, which can never be exactly determined. All measurement %
associated uncertainty; the goal is to quantify this uncertainty, so that the results cs%be
properly interpreted. In the case of many stack measurements, it is also necessar show
that the measurement is fit for purpose, by demonstrating that the uncert é of the
measurements is within certain criteria. The statement of uncertainty includes %ue for the
level of confidence. This quantifies the probability that the true value lies \@\ the region
defined by the confidence interval. The measurement uncertainty defin e size of the
region in which the true value is expected to lie, and the confidence Gyrval defines how
likely this is.

Consider the following measurement result with its oc;ated uncertainty, NO
concentration = 45 + 4 mg m, }\

The nature of the factors contributing to the uncertain&ch that it is not justifiable to say
the concentration is certain to be in the range 41 to 49.ig m=. However if the uncertainty of
4 mg m* was calculated with a level of confide f 95% then it can be assumed that 95
times out of 100 the result would be within th unds. This enables regulatory bodies to
interpret measurements and their uncertai% with respect to limit values and issues
regarding demonstration of compliance. 6

There are other concepts which a@@rtant in understanding uncertainty. These include
the concept of random and syste@s ources of uncertainty:

e random sources of tainty are those which change between successive
measurements in a ra manner, over the period of measurements. The influence of
random sources of rtainty can be reduced by taking multiple measurements and
averaging the r&sults. The random component of a measurement uncertainty is
sometimes refet@d to as the precision of the method used;

. systemat@certainty sources are those that remain unchanged during the period of
measugements. Increasing the number of measurements does not necessarily reduce
the s of these sources of uncertainty. The effect of systematic uncertainties on a

rement result is sometimes referred to as the ‘bias’ of the method used.

. ther term that may be encountered, but is no longer commonly used, is ‘accuracy’. The

\(\ m was used in a number of early ISO standards as a measure of the agreement between

& a method and the assumed true value. Current ISO guidance suggests that accuracy is not a
guantitative term.

The terms repeatability and reproducibility may also be encountered as properties of a
measurement method. Repeatability refers to the random variations observed when an
analyst in a single laboratory carries out a measurement. Reproducibility is the random
variations seen between the results of different laboratories or analysts. These methods of
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describing uncertainty do not apply to CEMs, though they may still be encountered in
manual stack sampling methods.

4.10.2 Procedure for the calculation of uncertainty

There are a number of sources of measurement uncertainty associated with any particular
measurement, and the goal in calculating the uncertainty is to account for and quantify the
effect of all significant sources. A generic approach to uncertainty calculation is described in
the Guide to the Expression of Uncertainty in Measurement'® (GUM). This docume ¢
describes a procedure in which individual uncertainty sources are identified, quantified r]\
combined to provide the measurement uncertainty. This philosophy has been adopted
underpinning approach within the European and International standardisation bodies a ill
be used in standardised measurement methods. This approach is often descri as a
bottom-up approach. There is another technique for determining the unce y of a
measurement, which is to repeat the measurement a number of times, compa%h a SRM,
and examine the spread of the results, known as a top-down approach. Thi&& often been
used to characterise measurement methods, by performing Iarge-sc@ ter-laboratory
studies to determine the repeatability and reproducibility of methods.

It is sometimes assumed that these two approaches are mutuall@lusive. However, if the
GUM approach is followed it is possible to include all signifi€dat Component uncertainties.
Additional uncertainty sources may be combined, for examp%\I se not covered in a method
evaluation. The GUM approach should therefore be used as the most general method. The
steps that should be taken are: 06

review the measurement method and identify ntial sources of uncertainty
guantify the significant sources of uncertai
combine the uncertainty components\@'?oand to give required level of confidence

report the measurement uncertainty e measurement result
4.10.3 Determine potential source@ncertainty

The first stage in determining tf&ncertainty of a measurement is to fully understand the
method being followed to pr @e the final result. For example, is the measured quantity the
concentration of the stac S or a mass emission rate? It is important to consider all
sources of uncertainty may contribute to the final result, not just those which relate to
the measurement of Qs concentration.

All factors whi ay cause the result to be affected should be identified as potential
sources of tainty. It should be noted however that process variability is not a
contributin or to measurement uncertainty.

O

So @urces of uncertainty may be controlled, or corrected for, as a part of the
me%ement procedure. For example, an instrument which is affected by changes in
.@ospheric pressure may be calibrated frequently enough that ambient pressure changes
accounted for. However, such sources must be included until they can be shown to be

/Qolnsignificant.

4.10.4 Quantify the significant uncertainty sources

In many cases, what is known about the uncertainty source is the variation of an influence
factor, for example the stack gas temperature or the range of an interferent gas in the stack.
In these cases it is necessary to determine the sensitivity of the measurement to the
influence and derive the sensitivity coefficient, usually by experiment. In stack emission
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monitoring these can be obtained from MCERTS testing of CEMs or from data published in
SRMs. The uncertainty contribution of such influences is then calculated from variation of the
influence quantity multiplied by the sensitivity coefficient. It is generally assumed best
practice, that where it is possible to correct for such an influence, for example by measuring
temperature on-line, then the result should be corrected. In such cases there will still be a
(smaller) uncertainty contribution due to measuring and applying the correction.

A review of the potential uncertainty sources should be carried out to identify any sources of
uncertainty that are insignificant. These may be discounted from further evaluation. It i q ¢
generally assumed that any uncertainty source which contributes less than 10% of 2\
largest uncertainty source can be discounted. 6

Where a standard method provides information on the uncertainty of the results an being

followed exactly, then the uncertainties given in the standard may be quoted directiZin other
cases additional sources of uncertainty, for example those due to flow meas nts used
to convert results to stack emission rates, or those due to variations from t thod, must
be determined in addition to the quoted uncertainty of the method. @

In some cases the measuring instrument is calibrated agai SRM on site. The
uncertainties due to the SRM and the calibration procedure shou ‘@ used to determine the
uncertainty of the results.

The individual uncertainties should be expressed as standafd uncertainties or variances.
The procedures used to do this are described in GU idance has also been published
on estimation of uncertainty for analytical measur nts in general’®®?® and for stack
emission monitoring specifically?’. The 1SO stan 1SO1495622 provides a procedure for
calculating the uncertainty of instrumental m ment methods based on performance
characteristics. For CEMs these can be obtaj rom MCERTS testing.

Two terms are used in GUM to describ &uncertainty sources are evaluated, Type A and
Type B. These terms are often wr thought of as the random and systematic terms
respectively. This is not the case; merely distinguishes between uncertainties which
are derived from statistical anal the variance) of repeated measurements (Type A) and
those derived by other me@. In stack monitoring we do not always have repeated
measurements and man rces of uncertainty are Type B. GUM describes how to
calculate the standard rtainties for both types. It should also be noted that there is no
difference in the Wa)bQ? tandard uncertainties derived from Type A and Type B terms are
subsequently treat@n he calculation of the combined measurement uncertainty.

4.10.5 Calcu@ﬁg the measurement uncertainty

The starﬁ)uncertainties are combined as the root sum of squares to derive the combined
sta @ certainty. All standard uncertainties are combined in the same way, whether they
are% 0 uncertainty sources which are, Type A or Type B and random or systematic.
. @Hicty speaking, if any sources of uncertainty are not independent - i.e. if the value of one
~urcertainty source is correlated to another - then additional terms should be included in the
“ummation. GUM describes how such covariance terms should be derived. However, in
practice such terms are usually not required. ISO 14956 provides a technique for accounting
for correlation that may be expected between interfering gases present in the stack. The
combined standard uncertainty is then multiplied by a coverage factor (generally known as k)
to provide the required level of confidence in the uncertainty estimation. A level of
confidence of 95% is usually required, and in most cases a coverage factor of k = 2 is used.
GUM provides procedures to determine the value of k.

Some approaches to estimating uncertainty or components of uncertainty in practice are:
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e repeat measurements using reference materials; this does not cover the effects of
influences not present during these measurements (for example stack gas conditions,
sampling losses) and these must be separately determined

o experimental work (for example, repeatability experiments, paired comparisons and ring
tests)

e estimation based on previous results/data (for example, instrument manufacturers’
specifications, calibration data, proficiency-testing schemes)

Where previous work, and in particular standard methods, are used to provide uncertaint '\
estimates, care must be taken to be aware of what conditions the uncertainty estimate j )Q
appropriate for, and what aspects of the measurement are covered. For example, sta &
methods may quote “internal uncertainty” and “external uncertainty”, which corresp
repeatability and reproducibility, respectively. These measures were determine
particular conditions, and may be applicable if similar conditions are present d
subsequent measurements. If the method has been followed exactly then th
the standard may be included in an uncertainty determination. It should
however, that these parameters do not necessarily include all the potentialinfluence factors
and other sources of uncertainty that may be present under stack ons. It is therefore
recommended that users carry out an uncertainty estimation for t ecific measurement.

values from
ognised,

Further information on the calculation of measurement unce’@es, including an example
calculation, is provided in Section 6 of this TGN. Q

4.10.6 Non compliant sampling locations

In some circumstances, following the requirem %isokinetic methods (i.e. those which
require sampling at multiple points in a stac be difficult due to a number of factors
related to the sample location:

e limited access to the require@ber of sample lines

o limited access to sample@ , which may restrict the number of points that can be
used

e poor positioning of t?ﬁﬂple plane, which may result in the flow criteria not being
met

Unfortunately, it is n
the measurement
results (i.e. the
take account

ossible to quantify the effects of these factors on the uncertainty of

is means they cannot be taken into account when reporting the

ed uncertainty is based on the measurement method only and does not
fact that the sampling location does not comply with the standard). The
only practigaiygption in these cases is to include qualifying remarks in the monitoring report,
stating t viations from the isokinetic method due to the non-compliant sampling location,
and clear in the report that the results were not produced in full compliance with the
metops.

\(@1 Quality assurance of CEMs

& When selecting and installing CEMs, the operator must ensure that, wherever possible, the
equipment is MCERTS certified at an appropriate range for their application.

Once a CEM has been installed, it must be checked for functionality and its performance
verified. Typical performance checks include:
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leak test

response time

linearity

interference, particularly any substances which could cause bias
zero and span drift

comparison with a reference method

European standard, EN14181, Stationary source emissions - Quality assurance of .
automated measuring systems, requires operators to check for functionality and verify '\%
performance of the CEMs. This standard consists of three quality assurance levels (QAL)Q
and an annual surveillance check: (L
e QALL: A procedure to demonstrate that the CEM is suitable for the intende pose
before installation, by meeting required performance standards and the&ainty
budgets specified in EU Directives. @
e QAL2: quality assurance of installation: this includes a selection rformance
tests, functionality checks and a comparison of the CEMs me ents against a
reference method with a known uncertainty. The latter inc or more

repetitions of the reference method, in order to calculate a ration function by
linear regression. QALZ2 therefore specifies a statisti hnigue to determine the
total expanded uncertainty of the CEM. This should sed to determine compliance
with the specified allowable uncertainty budget f 95% confidence interval as
specified in directives, such as the revised Iarg@ bustion plant directive.

o QAL3: determination of a periodic zeroﬁgn\drift and precision.

e AST: this is a simplified QAL2 chec @hg 5 or more repetitions of the reference
tests to check the continuing vali% f the calibration function.

EN 14181 was developed to implen s&quirements of applicable directives, such as WID
and LCPD. Therefore, it is a man@y requirement for waste incinerators and large
combustion plants regulated by the'IED. Further guidance is available in TGN M20.

4.12 Quality assurancc@%:dictive emissions monitoring systems

A predictive emissi@monitoring system (PEMS) predicts real time emissions levels from a
model based on ious stack emission results. This provides an alternative to carrying out
ongoing stack ions measurements.

PEMs u model to correlate process parameters to stack emission results. A well
devel model is based on being able to vary the process while recording process
par@ rs and emissions results.

¢ ﬁ& reliability of PEMs is based on the assumptions made in developing the model
,&\(\}émaining valid during the ongoing operation of the process.

PEMs need to be verified by parallel reference testing - the emissions must be measured
using MCERTS accredited measurements over a range of load points. The procedure
applied should follow similar general principles to those used during QAL2 of EN 14181.
To date, the evidence from field experience is the use of PEMs can be a valid approach for
predicting emissions of NOx, especially for smaller gas turbines, such as those below
20MW, although PEMs have been used successfully on larger gas turbines. The evidence
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for other types of installations and determinands is limited. However, as stated above, PEMs
on all installations need to be proven and validated.

4.13 Reporting

For periodic monitoring, reporting must be carried out in accordance with requirements
detailed in the MCERTS performance standards for organisations undertaking stack-
emission monitoring.

N

There are many hazards associated with carrying out stack emission monitoring on situ,!.}/
Some common hazards encountered during stack emission monitoring are describediin TGN
M1 and reference should be made to that document.

4.14 Safety
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5. How to use the index of monitoring techniques and methods
5.1 Layout of the index of monitoring techniques and methods

The following index of monitoring techniques and methods has been structured to enable a
user to determine an appropriate technique or monitoring method. It is split into three

sections:
. . - - . . ‘
e Section 1: Continuous Emissions Monitoring systems (CEMS) '\%
e Section 2: Periodic monitoring standards Q
e Section 3: Automatic batch samplers (l/
Typically the user will be aware of what substance requires sampling, but will need ance
on the technique, equipment and method to use. Accordingly, the index is clasaifi Y

substance in alphabetical order.

A number of abbreviations are used in the index. To assist the user, a Iitﬁeébbreviations is
provided in Section 6. @

5.2 Information given in the index of techniques and moni r@‘nethods

The index states for key substances (that is, those most rouh?e y monitored for regulatory
purposes) which methods are generally acceptable for regulatory monitoring. Where a CEN
or ISO method is unavailable, a national method, if av e, has been included. The
national method selected is one that is commonly@ the UK.

Some comment is made on the applications itations of each method. Where
information is available, the performance ¢ eristics of the methods have been provided.

It is important for the user to be awal “historically, performance characteristics have
been quoted in published methods ious ways (for example, accuracy, precision,
repeatability, reproducibility, unc%n y, error and the like). Many of these are not
comparable with each other a&a not necessarily compatible with current definitions.
Therefore, such performan racteristics should be accepted with caution for all but the
most recent, validated, s d methods. Also, uncertainty estimates quoted here are for
guidance only — monjtoriyg organisations must produce their own uncertainty estimate for
the method under tb rticular conditions of test.

5.3 Method i@ entation documents

@y contain various options and approaches, as well as potential ambiguities.
lementation documents (MIDs) have been produced for several standards to
ens ey are applied consistently. If a MID has been produced it is included in the index

alo de the relevant standard.

Standard

&4 Use of MCERTS certified instruments

The MCERTS performance standards for CEMs apply the requirements of BS EN 15267-3%.
When selecting a CEM, operators must, wherever possible, choose an MCERTS certified
instrument with an appropriate certified range and scope of application.

If a certified CEM is unavailable for the substance to be monitored, or for the scope of
application required, then the decision on the appropriate instrument is currently left to the
user's judgement.
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Some MCERTS certified CEMs are classed as transportable instruments. These are

designed to perform to the same high standard as CEMs and hence are used for manual

stack emission monitoring activities, such as compliance monitoring and calibrating CEMs.

The extensive testing under MCERTS provides evidence that the instrument complies with

the relevant European monitoring standards. Therefore, an MCERTS certified transportable
instrument with an appropriate certified range will meet the minimum performance standards
specified by the relevant European monitoring standard. This also applies even if the

instrument has a different measurement technique to the standard reference method, as it

can be used as an alternative method to the standard reference method. '\% ¢

procedures for performance testing of transportable automated measuring systems us r
periodic manual measurements. EN 15267-4 will supersede the requirements for
transportable systems, currently described in Annex F of MCERTS for CEMs. :®

The MCERTS performance standards for portable monitoring systems contaj e
performance requirements for portable emission monitoring systems. Thege’jristruments are
lightweight, battery powered instruments, which are used to make meas(rgments in a wide
variety of applications, such as for example fugitive emissions an@ us releases from

BS EN 15267-4%* is a European standard that specifies the performance criteria and tegtbg
d

landfill bore-holes. For stack emission monitoring they may be us r indicative purposes.

5.5 Overarching standards '\b
The index of techniques and monitoring methods coni@ubstance specific standards for
periodic stack emissions monitoring. Besides these s ances specific standards contained

in the index there are also overarching standards fQ‘periodic and continuous monitoring that
are not listed in the index.

European standard, EN152592%, is an ov c@r'lg standard that is to be used in conjunction
with periodic substance specific refer% ethods. It provides generic principles on the

following: . S\\'

a) locating suitable measureme es and sections

b) planning and reporting d&ck emission measurements

c) taking representaﬁ%ﬁmples of stack emissions

European stand@ N 14181, is an overarching standard for continuous stack emissions
monitoring. It eveloped for LCP and waste incineration installations that fall under the

remit of IED? 14181 is not substance specific but may be supplemented by substance
specific ards, such as BS EN 13284-2 for measuring particulate matter.

60
N
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Section 1: Continuous Emissions Monitoring systems (CEMSs)

Table S1.1 CEMs

Index of monitoring methods and techniques

M2: Monitoring of Stack Emissions to Air

*

Substance Type of CEMs | Monitoring technique Further inf tion
Aldehydes In situ DOAS A system can be set up to measure aceta yde, propionaldehyde and
formaldehyde. Typical range up to 1,00 m-3. Typical LOD approx. 1 mg m=.
Extractive FTIR JA )
Amines and Extractive Continuous ion-mobility Able to separate and analyse lc’amines. LOD down as far as 5 ppb. Not in
amides spectrometer widespread use in UK.
FTIR Able to separate and anql;@%pecific amines.
Ammonia In situ NDIR Applicable to gas- phase'Nﬂs Typical range 0-100 ppm. Typical LOD 0.25-1 ppm.
DOAS Applicable to gas-p NHs. Typical range up to 1,000 mg m-3. Typical LOD <0.5
mg m a)
IMS Applicable to gé@—ﬁﬁase NHs.
TDL Applicable Q\a&s‘-phase NHs.
Extractive NDIR Applica gas phase NHs. Main interference from NOx, amines and amides.
Tprq ge up to 100 ppm. Typical LOD 0.25-1 ppm.
FTIR ble to gas-phase NHs. Reduced interference compared to NDIR. Typical
. up to 500 mg m-3,
NDUV N plicable to gas-phase NHs. Main interference is SO2. Typical range up to 1,000
ppm. Typical LOD 0.25-1 ppm.
Chemilumlnescenc ith | Gives simultaneous readout of NOx and NHs by cycling between converted and
catalytic reducth unconverted signal. Typical range up to 100 ppm. Typical LOD 1 ppm.
Continuous- f@ Suitable only for steady emissions with no transient peaks.
analysers Slow response (typically 5 minutes). Typical uncertainty +5% claimed.
electrocm al detection
Carbon dioxide In situ NDIR@‘ CO is a positive cross interferent. Methane also interferes.
@A% Simultaneous monitoring of CO2 along with many other pollutants. Range up to
(s 100%, LOD approx. 0.1% by volume.
Extractive O\INDIR Interference from CO, water, methane and ethane.
6 FTIR Simultaneous monitoring of COz along with many other pollutants. Faster response
+ Cn than NDIR. Typical range 0 to 35%.

4
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Table S1.1 CEMs (continued)

M2: Monitoring of Stack Emissions to Air

*

N
q/Q

Further inform S

Substance Type of CEMs | Monitoring technique
Carbon In situ NDIR Measurement of CO and CO2. CO: are posit oss interferents. Methane also
monoxide interferes, primarily with CO2. LOD <3 mg
DOAS Measurement of CO and CO». Typicalrfige up to 10,000 mg m-3
Extractive NDIR Interference from water, methane Wane
Electrochemical cell Requires appropriate conditiom purging with clean air for sensor recovery
FTIR Measurement of CO and . \Wide range (typically up to 10,000 mg m-3); short
response times; low LOI%S\. duced interferences compared to NDIR
Carbon See hydrogen sulphide
disulphide O\
Carbonyl See hydrogen sulphide O\
sulphide A
Carboxylic acids | In situ DOAS System cal et up to measure formic, acetic, benzoic acids. Typical range up to
1,000 mgimy. "Typical LOD 1 mg m-3
Extractive FTIR Us  fBasure carboxylic acids, such as methanoic acid (formic), ethanoic acid
(ac Y propanoic acid (propionic) acrylic acid (prop-2-enoic)
Cresols See phenols NN\

Di-isocyanates

See isocyanates

.

2

Gas velocity!

In situ

Dynamic pressure
technique

Measures gas velocity. Uses probe with series of openings and pressure-sensing
device

. 4
Ultrasonic sens r%ﬂd
receivers

Gas velocity related to speed of pulsed sound waves. Interference from vibrations
and turbulence

a,
Balance tehnique
&

Measure gas velocity. Force exerted by flow on probe element measured by strain
gauge

Measures gas velocity. Good agreement with Pitot tube demonstrated in combustion
plants. Interference from moisture delete

Trib -@:Tric
@gal mass

)

Gas velocity related to energy required to keep a probe at temperature (wind chill
effect). Good for low velocities. Limited temperature range

IBS EN 16911-2 is for the auton&iﬁ}terminaﬂon of velocity and volume flow rates in ducts.

\(‘\\‘b
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*

Table S1.1 CEMs (continued) (\'\
Substance Type of CEMs | Monitoring technique Further informatio )"
Halogens and In situ DOAS Can measure gas-phase Clz, HBr. Does not measufg halide salts. For Cl2 range 0-
halides 1,000 mg m=3, LOD 10 mg m-3- R
(excluding Extractive NDIR Does not measure halide salts or halogens. Wrence from particulates, H20, CO2
methods and any other IR-absorbing components.
spec'|f|c'to FTIR Reduced interference compared to NDI@N faster response. Measures gas phase
monitoring HCI )
only, not halide salts or halogens.
and HF) - -
IMS Can measure gas-phase Cl2 apd*%Sunable for ppb levels.
TDL n
Continuous-flow Instruments available for r‘%uring gas-phase HBr and HI. Measures halides
analysers, based on IC, absorbed into collection on. Interference from particulates, CO2, SOz, SO3, NO2
ISE etc and NHs. Require coasumable reagents.
Hydrogen In situ DOAS Measures HCI, sp@cﬁlly, rather than total chlorides. Simultaneous monitoring of
chloride HCl along with manyother pollutants. Measures gas-phase HCIl only. Range up to

5000 mg mﬂ@D <1 mg m-=. Not suitable for the measurement of chlorides.
A
TDL N
NDIR N
Extractive NDIR i\(&@es HCI, specifically, rather than total chlorides. Measures gas phase HCI only.

ence from particulates, H20, CO, CO:2 and any other IR-absorbing

j*"g ponents.

FTIR easures HCI, specifically, rather than total chlorides Simultaneous monitoring of
HCI along with many other pollutants. Faster response and fewer interferences than
A@ NDIR. Typical range up to 1000 mg m-. Measures gas phase HCI only.

lon mobility spg&@etry LOD down to ppb levels

Continuoug:fltwy Simultaneous monitoring of chloride expressed as HCI along with many other

analyser %a;ed on IC, halides.

ISE et@ Measures gas phase only. Not specific to HCI (also responds to chlorides).
Interference from particulates, H.O, CO3, Cl», SO, SOz, NO, and NHs. Slow

@ response time, require consumable reagents.

N
\(‘\\‘b
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*

Table S1.1 CEMs (continued) (\'\
Substance Type of CEMs | Monitoring technique Further informatio )"
Hydrogen Extractive Continuous flow with ISE | Will measure total CN- species reaching the instrum&lt. ypical analytical precision
cyanide +4%. PR
Continuous-flow IC Will measure total CN- species reaching the 'wment. Excellent detection limits and
analyser specificity. If monitoring HCN alone, it is e@al that sample is filtered to remove
CN- salts. s
Electrochemical cell Low maintenance. Can also be moun@m situ. Limited cell life. Typical range 0-50
mg m-3. Strong interference from.t@and other sulphur species.
FTIR Applicable to gas-phase HCNﬁrﬂJltaneous monitoring of several pollutants.
Hydrogen In situ DOAS Can measure gas-phase P%Doves not measure fluoride salts. For HF, range is O-
fluoride 1,000 mg m*, LOD 0.2 fhg rv™.
Extractive NDIR Can measure gas-phase HF. Does not measure fluoride salts. Interference from
particulates, H20, nd any other IR-absorbing components.
FTIR Applicable to gas-phase HF. Reduced interference compared to NDIR and faster
response. D ot fluoride salts.
IMS Can meaAs@g‘as-phase HF. Suitable for ppb levels.
TDL Can meaShre gas-phase HF.
Continuous-flow Ins nts available for measuring gas-phase HF. Measures halides absorbed into
analysers, based on IC, ion solution. Interference from particulates, COz, SOz, SO3, NO2 and NHs.
ISE etc K uire consumable reagents.
Hydrogen In situ DOAS @\:an measure HzS, carbonyl sulphide (COS), carbon disulphide (CS2) and methyl
sulphide, total P mercaptan. Typical range (CS2) up to 1,000 mg m-3. LOD 10 mg m-3.
reduced sulphur | Extractive UV fluorescence er | Can measure H2S. Scrubber removes SOXx, catalyst converts H2S passing through
(TRS) with scrubber alyst | scrubber to SO2, which is detected. Typical LOD 0.5 ppb.
ggrrgg?]unds, FPD analyserwi Can measure TRS. Need two instruments or two switching channels to give
disulohide scrubber atalyst difference of total S by FPD and total reduced sulphur less SOx using FPD with
P ’ ~ scrubber.
carbonyl . , —
sulphide Ele emical cell Can measure Hz2S. Can also be mounted in the gas stream for an in-situ CEMs
measurement. Typical range 0-500 ppm. Interference from HCN. Requires
N appropriate conditioning and purging with clean air for sensor recovery.
| JContinuously sampling Able to separate and analyse H2S, SOz and organic sulphides. Typical LOD 2 ppb.
O chromatographic S gas
analyser

NS
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Table S1.1 CEMs (continued) (\'\
Substance Type of CEMs | Monitoring technique Further informatio )"
Isocyanates Extractive Continuous ion-mobility Able to separate and analyse specific di—isocyanate&L D down as far as 5 ppb.
spectrometer %
Mercaptans In situ DOAS Can measure mercaptans simultaneously witfNot er pollutants. Typical range up to
(thiols) 1,000 mg m3,LOD 1 mg m=.
Extractive Continuously sampling Able to separate and analyse mercapta »S, SOz and organic sulphides. LOD
chromatographic S gas down to 2 ppb.
analyser (D
Metals? In situ DOAS Will measure many other poIIL@\sTmultaneously. For mercury vapour only. Range
up to 1000 ug m=3, LOD <
Extractive Thermocatalytic reduction | Good LOD (<1 ug m). :%rcury vapour only. Range up to 1000 pg m-.
then UV absorption
AFS For total mercury. B O 6978 Part 2 is for mercury in gaseous matrices.
Specifically naturgf ggs and stack gas.
Moisture See water vapour A\ -
Nitrogen In situ NDUV Measuremerk & NO and NO2. The principal interference is from SO..
monoxide and DOAS Measurﬁof NO, NO». Typical range up to 2,000 mg m-, LOD <1 mg m=3.
nitrogen dioxide NDIR Meg ent of NO and NO2. Wide range (typical NO to 5,000 mg m-3, NO2 to 5,000
m > Main interference from particulates and H20, which can be reduced by
\(& e selection of wavelength. Not suitable for high-moisture gases.
Extractive NDUV WAS above for in-situ CEMs.
NDIR @ As above for in-situ CEMs. Main interference from particulates and H20, which can
P be removed by conditioning.
Chemiluminesceq@z} Measurement of NO and NO.. Very low LOD (typically 0.1 ppm); wide range (typically
0-10,000 ppm); short response (a few seconds). The principal interference is from
CO2, H20 and NHs.
EIectroc@kal Measurement of NO and NO:ztypically up to 3,000 ppm and 500 ppm, respectively.
~ Requires appropriate conditioning and purging with clean air for sensor recovery.
N%QU Measurement of N20O. Steps required to reduce potential interference effects of CO,
CO2 and moisture.
\aﬂ? Simultaneous monitoring with many other pollutants. Faster response and less
interference than NDIR. Measurement of NO, NO2 and N20.

1BS EN 14884 is for calibration ury CEMs. It is used in conjunction with BS EN 14181 and is applicable to installations under IED.

<P
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Table S1.1 CEMs (continued)

M2: Monitoring of Stack Emissions to Air

*

N

Substance

Type of CEMs

Monitoring technique

Further informatioﬂ)"

Nitrous oxide Extractive NDIR Measurement of N2O. Steps required to reduce p@iafinterference effects of CO,
(Dinitrogen CO2z and moisture. 2\
monoxide) FTIR Simultaneous monitoring with many other p ts. Faster response and less
interference than NDIR. P
Oxygen In situ Zirconium oxide film Main interferences: hydrocarbons, CQ."()
Extractive Paramagnetic Range 0-100% with typical res ti@( 0.1%. Interference from high concentrations
of NO2, NO and certain hydrodarbgn
Electrochemical cell Electrochemical cell can a e mounted in the gas stream for an in-situ CEMs
measurement. Interferer'sﬁ[ m SOz, NOx and acid gases. Requires appropriate
conditioning and purging with clean air for sensor recovery.
TDL f&
PAHs Extractive Continuous, automatic Integrated sal le&Gbtained over averaging periods ranging from 1 h to 30 days.

isokinetic batch sampler

I$ obtained continuously, results are not instantaneous: the filter and
are sent off for analysis.
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Table S1.1 CEMs (continued)

M2: Monitoring of Stack Emissions to Air

*

N

Substance Type of CEMs

Monitoring technique

Further informatior‘]{

Particulate In situ
matter®?

Opacity meter or
transmissometer

Opacity or smoke density measurements. Laser
mg m-3. Does not measure mass of particulate
factor dependent on particle size, compositigQ;
Gives a measure of particulate concentrat&
Typical range about 10 to 2000 mg m'309 suitable for low concentration emissions.

imeters have LOD down to 1

tly. Concentration calibration
ape, colour and refractive index.
ter calibration with gravimetric SRM.

Tribo-electric probe

Can be used simply as an alarm in
suitable for low particulate con
response dependent on parti@

particulate concentration gftg( cafibration against SRM.

ons (LOD less than 1 mg m-3). Tribo-electric

éﬂ@pr or as gquantitative monitor. Claimed to be

e, composition and moisture. Gives a measure of

Light scattering

Reported to be suitablefbgl'od/ particulate concentrations (LOD down to 1 mg m-3).
Gives a measure of p@rt'cu ate concentration, but only after calibration with SRM.

Extractive

Beta-attenuation

successive avera

Can be calibrate \we particulate concentration in mgm?-2 directly. Gives
d@readmgs over set sampling periods. Absorption coefficient is

independ rticulate composition. Typical range about 2 to 2,000 mg m-3

dependin@ ampling rate, frequency and integrating time.

Extractive light-scattering

Iow particulate concentrations. Extractive part of the system may retain
pa tes Manufacturer’s data: range 0-1000 mg m-3; LOD 0.02 mg m-3;
ucibility 0.5% FSD.

1BS EN 13284-2 is for calibration of particulate CEMSs. It should be
incineration installations under the IED. For other processes the
QAL3) but a reduced number of parallel measurements may

in conjunction with BS EN 14181. It is applicable to large combustion plant and waste
ing quality assurance should follow the principles of EN 14181 (i.e. QAL2/AST and
acceptable. The table below summarises this:

Spread of data (Spread > 15% of ELV)

X

w to high level cluster (emissions
er than 30% of daily average ELV)

Low-level cluster (emissions not more than
30% of daily average ELV; linear regression
produces R?<0.9)

time, system integrity
o Verify CEMs read zero at zero emissians
e 9+ SRM repetitions over 2+ da

e Calibration function plus SE @al tests

e Functional tests annually: linearity, resp(@\

¢ Functional tests annually: linearity, response
time, system integrity

o Verify CEMSs read zero at zero emissions
e 5 SRM repetitions over 1 day

e Average of SRM and CEM data to derive a
calibration factor

e Functional tests annually: linearity, response
time, system integrity

o Verify CEMs read zero at zero emissions
e 3 SRM repetitions over 1 day

o Calibrate with surrogates if possible; if not,
then set the CEMs gain-factor to respond to
process changes.

M2, Version 12, Au§ 2017

Page 32 of 86
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*

2BS EN 15859 is for the certification of CEMs used to ensure that particulate abatement is working satisfactorily. It uses the te dust monitor to
describe CEMs that can be calibrated in mass concentration units (e.g. mg/m?) and used for particulate arrestment control s It also includes dust
leakage monitors, which indicate a potential problem with a particulate arrestment plant by monitoring a change in the emissiop# levels or a change in the

magnitude of the particulate pulses created by the cleaning process. @
Table S1.1 CEMs (continued) \Q
Substance Type of CEMs | Monitoring technique Further nqg?nation
Particulate In situ Light scattering Light scattering systems can be confi to classify particulate numbers into size
matter size ranges. Gives a measure of partic oncentration, but after calibration with the
fractionation SRM. a\
Extractive Photometric analyser Low range. Suitable for IoHaMIarge, wet processes. Range 0 — 40 mg m=.
PCBs Extractive Continuous, automatic Installed on some proc %é)n Europe. Integrated samples obtained over averaging
isokinetic batch sampler periods ranging from 1h to\30 days. Samples at multiple points along one sample

line. Though sampl btained continuously, results are not instantaneous: the filter
and absorption i2*need to be sent off for analysis.

Phenols and In situ DOAS System can tf‘sga to measure phenol. Typical range up to 1,000 mg m-3. Typical
cresols LOD 1 mg

Extractive None in common use for

phenols and cresols \®
specifically
. \
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Table S1.1 CEMs (continued)

M2: Monitoring of Stack Emissions to Air

*

N

Substance

Type of CEMs

Monitoring technique

Further information | —

Sulphur dioxide

In situ

NDUV

Low limit of detection. Wide linear response range. hoff response times. Monitoring
by NDUV is the most commonly encountered CE@ chnique. The principal
interference is from H20 and NOx.

DOAS Simultaneous monitoring of SOz along wit other pollutants. SOz range up to
2000 mg m3, LOD <1 mg m. o~
NDIR Low limit of detection. Wide linear re range. Short response times. Common

COz, NO, NO2, SOs, unsaturated
itro-compounds. Not suitable for ducts with high

interference from particulates, H20,
hydrocarbons, aromatic amin
moisture content.

Extractive UV-fluorescence and UV- Particulates and H20 can @emvoved by conditioning, leaving NO: as the principal
absorption interferent.

IR-absorption Particulates and H20_can Be removed by conditioning, leaving as the principal
interferents CO, C , NO2, SOs, unsaturated hydrocarbons, aromatic amines
and nitro-compo .

Electrochemical Typical rang to 5000 ppm. Can also be installed in situ in duct. Requires periodic
purging wi e air for the sensor to recover. Removal of particulates and moisture
is nece 0 stop the condensation and dissociation of salts.

FTIR us monitoring of many pollutants. Faster response and fewer

nces than NDIR.
Sulphur trioxide | Extractive UV-fluorescence and UV- rement of SOz and other sulphur species using catalytic converters.

and total absorption ¢ rticulates and H20 can be removed by conditioning, leaving NO2 as the principal
sulphur interferent.

Flame photometric | Measurement of total sulphur. Non-selective: measures total sulphur species and not

AO) specific to SO2.. Main interferents H20 and SOs.
Conductivity ‘O Not in common use in the field. Non-selective. Interference from other sulphur
o species and any other ionic species.

FTIR % Simultaneous monitoring of many pollutants.
Thiols See mercaptans O\
Total cyanide See hydrogen cyanide Q,‘

Total reduced
sulphur

See hydrogen squhid@
AN

Total sulphur

See sulphur trioxigeN\J"

O

\(‘\\‘b
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Table S1.1 CEMs (continued) (\'\
Substance Type of CEMs | Monitoring technique Further informatioﬂy
VOCs (total) Extractive FID (low range) Validated on waste incinerators. High specificity to g)cg Developed for incinerators.
Different response factor for each VOC species. @ ble for low ranges of VOC
concentrations (0-20 mg m-3). Interference fh@xygen (reduced by mixed Hz/He
fuel).
FID (high range) Extensively validated for solvent proce \.I:th specificity to VOCs. Different
response factor for each VOC specie§. $titable for VOC concentrations up to 500 mg
m. ~\)
VOCs In situ DOAS Can measure certain specifics@ﬂc compounds, e.g. benzene, toluene and xylene.
(speciated) Benzene typical range 0- 0 mig m3, LOD 1 mg m-3; toluene typical range up to
1,000 mg m=3, LOD 0.5 3, xylene typical range up to 1,000 mg m=3, LOD 1 mg
m-3,
Extractive Continuously-cycling GC Can measure virt y individual organic compounds, many simultaneously. Not
with appropriate detector | truly continuous, successive measurements in cycles of about 30 minutes. LOD
(FID, ECD) typically 1 ppg™\,
FTIR Can mea Rwany individual organic compounds simultaneously, with better
specifiq@* D (at ppb level) and better response than NDIR.
NDIR Ca asure many individual organic compounds, but only one at a time. Instrument
% e set up specifically for the determinand of interest. Interferences from H20

other species with overlapping spectra.

3

Water vapour In situ &‘In widespread use. Interference from other IR absorbing species, e.g. CO, CO:
(moisture) - hydrocarbons.
@"O Simultaneous monitoring of H20 and other pollutants. Typical range 0-30%, LOD
o\ approx. 0.1% volume.
Extractive % N Interference from CO, COz2, hydrocarbons.

Simultaneous monitoring of H20 and other species. Faster response than NDIR.
Typical range 0 to 35%.

NDIR
DOAS
NDIR
FTIR
T\{g}agnetic analysers Range 0-100%, typical resolution 0.1%. H20 calculated from the difference between
! two analysers, one measuring Oz wet and other dry. Not a direct measurement of

; ) moisture. Interferences from high concentration of NO2, NO and hydrocarbons.

\(‘\\‘b
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*

Section 2: Periodic monitoring standards Q'\
Table S2.1. Aldehydes N\
Type of Monitoring technique Monitoring standard Further iQor%ation
monitoring g,
Manual None in common use for Sampling BS CEN/TS 13649, Moisture may restrict the use orbent tube method. Under these
aldehydes specifically analysis to NIOSH 2016 or circumstances it may be po& to adapt an impinger method.
NIOSH 2539 for aldehyde?!
screening AO
Isokinetic? extraction and US EPA Method 316 Method specifi aldehyde. Intended for the mineral fibres industry.
impingement into water. Range 11.3 ppb 3,000 ppm on a 0.85 m3 sample. Interference from
Analysis by spectrophotometric other aldeh , sulphites and cyanides.
determination of pararosaniline Samples e maintained / transported below 8°C.
derivative
VN
Instrumental | Extractive sampling and portable | TGN M22 \\
FTIR analyser O

measure formaldehyde using a method based on BS CEN/TS 13649. The reas r using an alternative method must be explained in the SSP.
2Formaldehyde entrains in moisture droplets, so should be sampled isokineti hen in-stack moisture levels are above saturation for a given temperature.
It is not necessary to sample isokinetically if the stack gas does not contat oplets.

\gx‘@

N
1US EPA Method 316 is the preferred method for measuring formaldehyde. Hog@br practical reasons (e.g. on very small ducts), it may be acceptable to

&
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Table S2.2 Amines and amides

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring technique Monitoring Further inWion
monitoring standard K
Manual Non-isokinetic sampling! and

collection on silica gel tubes.
Analysis by GC

for analysis

NIOSH 2002 and NIOSH 2010 | range up to 60 mg m; LOD

m-3. Stack gas must be dried before
reaching the silica gel tube

Sampling BS CEN/TS 13649, Measures aromatic and alir:i@g"iés. For a 0.003 to 0.030 m? sample:

FTIR analyser

TGN M22

AJ agr .
Able to separate and a@a specific amines.

EN 13284-1.

IWhere both vapour-phase and particulate-phase/aerosol amines are to be measured, isokinetic sa@ill be required following the main principles of, BS

Table S2.3. Ammonia

N

Type of Monitoring technique Monitoring Q Further information
monitoring standard O
Manual Non-isokinetic and isokinetic | Procedural

sampling and impingement
into dilute H2SO4. Analysis
by ICL.

requirements of BS
EN 14791 for
sampling

salts. Typi easurement uncertainty £30%. Stainless steel is not a suitable probe

Wwill mea@l NHs and NH4* species reaching the impinger. Interference from NH4*
materiadﬁ may result in losses of NHs.
N\

Instrumental | Extractive sampling and
FTIR analyser

TGN M22

@Ba‘ble to gas-phase NHs. Reduced interference compared to NDIR. Typical range up
0 mg m=3.

1 Ammonia may be analysed using IC

<P
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Table S2.4. Arsine

M2: Monitoring of Stack Emissions to Air

Type of Monitoring technique Monitoring Further mformatgp"
monitoring standard L
Manual Extractive sampling onto Procedural The NIOSH method uses the same sorbent t %!térial as CEN/TS 13649 (a solid

sorbent, solvent extraction
and analysis by AA with a
graphite furnace.

requirements of

sampling and
NIOSH 6001 for

CEN/TS 13649 for

BS

e working range is 0.001 to 0.2 mg/m3
for a 10-L air sample. Other arsenic com (gases or aerosols) may be collected on
the sampler and would be erroneously

the charcoal tube may be used to re

analysis. g,
Benzene (see VOCs) q
Table S2.5. Bioaerosols - '\
Type of Monitoring technique Monitoring O\\ Further information
monitoring standard
Manual Isokinetic sampling and VDI 4257 Blatt 2

impingement into saline
solution. Analysis by
serial dilution and
cultivation onto agar
plates followed by
counting of visually
recognisable colonies
following cultivation.

&

GO

The meth s'validated on a dry process (intensive pig farm)!. An additional impinger
may for processes with elevated moisture levels. If necessary the impinger and

rinse n can be filtered before analysis, so that the limit of detection is reduced.
Th ard defines several field blank pass criteria. A field blank is satisfactory if the
ate value is not greater than 3 CFU/plate count.
e culture and enumeration of samples must be carried out in accordance with
nvironment Agency TGN M92,

VDI 4257 part 2 assessed measurement uncertainty in terms of relative standard deviation
based on 20 duplicate measurements. It states an uncertainty of 30% for bacteria and
23% for fungi. As a guideline these uncertainty values can be applied as follows:

- 30% for total bacteria onto half strength nutrient agar
- 23% for Aspergillus fumigates cultured onto malt extract agar.

L In the UK the method has been trialled on a me@tal and biological treatment plant for municipal and garden waste.

2 EA TGN M9: Monitoring bioaerosols from reg

&

coc’
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facilities is available from www.mcerts.net.
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Table S2.6. Biomass (biogenic) and fossil derived carbon dioxide (ratio)

M2: Monitoring of Stack Emissions to Air

Type of
monitoring

Monitoring
technique

Monitoring
standard

*
AN
Further information

- ?],V

Manual
method

Absorption of
COz2in liquid
and solid
alkaline media
or collection of
gas in gas bags,
canisters or gas
bottles. Analysis
by accelerator
mass
spectrometry,
beta-ionization
or liquid
scintillation.

EN ISO 13833

Method for the determination of the ratio of biomass and fossilédrived CO:z2 in the COz2 from stack
gases. The method is based on measurement of radioc 14C isotope).
The lower limit of application is a biogenic to total CO2 tion of 0.02. The working range is a biogenic

%)

to total CO: fraction of 0.02 to 1.0.

Instrumental
method

Uses a
mathematical
model based on
stack gas and
fuel
composition.

ISO 18466

A\
Method for the determi n of the biogenic fraction in CO:in stack gas. The method is used when:
- the eleme{ omposition of moisture, ash free biomass and fossil matter in fuel used is

known
- onli Q gas composition measurements (Oz and CO) are available at a high accuracy
Online mod@ of the biomass fossil ratio enables the biomass ratio to be controlled and reported.
The gen model data can be verified using radiocarbon (14C) determined biomass fuel ratio. The
result omplementary to the results obtained with ISO 13833.

Table S2.7. Carbon dioxide

@‘ﬂ

Type of Monitoring Monitoring\'\ Further information
monitoring technique standar
Instrumental NDIR analyser ISO 1203 Interference from CO, water, methane and ethane.

FTIR analyser

ISO 17839/ TGN

M)

Simultaneous monitoring of CO2z along with many other pollutants. Faster response than NDIR. Typical
range 0 to 35%.

1ISO 12039 is a performance stand Ur‘automated emission- monitoring equipment. When the standard is applied to periodic stack-emission monitoring

equipment, it should be supplem

<P
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by a set of work instructions addressing the sampling and quality control procedures.
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Table S2.8. Carbon monoxide

M2: Monitoring of Stack Emissions to Air

Type of Monitoring Monitoring Further information (DJ
monitoring technique standard L

Instrumental Extractive BS EN 15058 Validated on waste incineration, co-incineration and large vtion installations. Range 0 to 400 mg
sampling and m-2 for LCP and 0 to 740 mg m-3waste incinerators. Ove certainty should be less than + 6% of the
NDIR analyser daily ELV. Possible interference from water vapour, ca ioxide, nitrous oxides and hydrocarbons.
Extractive AM for BS EN N
sampling and 150581 CJ
electrochemical @
cell 0
Extractive AM for BS EN Measurement of CO and COz. Low

sampling and
FTIR analyser

15058 /TGN M22

times. Reduced interferences comp

O%Nide range (typically up to 10,000 mg m-); short response
0 NDIR

1BS EN 15058 is a reference method based on using a NDIR analyser. An AM may be @?orovided the user can demonstrate equivalence to EN 14793 -
"Intralaboratory procedure for an alternative method compared to a reference method., t6=the satisfaction of UKAS and the regulator. Further information is
available in the MCERTS performance standard for organisations.

Table S2.9. Carbon disulphide

N

Monitoring stand&,
O\

Type of Monitoring technique Further information
monitoring
Manual Non-isokinetic sampling and Procedural re Xﬂ‘wents Method for CSz. A drying tube is required as water vapour may cause
collection on charcoal sorbent of BS CEN/ 3649 for | interference
tube. Analysis by GC samplin@lo H 1600
for anaiyS
Instrumental Portable GC with appropriate U % Method 15 Method for carbon disulphide (CSz). Range 0-1,000 ppm, LOD 0.5 ppm. CO,

detector (GC-FID, GC-PID, GC-
ECD) &

CO:2 and water vapour interfere.

<P
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Table S2.10. Carbonyl sulphide

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring technique Monitoring standard Further infor@b’n
monitoring L
Instrumental Portable GC with appropriate US EPA Method 15 Method for carbonyl sulphide (COS). %@é 0-1,000 ppm, LOD 0.5 ppm. CO,

detector (GC-FID, GC-PID, GC-
ECD)

CO:2 and water vapour interfere.

QO

Extractive sampling and FTIR
analyser.

TGN M22

N

Table S2.11. Carboxylic acids

G
\'4)

Q

‘ éd Further information

Type of Monitoring technique Monitoring standard
monitoring
Manual Extractive sampling onto Sampling BS CEN/TS Method f(@c‘etic acid only. For other carboxylic acids, use appropriate
carbon sorbent. Solvent 13649, NIOSH 1603 for occu@nal hygiene or HSE methods. Typical LOD 5 mg m-3. Typical range up
desorption by formic acid, analysis to g m-=3, Precision of analysis +6%.
analysis by GC-FID
Instrumental Extractive sampling and FTIR @'ed to measure carboxylic acids, such as methanoic acid (formic), ethanoic acid

analyser

(acetic), propanoic acid (propionic) acrylic acid (prop-2-enoic).

Chromium (VI) (see metals)
Cresols (see phenols)
Diisocyanates (see isocyanates)

\{‘\\"o

M2, Version 12, August 2017

TGN M22 {\
‘{Sé

Page 41 of 86




Table S2.12. Dioxins and furans

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring technique Monitoring standard Further infor%
monitoring K
Manual Isokinetic sampling , BS EN 1948: Parts 1,2 | A standard reference method validat \Jaste incinerators. Validated at

extraction, then GC-MS
analysis

and 3! and MID

concentrations around 0.1 ng m-2in articulate concentration range 1-15mg
m-3. The scope states that it can lied more widely, with practical experience

showing that it can be used on @ e range of processes and stack gas

1The Standard is in three parts covering sampling, extraction and quantification.

Formaldehyde (see aldehydes)
Flow (see Gas Velocity)

Table S2.13. Gas velocity

conditions. ®C)
Q
N
o)

Type of Monitoring Monitoring Q Further information
monitoring technique standard $
Manual Several different BS EN 16911-1 Velocity mea i&n at point: differential pressure devices and vane anemometer.
techniques with and MID?* 2 Determinatio% wirl: differential pressure devices able to determine flow direction (S-type, 2D or
different 3D Pitot ’
applications are Periodi¢ surement of average velocity in a duct: grid of point velocity measurements, tracer
specified. diluti nique, tracer transit time technique, calculation approach based on energy consumption.

Caljbration of AMS for average velocity or volume: grid of point velocity measurements, tracer
i n technique, tracer transit time technique.

_
1The MID for EN 16911-1 provides information on tge\?ﬁ%tion of EN 16911-1 to flow measurements used for isokinetic sampling and for calculating mass

emissions from manual monitoring.

2PD CEN TR 17078 — Guidance on the applicatj QEN 16911-1. This technical report provides guidance on applying the standard to a range of applications

with different uncertainty requirements (i.e. cali

<P
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ion of CEMs and emissions trading).
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M2: Monitoring of Stack Emissions to Air
L 2
Q\
Y
%,

Table S2.14. Halogens and halides (excluding methods specific to monitoring HCI and HF?) S%
Type of Monitoring Monitoring Further info@ n

monitoring technique standard 2‘

Manual Non-isokinetic or US EPA Method | Method 26 for gas-phase halides only; method r both aerosol and gas-phase halides. Also
isokinetic sampling | 26 (non- suitable for halogens with H2SO4 scrubber e halides. LOD 0.1 ppm. Potential cross-
and impingement. isokinetic) and interference from carbonates, which may b sent in equilibrium with dissolved carbon dioxide. The
Analysis by ion 26A (isokinetic) | methods may be used for HBr, Cl2 and@
chromatography N
FTIR TGN M22 Reduced interference compared t NDIR and faster response. Measures gas phase halides only, not

halide salts. Does not measure(@ens.

MS None published | Can measure gas-phase

%B?zl. Fast response and wide analysis range. Measures gas phase only,
not halide salts.

1For methods specific to the monitoring of HCI and HF, refer to tables for H@HF.

Heavy metals (see metals)
Hexavalent chromium (see metals)

Table S2.15. Homogeneity test

g\‘@

Type of Monitoring Monitoring @é Further information
monitoring technique standard
Instrumental | Measurement of A homogeneity test is used to determine if a stack gas pollutant concentration is sufficiently

gas concentrations
using a grid
measurement
approach

r

BS EN 1525
(section 8.%\'
and g@

O

homogenous at the sample plane location to enable it to be sampled from a single point. It usually
requires the use of two instrumental analysers, which record gas concentration changes across the
sample plane and over the time of the homogeneity test. Statistical analysis is used to show if the gas
can be considered homogenous or in-homogenous. If the gas is in-homogenous an alternative location
or a grid measurement approach should be used. This approach is also used to determine the location
of CEMs.

O\J

<P
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M2: Monitoring of Stack Emissions to Air
L 4

Table S2.16. Hydrogen chloride?! K
Type of Monitoring technique Monitoring Further i %atlon
monitoring standard

Manual Isokinetic / non-isokinetic | BS EN 1911 Measures total gaseous chlorides, r as HCI. Typical range 0-1000 mg m-3(can be
sampling and varied with volume). “External un anty” (reproducibility) at 5 mg m-3 approx. +30%.
impingement. Analysis
by titration, spectrometry Q
orliC

Instrumental Extractive sampling and AM for BS EN 1911/ Measures HCI, specifitﬁ{y’e)ather than total chlorides. Measures gas phase HCI only.
NDIR analyser CEN/TS 164292 Interference from p‘q\rticu tes, H20, CO, CO: and any other IR-absorbing components.
Extractive sampling and AM for BS EN 1911/ Measures HCI, '?fcally, rather than total chlorides Simultaneous monitoring of HCI
FTIR analyser TGN M223 along with man er pollutants. Faster response and fewer interferences than NDIR.

Typical raq@p to 1000 mg m-3. Measures gas phase HCI only.

1 For halogens and halides, excluding HCI and HF, see table for halogens and

2 CEN TS 16429 is a technical specification that provides an instrumental m rthe measurement of HCI using an infra red technique. It may be used as
an AM provided the user can demonstrate equivalence to EN 14793 - "Int atory procedure for an alternative method compared to a reference method",
to the satisfaction of UKAS and the regulator. Further information is a |n the MCERTS performance standard for organisations.

STGN M22 is available from www.mcerts.net.
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M2: Monitoring of Stack Emissions to Air

O

Table S2.17. Hydrogen cyanide?

Type of Monitoring Monitoring Further informatioqlll
monitoring technique standard {
Manual Isokinetic sampling? and | US EPA OTM2934 | Will measure total CN- species reaching the impi SZ& filter is used to remove particulate
impingement. Analysis cyanide. High concentrations of acidic gases, i g COz2, may lower the pH of the sodium
by ion chromatography hydroxide impinger solution. It is crucial that of the impingers are maintained at 12

throughout the sampling, as such they sho@ e measured at the end of the test.
Madifications for sampling highly acidic (aj gases are given in the method. Lead acetate
solution may be used to remove sulp Interferences. Oxidizing agents (which may
decompose cyanides in the impio utions) may be removed during sample recovery by
adding ascorbic acid.

The method specifies a 6. H reagent solution. It gives a warning about safety issues
using a solution of this stre . It also states that it may become difficult to analyse because
of its viscosity. Due to ths, it is acceptable to use a weaker NaOH solution, provided the pH
of the impingers aren&d at the end of the test to ensure the required pH has been
maintained. An impi efficiency test (<5% HCN in the last impinger) is also a useful quality
assurance che ¢

The followin ges to the method are acceptable®:
-t necessary to carry out a field blank spike
- % ot necessary to measure CO2 concentration of the stack gas for non-combustion
cesses
. ,\'\Q a titanium probe and filter holder may be used instead of glass.

\
Instrumental FTIR TGN M22 Fpplicable to gas-phase HCN.

manner, detailed instructions for sample digestion, analysls, and interpretation of results must be added to the method.

2Sampling is conducted isokinetically because of thgss’icg ficant solubility of HCN in water droplets, such as after with wet scrubber systems. If it is proved that
droplets are not present in the stack then non-isokidgtic sampling may be carried out.

8This test method is an update of CTM33. It w
during the test. Other modifications improve
4Validation showed that the capture of HCN,i
including COa.

5The method specifies several require@gnts that are required by US EPA methods but are not required by European or ISO methods.

O
\(‘\\‘b
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1US EPA OTM29 may be used to obtain an estimate of p; iCpllate cyanide by recovering and analyzing the particulates on the filter. To extend OTM29 in this

ated to address issues related to maintaining a pH of = 12 in the sodium hydroxide (NaOH) impingers
covery, analytical, and quality assurance procedures.
impingers is strongly affected if the pH of the NaOH impinger solutions is reduced by acidic stack gases,




M2: Monitoring of Stack Emissions to Air

*

Table S2.18. Hydrogen fluoride? (\'\
Type of Monitoring technique Monitoring Further informa@"
monitoring standard L
Periodic Isokinetic or non-isokinetic | BS ISO 15713 and Applicable to all stacks with fluoride concenyr, {04 below 200 mg m- but may be
manual sampling and MID applied to higher concentrations if the abs efficiency of the bubblers is checked.
techniques impingement. Analysis by The detection limit of the test estimated .1 mg m3 based on sample volume of 0.1
ion selective electrode? mg m3. Used to measure gas phase sokinetic sampling required if droplets
present. The method does not meagurgTtluorocarbons or fluoride salts. The amount of
fluoride is expressed as hydro?e@J ride.
Periodic Extractive sampling and None published Can measure gas—phas% Does not measure fluoride salts. Interference from
instrumental NDIR analyser particulates, H20, CO ny other IR-absorbing components.
techniques?® ~
Extractive sampling and TGN M22 Applicable to ga@u’se HF. Reduced interference compared to NDIR and faster
FTIR analyser response. I\/Ieoas s gas phase only, does not measure fluoride salts.
L\
1 See Table 10 for halogens and halides excluding HF and HCI @ i
2lon chromatography may be used in conjunction with BS 1ISO 15713 Q
SInstrumental techniques are normally not appropriate for routine stack en' {@ s measurement of HF because it is technically challenging to generate

certified HF reference material for checking a portable emissions morit% ystem’s integrity.

N

&
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Table S2.19. Hydrogen sulphide

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring technique Monitoring standard Further infor@b’n
monitoring L
Manual Non-isokinetic sampling. US EPA Method 11 Method for H2S. Compounds that red @Hine or oxidize the iodide ion will

Impingement in cadmium
sulphate. Analysed
idiometrically.

e method involves using hazardous
erations. Zinc acetate is commonly used
hate. Range 8 mg/m? — 740 mg/m3. An
impinger containing H202 i to remove SO2. This impinger may be omitted
from the sample train, if gg» 392 is present in the stack gas.

interfere if collected in the impinge
materials and potentially hazard
in the UK in place of cadmiu

Non-isokinetic sampling and
collection on charcoal tube.

Procedural requirements
of BS CEN/TS 13649 for
sampling, NIOSH 6013
for analysis

Method for H2S. SO@%sitive interferent, so the method is not suitable for
some combustiopproc&sses. Useful for odour work because of lower LOD than
US EPA Methyo\%NIOSH 6013 states LOD for 20 litre sample is 0.9 mg/m3.

Portable GC with detector (GC-
FID, GC-PID, GC-ECD)

US EPA Method 15

Method fo . Range 0-1,000 ppm, LOD 0.5 ppm. CO, CO:2 and water vapour

interfer{\

Table S2.20. Isocyanates

-

Q

Type of Monitoring technique Monitoring standard (b, Further information
monitoring R\
Manual Isokinetic sampling onto a US EPA CTM 36 " | Standard refers to TDI, MDI, HDI and IPDI (but may also be used for other
filter coated with 1-(2-pyridyl) (sampling), CT isocyanates). 1-2-PP may suffer from impurities that cause interference.
piperazine. Analysis by HPLC | (analysis)t 2 Alcohols interfere. A titanium probe and filter holder may be used instead of
P glass®. An out of stack filter may be used.
Instrumental Continuously sampling ion- Able to separate and analyse specific di-isocyanates. LOD down as far as 5 ppb.

mobility spectrometer

None pWed
\

1US EPA CTM 36 has been validated using US EP
2US EPA Method 207 may also be used. It req
3The use of titanium for sample trains is not spesj

600\*@

<P
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¥

od 301.

use of an impinger train and is generally more complex than US EPA CTM 36.
in US EPA methods. However, it is acceptable in CEN and ISO monitoring standards.

M
%
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Mercury (see metals)

Table S2.21 Mass emissions and emission factors

M2: Monitoring of Stack Emissions to Air
L 2

Type of Monitoring technique Monitoring standard Further i@ ation
monitoring
Manual / Describes measurement BS EN ISO 11771 Emission factors can be used t ulate and report mass emissions. These
instrumental procedures to determine mass mass emissions can be used ission trading, pollution inventory reporting

emissions and emission
factors.

and air quality modelling. c)

Table S2.22. Mercaptans (thiols)

=~

Type of Monitoring technique Monitoring standard Further information
monitoring O\

Manual Extractive sampling onto a BS CEN/TS 13649 for O‘
desorption tube with a sampling. None published
molecular sieve or a dual bed | for analysis Q
sorbent ATD tube with an inert $
coating designed for sulphur (D
compounds, including &
mercaptans. Analysis by GC- \Q
FPD or GC-MS. .‘5\"
Extractive sampling onto a None publish@OSH
mercuric acetate treated filter, | 2542 for analy’
analysis by GC-FPD or GC- %
MS YO

Instrumental Continuously sampling Non&\lblished Able to separate and analyse mercaptans, H2S, SOz and organic sulphides. LOD

chromatographic S gas
analyser

N

down to 2 ppb.

Qo

00((\
60
\{‘\\6
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Table S2.23. Metals

M2: Monitoring of Stack Emissions to Air

O

(AN
Further informa i\f{

Type of Monitoring technique | Monitoring standard
monitoring
Manual Isokinetic sampling and BS EN 13211 (see MID

impingement. Analysis by
CVAAS, ICPMS or AFS.

for BS EN 14385%)

was validated on the incineration of t a concentration range 0.001 to 0.5 mg
m-3of Hg.

Method for the determination of Hg@a@npounds in all phases. The method

>

Isokinetic sampling and
impingement. Analysis by
ICPMS, ICP-OES or
AAS.

BS EN 14385 and MID*

Method for the determination
Sb, TI, V and other metals

Q

emissions of As, Cd, Cr, Co, Cu, Mn, Ni, Pb,
cified in MID 143852.

Isokinetic sampling and
impingement. Analysis by
IC.

US EPA Method 0061

This method provi ocedures for the determination of hexavalent chromium?3
emissions from h dous waste incinerators, municipal waste incinerators

and sewage e incinerators. The lower limit of the detection range can be
extended t g/m3 with a 3 m3 gas sample (0.1 ppb in solution).
The standare/refers to US EPA M7199 for additional requirements on sample

trans @storage, preparation and analysis. Samples are transported and stored at
<5°$

analysis methods may be used, such as colorimetry, provided the impinger

1 A MID has been produced that provides an option for measuring m
2The scope of the standard can be extended to cover other metals

fractionation). The PMyo fraction collected can be analysed for h

&ent specified in the method is used.
e@\h other metals.

lent chromium using standard analysis techniques for metals in solids.

D).
SHexavalent chromium in fine particulate matter (i.e. PM1o fraction!‘gqsg%e determined by using BS EN ISO 23210 (see table on particulate matter size

SN

&
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Table S2.24. Methane

M2: Monitoring of Stack Emissions to Air

O

(AN
Further informa i\ff

Type of Monitoring technique | Monitoring standard
monitoring

Manual Extraction into a gas BS EN 25139 Validated up to 1500 mg/m3. Validated@as engine at a waste water purification
sampling bag or canister. plant. @
Analysis by GC-FID. P

Instrumental Extractive sampling and BS EN 25140 Validated on a gas engine at aq%é water purification plant.
FID analyser A catalytic converter is use idise all organic compounds in the extracted gas,

with the exception of ’

Extractive sampling and TGN M22

FTIR analyser.

Table S2.25. Methanol

Simultaneous moni@g\lﬁh many other pollutants.
N =
N\

QO

S

Type of Monitoring technique | Monitoring standard Further information
monitoring

Manual Extractive sampling onto | Sampling BS CEN/TS NfISH 2000 uses a silica gel tube. OSHA 91 specifies an anasorb carbon tube.
sorbent and analysis by 13649, analysis NIOSH é}
GC. 2000 or OSHA 91 ,\'\Q

N\

Instrumental Extractive sampling and TGN M22 Q‘

FTIR analyser. Ch

Moisture (see water vapour)

\{‘\\6
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Table S2.26. Nitric acid vapour

M2: Monitoring of Stack Emissions to Air

O

(AN
Further informa i\f{

Type of Monitoring technique | Monitoring standard
monitoring §

Manual Non-isokinetic sampling USEPA M7d Measures NO, NO2 and nitric acid va be used for processes, which may
into impingers containing emit nitric acid vapour emissions, su he surface treatment of metals.
alkaline potassium
permanganate. Analysis @
by IC O

N
Instrumental Extractive sampling and TGN M22

FTIR analyser

Measures nitric acid vaWspecifically, rather than total oxides of nitrogen.

{\\"0
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Simultaneous mo@g ith many other pollutants.
4
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Table S2.27. Nitrogen monoxide and nitrogen dioxide

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring Monitoring standard Further informatibn™~
Monitoring technique L
Instrumental Extractive sampling and | BS EN 14792 Validated on waste incineration, co-incinefat ﬁd large combustion installations.
chemiluminescence?!: 2 Range 0 to 1300 mg m3 for LCP and 0 t mg m-3for waste incinerators. Overall
analyser uncertainty should be less than + 10% daily ELV.

Extractive sampling and
NDUV analyser

Extractive sampling and
NDIR analyser

Extractive sampling and
electrochemical
analyser

AM for BS EN 147922

Measurement of NO and NOx2. Th@éﬁpal interference is from SOz

Measurement of NO and r\w&e range (typical NO to 5,000 mg m-3, NOz2 to 5,000
e

mg m-=3). Main interfere particulates and H20, which can be reduced by precise
selection of wavelenqgt t suitable for high-moisture gases Main interference from
particulates and H20O, h can be removed by conditioning.

Measurement of and NOztypically up to 3,000 ppm and 500 ppm, respectively.

O

N

Extractive sampling and
FTIR analyser

AM for BS EN 14792/
TGN M22

s‘monitoring with many other pollutants. Faster response and subject to
rence than NDIR. Measurement of NO and NO..

1For processes that have a significant amount of NO2, it may be advisabl u
relative importance of the NO2 and the potential difficulty in maintaining t

stuffs in the chemical industry or the brightening of aluminium comp

analyser is only used for monitoring processes that have less th

2 The determination of the NO2 / NO converter efficiency should be’é

year. If an analyser is used on processes with over 10% NO2/
established by the monitoring organisation. The frequency j
the concentration of NO2 encountered and the expected li
the monitoring work carried out on processes with ove
EN 14792. If an analyser is used on processes wit

last successful determination of the NO2 / NO

a different analytical technique to chemiluminescence, due to the greater
% NO:2 to NO converter efficiency. Examples include the production of dye-
In acid baths.
d out by an organisation that has MCERTS accreditation for EN 14792. If an

% NO2/ NOXx ratio, the NO2 / NO converter efficiency is demonstrated at least every

ratio, the determination of the NO2/ NO converter efficiency is carried out at a frequency
ed on the length of time the analyser is used on processes with over 10% NO2/ NOx ratio,

an of the converter material. If the NO2 converter fails to meet the conversion efficiency, then all

% NO2, since the last successful determination of the converter efficiency is out of compliance with

0% NO2 / NOx ratio, the NO2 / NO converter efficiency must also be determined before the material

rter efficiency, is out of compliance with EN 14792. The converter efficiency may be checked using a

ver
in the converter is replaced. If it fails to meet th@rﬁ&onverter efficiency, then all the monitoring work carried out on processes with over 10% NO2, since the

cylinder of NOz, as soon as practicable aft

converter between carrying out gas phas
8BS EN 14792 is a reference method

"Intralaboratory procedure for an al

onverter efficiency has been proven as acceptable. This cylinder may then be used to provide checks of the

e
itration checks.

on chemiluminescence. An AM may be used provided the user can demonstrate equivalence to EN 14793 -

available in the MCERTS perforr@ standard for organisations.

<P
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Table S2.28. Nitrous oxide (Dinitrogen monoxide)

M2: Monitoring of Stack Emissions to Air
L 2
A

Type of Monitoring Monitoring standard Further inforr@tiyn
monitoring technique @
Instrumental Extractive sampling BS EN ISO 21258 Validated on a sewage sludge incinerat N20 concentrations up to 200 mg/m3.

and NDIR analyser

eed to be measured alongside N20, so that

Interference from CO and CO:2 (CO:2
@ur must be removed.

it can be compensated for). Water
P

Extractive sampling
and FTIR analyser

AM for BS EN ISO 21258 /
TGN M22

Simultaneous monitoring wi y other pollutants.

Table S2.29. Odour

N

Type of Monitoring Monitoring standard §‘ Further information
monitoring technique ~
Manual Extractive sampling BS EN 13725 and MID

into inert containers.
Assessment by
olfactometry using
an odour panel.

may, ed to measure the emission rate of odorous emissions from stacks.

&

Thew‘easurement is the European odour unit per cubic metre (oue/m?3). Method

Table S2.30. Oil mist

\'5

N

Type of Monitoring Monitoring st@ard Further information
monitoring technique 4§
Manual Isokinetic sampling, ith analysis | This technique measures fume and condensed vapours, not volatiles. Sticky

extraction into
cyclohexane, then
gravimetric analysis.

?\O

Q)

BS EN 1328
based oéQHS 84.
N

<4

particulates can foul sampling equipment leading to low recoveries unless precautions
are taken (e.g. use of an in-stack filter). No published standard covering entire
technique, hence no overall technique performance has been calculated.

MDHS 84 only includes analysis of oil mist collected on a filter. In order to comply with
EN 13284-1, it is necessary to analyse oil mist collected on the equipment upstream of
the filter.

The sample train may be set up with an out of stack filter at ambient temperature. This

indicative method can be used to identify if oil mist is contributing to a visible plume.

’\6-
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Table S2.31. Oxygen

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring Monitoring Further information (.1/\"
monitoring technique standard {
Instrumental Paramagnetic BS EN 14789 Validated on waste incineration, co-incineration and mbustion installations. Range 5 to
analyser 25% O2. Overall uncertainty should be less than + the measured concentration.
Zirconium cells AM for BS EN Interference from CO and hydrocarbons if thej @ﬂgentrations are in the same order as oxygen.
147891 Intended for use in the range of up to 25%)9‘Cme fraction.
Electrochemical AM for BS EN As above for CEMs.

cell

147891

QU

1BS EN 14789 is a reference method based on using a paramagnetic analyser. An AM may b@ provided the user can demonstrate equivalence to EN

14793 - "Intralaboratory procedure for an alternative method compared to a reference method
information is available in the MCERTS performance standard for organisations.

Table S2.32. PAHs

the satisfaction of UKAS and the regulator. Further

o)

o o . ; .
Type of Monitoring Monitoring $Q Further information
monitoring technique standard
Manual Isokinetic sampling | BS ISO 11338-1,2. | Range of P, I'measured dependent on spectrometer settings. A sample volume of 6 m3,
, extraction, then enable d detection limits in the range of 0.1 pg/m2to 1 pg/ms.
HPLC or GC-MS Uncer +25%.

analysis

ples may be transported at below 25°C before storage in cold conditions2.

PA‘

The regulatory authorities specify the set of PAH compounds thatshould be measured. This set may vary depending on the process or purpose of the

measurement. The monitoring organisation should ensure t

2This requirement is taken from VDI 3874:2006, Which3 at samples are transported light-protected and at ambient temperature.

<P
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Table S2.33. Particulate matter

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring Monitoring Further information(v"
monitoring technique standard L
Manual Isokinetic sampling | BS EN 13284-1 Reference method for concentrations below to 50 mg,pdHowever the scope states that it can be
followed by and MID used for higher concentrations. Primarily developed %aste incinerators, however the scope
weighing also states that it can be applied more widely. Re cibility (worst quoted) +5.7 mg m= at 6.4

mg m-2 and 30 min sample. Validated at conce ons around 5 mg m- and 30-minute sampling
duration. The overall uncertainty of the meth@omplies with the uncertainty of £30% required by

Table S2.34. Particulate matter (condensable)

""" Further information

Type of Monitoring Monitoring
monitoring technique standard (\
Manual Dilution sampling BS ISO 255971 The dilution sampling tect‘nﬁﬁe measures condensable, secondary particulate matter that is

technique

similar in character t bient particulate matter2.

11SO 25597 uses a cyclone and isokinetic sampling to measure PM1o and PMzs. | ing' a dilution sampling technique to measure condensable particulates. Under

MCERTS accreditation and the hierarchy of standards PMio and PMz.s must be
2The regulation of particulate emissions in England is based on prim
once the stack gas enters ambient air.

<P
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ed using European standard EN 1SO 23210.
culates. It does not normally take account of secondary particulates that may form
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M2: Monitoring of Stack Emissions to Air

Table S2.35. Particulate matter size fractionation? (\'\
Type of Monitoring Monitoring Further information “1;"’
monitoring technique standard L
Manual Impaction based on | BS EN ISO 23210 | Allows simultaneous measurement of <PMio to >PM ntrations and <PMas concentrations

a round nozzle two using a cascade impactor. The standard does not e the contribution of stack gas emissions
stage impactor to the formation of secondary particulate matter i ent air. It was primarily developed for
measurements of mass concentrations below 4 /m3 at STP2. However, it states that it is
applicable for particulate concentrations bet — 50 mg/m3. The standard also specifies
limitations on stack gas temperature, pres nd humidity. It is suitable for combustion sources,
49
<)

cement and steel processes. It canno d to measure stack gases that are saturated with
water vapour. It is not applicable tg-st gases where the majority of particulates are greater than

PMuo. It cannot be used for the rement of total mass concentration of particulates.
The velocity and temperature profil the sample plane is used to determine a single representative sample
point.

1EA TGN M15 provides guidance on size fractionation measurements. It also provides f@'information on the use of BS EN ISO 23210. TGN M15 is
available from www.mcerts.net.

2For stack gas emissions with particulate concentrations above 50 mg/ms3 the follow re available:
- BS ISO 25597: Test method for determining PMz.s and PM1o mass in ases using cyclone samplers and sample dilution.
- BS ISO 13271: Determination of PMio / PM 25 mass concentration ir{b as - Measurement at higher concentrations by use of virtual impactors.

S

Table S2.36. PCBs (dioxin like) « %
Type of Monitoring Monitoring $\V Further information
monitoring technique standard
Manual Isokinetic sampling, | BS EN 1948-4 e scope of the method includes dioxin like PCBs. Requires liaison with analytical laboratory to
extraction, then $ determine capture medium and analytical LOD. Validated at concentrations around 0.1 ng m-=in
GC-MS analysis total particulate concentration range 1-15 mg m=3.

<P
M2, Version 12,Au§§ 2017 Page 56 of 86




Table S2.37. Phenols and cresols

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring technique Monitoring Further inr@&fion
monitoring standard X¢
Manual Extractive sampling onto XAD- | Sampling BS CEN/TS 13649, OSHA 32: method for phenol and Is (ortho-, meta- and para-). Typical

7 sorbent resint. Methanol
desorption and analysis by
HPLC-UV detection

OSHA 32 or NIOSH 2546 for

analysis

LOD 0.05 mg m, target concé@ n 20 mg m=.

NIOSH 2546: method for
up to 60 mg m for a 002

| and cresols. Typical LOD 1 mg m-3. Range
3 sample.

1Phenols and cresols entrain in moisture droplets, so should be sampled isokinetically, when in-stack mo@\e'levels are above saturation for a given

temperature.

Table S2.38. Phosphorous and its inorganic compounds

O\

}\-

Type of Monitoring technique Monitoring Further information
monitoring standard O\
Manual Non-isokinetic extraction and Procedural For gas ph@‘only. Method specific to phosphorous trichloride (PCls). Validated

impingement. Analysis by
visible spectrophotometry

requirements of BS
EN14791, NIOSH
6402 for analysis.

analys@ethod. Typical LOD 1 mg m3. Range 1-80 mg m on a 100 litre sample.

Non-isokinetic extraction and
adsorption onto mercuric
cyanide-treated silica gel
tubes. Analysis by colorimetry

Procedural

requirements of BS

CEN/TS 13649, \
80

NIOSH 6002 for,
analysis. OS)@)
may also %us d for

@aas phase only. Method specific to phosphine (PH3). Validated analysis
ethod. Typical LOD 0.01 mg m=. Range 0.02 — 0.9 mg m= on a 16 litre sample.
Interferents include phosphorous chlorides and organic phosphorous compounds.

Isokinetic extraction and
impingement. Analysis by AAS
or ICP

analysi;a.
BS 14485 (see
X

Method for total phosphorous in all phases. Limited validation of sampling and
analysis. Typical LOD 0.03 mg m. No speciation of phosphorous compounds
possible.

<P
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M2: Monitoring of Stack Emissions to Air

*

Table S2.39. Quality assurance of CEMs (EN 14181 — QAL2 & AST)?! (\'\
Type of Monitoring Further information (‘D"
monitoring standard X¢
Manual / BS EN 14181 A quality assurance standard for the calibration of CEMs. Mandatory requireme@ LCP and waste incinerators
instrumental regulated under IED. Much of the standard is applicable to manual stack e ns monitoring organisations (i.e.
auditing functional tests, carrying out parallel reference measurements, ining a calibration function and carrying
out a variability test). 0.

1EA TGN M20 provides further guidance on the quality assurance of CEMs. TGN M20 is available from M.gﬁerts.neh

Table S2.40. Selenium

9

Type of Monitoring technique Monitoring q Further information
monitoring standard N
Manual Isokinetic sampling and BS ISO 17211 Methogl for determination of Se in particulate and gaseous phase.
impingement. Analysis by ICP- é
OES, ICP-MS, GFAAS, HG- O
AAS, HG-AFS, HG-ICP-OES
or HG-ICP-MS. §

\{‘\\"o
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Table S2.41. Siloxanes’

M2: Monitoring of Stack Emissions to Air

O

(AN
Further informa i\f{

Type of Monitoring technique Monitoring
Monitoring standard
Manual VOC sampling techniques BS CEN/TS 13649 or The following techniques / capture medgi ve been used to measure siloxanes:
with GC MS analysis procedural - methanol (impinger method)
requirements of BS EN - charcoal (sorbent tube met@
14791. - canister method @
- evacuated bag methocc)
Their main use has be@ggasure untreated gas, such as raw landfill gas before
it enters a gas engiq
Instrumental Extractive sampling and TGN M22 Simultaneous moﬁ}bring of many pollutants.

FTIR analyser.

1When gas containing siloxanes passes through a combustion process (e.g. gas en%eh@a flare stack), the siloxanes are primarily converted to silicon

dioxide (SiO2). Silicon dioxide emissions are measured using particulate samplin

Speciated VOCs — see VOCs (speciated)

{\\‘b
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M2: Monitoring of Stack Emissions to Air

O

Table S2.42. Sulphur dioxide O\
Type of Monitoring technique Monitoring Further informalion
Monitoring standard K
Manual Non isokinetic / isokinetic BS EN 14791 Validated on waste incineration, co-incj i ﬁ and large combustion installations.

extraction and impingement Range 0.5 to 2000 mg m-3. Overall u nty should be less than = 20% of the
into hydrogen peroxide daily ELV.
solution. Analysis by IC or @
Thorin method. .
Instrumental Extractive sampling and UV- | CEN TS 17021/ TGN CEN TS 17021 is base use of instrumental techniques. It specifies
fluorescence analyser. M212 (AM for BS EN performance criteria fo umental systems, rather than the specific type of
Extractive sampling and UV- 14791)/ Instrument. q
absorption analyser. '\
Extractive sampling and Q
NDIR-absorption analyser3. O
Extractive sampling and
electrochemical analyser. SQ
Extractive sampling and TGN M224 ?& aneous monitoring of many pollutants.
FTIR analyser. 4
1CEN TS 17021 is a technical specification that provides an instrument hod for the measurement of sulphur dioxide, using various techniques. It may be
used as an AM provided the user can demonstrate equivalence to E 3 - "Intralaboratory procedure for an alternative method compared to a reference

2 TGN M21 is available from www.mcerts.net. TGN M21 may be. under MCERTS accreditation until 31 December 2018. After this date it will be replaced
by CEN TS 17021.

3Some NDIR analysers may suffer from interference from %ne. This may be an issue when measuring emissions from landfill gas engines and biowaste
plants because of the concentration of methane present.i %stack gas emissions. Appropriate provisions should be made to quantify the interference. In
instrument type-testing (e.g. MCERTS), the overall spe&ation is that interference collectively must not have an effect greater than 4% of the certification
range at either the zero or span point. Therefore,gsi;oring organisations should refer to the MCERTS certificate to find the interference effects of methane.

method", to the satisfaction of UKAS and the regulator. Further infg jon is available in the MCERTS performance standard for organisations.

The potential interference effect for any concentr of methane on sulphur dioxide is calculated as follows:

(e@ed methane concentration / 50 mg/m3) x interference effect

If the new interference value exceeds
result using methane shows that th
4TGN M22 is available from

\(‘\\‘b
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Table S2.43. Sulphuric acid including sulphuric acid mist and sulphur trioxide

M2: Monitoring of Stack Emissions to Air

O

Type of Monitoring Monitoring Further informatioﬁl,
monitoring technique standard \
Manual Isokinetic extraction | US EPA method 8 Measures H2S0y4, including H2SO4 mist and SOs. }q&nd SOz cannot be measured
b

and impingement
with propan-2-ol.
Analysis by barium-
thorin titration
method or IC.

separately therefore a combined result is obtaine, arium-thorin titration method should not
be used if fluorides, free ammonia or dimethyl ine are present in the process.

0@

Table S2.44. Tar and bitumen fume

Sz

l-\("’Further information

Type of Monitoring Monitoring
monitoring technique standard O\
Manual Isokinetic sampling, BS EN 13284-1 This technique measures@w‘e and condensed vapours, not volatiles though a condensation/resin

extraction into
cyclohexane, then
gravimetric
analysis?.

with analysis
based on MDHS

84.

trap can be used if t tter is required. Sticky particulates can foul sampling equipment leading
to low recoveries precautions are taken (e.g. use of an instack filter). No published
standard coveri re technique, hence no overall performance has been calculated. MDHS 68

IMeasured as total particulate first. Tar or bitumen determined as the wei

Temperature (see gas velocity)
Thiols (see mercaptans)

Total cyanide (hydrogen cyanide)
Total organic carbon (see VOCs total)

\{‘\\6
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Table S2.45. Total reduced sulphur compounds (TRS)

M2: Monitoring of Stack Emissions to Air

N2

Further infor@b’n

Type of Monitoring technique Monitoring standard
monitoring
Manual Non-isokinetic sampling. US EPA Method 15A Method for TRS species. No speciati sible. Complexity of method restricts
Combustion of S in sample to (combustion air added) its use on site. Not in common fiel in UK. Typical LOD 0.1 ppm (for 0.360
SOz, analysis by barium-thorin or 16A (no combustion m3 sample).

titration

air added)

%)

)

Sampling through tube furnace
and combustion of S in sample
to SOz, analysis by FPD

US EPA Method 16B

Method for TRS speci .@o‘s'peciation possible. Requires sufficient oxygen in
sample gas stream y combust sulphur species. Range 0-1,000 ppm. CO
and COz interfer@[\lo n common use in UK.

o

Total sulphur (see sulphur trioxide)
Total VOCs (see VOCs total)
Trace metals (see metals)

{\\‘b
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Table S2.46. VOCs (speciated)

M2: Monitoring of Stack Emissions to Air

O

Type of
monitoring

Monitoring technique

Monitoring
standard

Further infornﬁ@

Manual

Extractive sampling onto
sorbent, solvent extraction and
analysis by GC with
appropriate detector

BS CEN/TS 136491

L N

e

Developed for solvent processes. Applicat@o a wide range of aliphatic and
aromatic VOCs (refer to standard). Usé@ﬂ areas where intrinsically safe
equipment must be used. Only VO adsorb onto activated charcoal may be
sampled. Suitable for range 0.5- mg m-3. Can be sampled directly or using
dilution to avoid condensation. ethod may be used to quantitatively measure
total VOCs provided the VO sorb onto activated charcoal and have been
identified before sampli stack gas contains an unknown mixture of VOCs
this method cannot be u to give a total VOC measurement.

When different abs@rption medium are used, such as ATD, it is acceptable to use
thermal desorptiow njunction with BS CEN/TS 136489. In all cases, there must
be evidence to_show that the proposed desorption and analytical techniques are
valid.

Sample tu@%harcoal and ATD) are stored and transported below 25°C in
ight VOC free container, without exposure to direct sunlight. Samples
tored under these conditions for a prolonged time period (for

s that are to be stored for over 7 days before analysis, it is not

Instrumental

Extractive sampling and
portable GC with appropriate
detector (GC-FID, GC-PID,
GC-ECD)

US EPA Method 18
§

~

pecifies several sampling options. The option using a portable GC to take real time
results is the applicable periodic instrumental technique. Can measure virtually any
individual organic compounds, many simultaneously. Not truly continuous, but
successive measurements in cycles of about 30 minutes. LOD typically 1 ppm.

Extractive sampling and
portable FTIR analyser

TGN M

@b‘g

Can measure many individual organic compounds simultaneously.

1In the absence of a national or international stand
CEN/TS 13649 is modified, taking into account th

standard methods published by NIOSH and O

C)\)((\
60
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Table S2.47. VOCs (total)?

M2: Monitoring of Stack Emissions to Air

O

Type of
monitoring

Monitoring technique

Monitoring
standard

Further infornﬁ@

Instrumental

Extractive sampling and FID
analyser

BS EN 126192

Validated on waste incinerators and solver@%cesses. High specificity to VOCs.
Developed for incinerators and solvent esses. Different response factor for
each VOC species. Suitable for low s of VOC concentrations (0-20 mg m-3)
and for ranges up to 1000 mg m-3{fts range can be extended by carrying out a lack
of fit test using gases with hig centrations). Interference from O: is reduced
by using a mixed Hz/He fueI@

The sampling system i , with the exception of the probe, which may be
unheated, provided it is inserted into the stack.

Requires interferen om O: to be checked at 10% and 20%. This applies to
combustion proc%%e 7especially when calibrating a CEM for EN 14181 purposes.
If the FID does_not nieet the performance criteria at these concentrations, gases
with a oxyge centration similar to stack gas should be used for the zero and
span checls gt combustion processes, with emissions typically around 10% oxygen

(e.g. Wilants).

Extractive sampling and NDIR
analyser

BS EN ISO 13199

\g@

&

’0’6

Ba; \n the use of an NDIR analyser equipped with a catalytic converter for

on of TVOCs to CO2. Unlike FID techniques this approach does not have a
larhe or hydrogen fuel, so can be used in applications where it is necessary to use
intrinsically safe equipment.
As the VOCs are oxidised to COz, they all have the same response factor.
The technigue does not have cross interference from Oa.
The method is suitable for non-combustion processes. It cannot be used to
measure emissions from combustion processes.
The method was validated on painting and printing processes, where VOC
concentrations were from 70 to 600 mg/m3.

VOCs (total) are also referred to by different acron ~juch as total VOCs, TVOCs, TOCs or VOCs.
ised in 2013 to produce a single standard for measuring VOCs (total). The combined standard was

2BS EN 12619:1999 and BS EN 13526:2002 wer

given the number BS EN 12619:2013. BS EN

able to use BS EN 12619:2013 instead, as& ersedes EN 13526:2002.

)
N
\(‘\\‘b
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Table S2.48. Water vapour (moisture)

M2: Monitoring of Stack Emissions to Air

N

Type of Monitoring Monitoring standard Further information(v"
monitoring technique K
Manual Gravimetric BS EN 14790 The method is incorporated into several other peri aal methods, therefore allowing
(impingers) moisture to be measured as part of another samplj thod. Validated on waste incineration,

co-incineration and large combustion installationg.\R€quires a balance to be taken on site.
Range 4 to 40% relative humidity. Overall un ty should be less than = 20% of the
measured concentration. Not applicable for@Sa ated conditions.

Instrumental Paramagnetic AM for BS EN 14790

and zirconium
analysers

analysers, one measuring Oz wet (zI um) and other dry (paramagnetic). Not a direct

Range 0-100%, typical resolution 0. calculated from the difference between two
measurement of moisture. Interfgrgnces from high concentration of NO2, NO and hydrocarbons.

NDIR analyser

AM for BS EN 147901

Interference from CO, COz, hy&qvcgrbons.

FTIR analyser

AM for BS EN 14790/
TGN M22

Simultaneous monitoring O and other species. Faster response than NDIR. Typical range 0

to 35%. g

1An AM may be used provided the user can demonstrate equivalence to EN 14793

tralaboratory procedure for an alternative method compared to a

'
reference method", to the satisfaction of UKAS and the regulator. Further inform&is@available in the MCERTS performance standard for organisations.

&
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Section 3: Automatic batch samplers

Table S3.1. Dioxins, furans and dioxin like PCBs

M2: Monitoring of Stack Emissions to Air
L 2

Monitoring Monitoring standard Further inform ‘h
Technique
Isokinetic sampling, BS CEN/TS 1948-5 Integrated samples obtained over averaging peri typically ranging from 14 to 28 days.
extraction, then GC-MS Sampling methods described in EN 1948-1 been modified for long term sampling
analysis requirements (filter / condenser, dilution and cpoled probe method).
Although sample is obtained continu I@sults are not instantaneous, as the filter and
absorption media are taken to an a igal laboratory for analysis.

Table S3.2. Mercury

N

g
Monitoring Monitoring standard § Further information
Technique A
Sampling with in stack US EPA M30B / Measures total vapiy bhase mercury emissions from coal-fired combustion sources. This
paired sorbent media traps. Performance specification method is desj to measure the mass concentration of total vapour phase mercury in flue
Analysis by extractive or 12B gas, inclugi mental mercury (Hg°) and oxidized forms of mercury (Hg*2), in micrograms per

thermal analytical technique,
such as UV AA and UV AF
cold vapour analysers

ubic meter (ug/m?3). The method is only intended for use when particulate

ns are low (e.g. sampling after abatement systems) because it does not measure
pa e bound mercury.

éé h a sample is obtained continuously, results are not instantaneous, as the sorbent media
traps are taken to an analytical laboratory for analysis.

dry stand

<P
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M2: Monitoring of Stack Emissions to Air

6. Calculation of measurement uncertainties in stack emissions
monitoring”

6.1 Introduction

The following documents on uncertainty are relevant to stack emissions monitoring:

o ENV 13005:1999 — Guide to the expression of uncertainty in measurement (GUM) g N

o BS EN ISO 14956:2002 Air quality — Evaluation of the suitability of a measurement by?\
comparison with a required measurement uncertainty.

o BS EN ISO 20988: 2007 Air quality — Guidelines for estimating measurement (1/
uncertainty K

European stack emissions monitoring standards also give extensive guidance oh@certainty.

It is a regulatory requirement that stack emissions measurements must be
estimate of the overall measurement uncertainty. These uncertainties ar
European Standard Reference Methods (SRM) for stack emissions :

mpanied by an
ded in

ing.

The overall measurement uncertainties incorporate all possiblessigniiCant sources of variation
in the measurement method. They are expanded uncertainti@h 95% confidence limits. In
other words if measurements are made with techniques, which“are fully compliant with the
SRM, 95 times out of a hundred the true value will lie witlﬁ\he limits quoted.

The general approach to uncertainty estimation is t(\

Specify what is being measured and t rameters which affect it

Identify potential sources of uncertai r each parameter

Quantify the component standar rtainties uc (by measurement or estimation)
Determine the combined stan \%\ncertainty of the measured value using the
accepted rules \

o Determine the expanded rtainty enabling the final answer to be expressed as:

ue =X=* U
Where U, is the over uﬁrtainty conventionally expressed at a confidence level of 95%.
A summary of the@%nology is given at the end of these notes for reference.
6.2 Approac @etermining uncertainty
6.2.]6@%m specification

\(‘ggfirst step is to specify what is being measured and to identify all the parameters which
ctit.

Manual methods, whether for gases or particles, are based on simple mathematical equations
(the analytical function or measurement equation) relating the input quantities to the
concentration of the determinand in the gas phase. At its simplest this is:

Concentration = Mass of determinand collected / Volume of gas sampled

*This Annex is based on material provided by Dr Andrew Clarke, University of Leeds.
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For particles this involves the weight of particles collected both on the filter and in the probe
washings. For gases collected in liquid solution it involves:

Mass of determinand collected = Solution concentration x Volume of solution

Each of these input quantities have associated uncertainties, for example:

Uncertainty of weighing particles % ¢
Uncertainty of chemical analysis of solution '\

Uncertainty of measurement of sample gas volume or liquid solution volume Q
Efficiency of sampling bottles in collecting the determinand (1/

The sample gas volume in turn depends on the temperature and pressure at th
These temperature and pressure measurements also have associated uncertai inally,
there may be corrections for water vapour and oxygen level before a result i
reference conditions, so the uncertainty of the water vapour and oxygen

be included. @

ntration must

The mathematical relationships also tell us by how much a particu put quantity affects the
measured concentration. This is sometimes called the sensitiv%oefficient - the deviation of
the result of measurement divided by the deviation of an inp ntity causing the change, if
all other influence quantities are kept constant. Mathematijgally, the sensitivity coefficient is
determined by partial differentiation of the equation wit)&%ect to the relevant input quantity.
That is why the detailed formal descriptions of uncertaing/ estimation contain many partial
derivatives. The important thing to remember is that

Uncertainty in measured value = Se ity coefficient x Uncertainty in input quantity

For instrumental gas analysers there i Qeasurement eguation, since the analyser is
calibrated using a gas of known co gQion and a specified uncertainty. We do not need to
deal with uncertainties associated @\every component of an instrumental analyser since
most of them are covered by the casbration process. There are still many sources of
uncertainty which need to be tified but, generally, the effect on the concentration is not
determined by simple mat ical equations. The sensitivity coefficients have to be
determined experimenta his is primarily undertaken by the instrument manufacturer in
demonstrating the pe Mmance characteristics of the instrument prior to first use. Satisfactory
performance char tics are required for MCERTS certification or meeting the QAL1
requirements of 4181.

6.2.2 Identi@ ssible sources of uncertainty for each parameter

For @active methods of gas or particle analysis there is the possibility of leakage of the
sam anding line and losses to the walls of the sampling system. Those must be

tified. For manual methods some indications of the possible sources of uncertainty have
n given above. For fuller details refer to EN 1911:2010 for manual measurement of HCI, as
a typical manual gas sampling example. For instrumental methods, the following is a typical
list of sources of uncertainty:

Lack of fit (linearity)

Zero drift

Span drift

Sensitivity to sample volume flow
Sensitivity to atmospheric pressure
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Sensitivity to ambient temperature

Sensitivity to electrical voltage

Interferences from other gaseous components present in the flue gas
Repeatability standard deviation in laboratory at span level
Calibration gas

The repeatability standard deviation (or detection limit) at zero is not included because the
uncertainty for this is assessed by the repeatability standard deviation at span level (including g .

both would be double counting). '\
6.2.3 Quantify the component standard uncertainties (19
In dealing with the quantification of the uncertainties we have to explain the statistic%asis on
which this whole exercise is founded. \Q

There are different types of component uncertainty: @

Type A component uncertainties — those which are obtained from expes tal data and can
thus lead directly to a standard deviation. An example of a type A inty is the

repeatability at span for a gas analyser or the standard deviation o et of readings of
pressure at a gas meter taken during a run which show smal r@om variations rather than
significant overall drift. }\

This is the standard uncertainty u, for that component iwg\or influence quantity determined
by repeat measurement. Assuming an approximately né#nal distribution of points around the
mean then, with 95% confidence, any measurem ill lie within £ 2 times the standard
deviation o of the mean (see Figure 6.1). The s rd uncertainty is identical to the standard

deviation. &(b
&
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Figure 6.1: Probability distribution A

Probability

Mean value Q
O .

«959% Confidence that value li ithin + 2o of mean —

N

The factor of 2 (more precisely 1.96) is so Q&s called the coverage factor k. When quoting
uncertainty values, we must be very cl hther we are giving the standard uncertainty (u =
1 standard deviation) or the expanded&rtainty (U = ku) for a particular degree of
confidence such as 95% when k=

Type B uncertainties - for sonfeyparameters that influence the output of an instrument there
may be a range of values L@g a measurement series or estimates of the maximum possible
variation but the probab@ Istribution is presumed to be rectangular (not the normal error
curve). In other Word%e is an equal probability of any value within the specified range (see

Figure 6.2). @Q
N
O
60
9
~N
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Figure 6.2: Probability distribution B

Probability

Xmin Xadj Q Xmax

Quoted value 0@ adjustment

T— Range of equa]]y&b(gle values
&A\{S\
9

o The tolerance of a al dimension for example (e.g. nozzle size)
o The ambient tem ture range during the period of measurement

o The variation ectrical voltage during the measurement

Examples might be:

Often the majorj
converted t
measure

values
defin

¢ 6 AX = (Xadj— Xmin) = (Xmax - Xadj)

\(\\ Ux= AX /( V3)

If Xaqj is close to one end of the range i.e. near to either Xmin Or Xmax then:

the component uncertainties will be of this type. These ranges have to be
andard uncertainty. Suppose the value of a parameter influencing the
uring adjustment of an instrument is Xagj and during the measurements the
parameter range from Xmin 10 Xmax. If Xagj IS halfway between Xmin and Xmax then

Ux = ( Xmax — Xmin)/( V3)

If the value of xaq is offset from the centre of the range, then it is necessary to use the more
complex general expression:

M2, Version 12,August 2017 Page 71 of 86



M2: Monitoring of Stack Emissions to Air

sz =[ ( Xmax — Xadj)2 + (Xmin - Xadj)(xmax' Xadj) + (Xmax - Xadj)z] / 3

In order to relate the standard uncertainty of the input quantity to the uncertainty of the
measured concentration we need to bring in the sensitivity coefficient.

Examples

a) Component standard uncertainty due to atmospheric pressure variation:

Emission Limit Value = 75 mg/m? g ¢
Sensitivity of concentration to atmospheric pressure at ELV = 0.8%/kPa Q'\
Variation during measurements = 99 - 100 kPa (i.e. 99.5+0.5) (1/

Standard Uncertainty in concentration units = (0.8/100) x 75 x 0.5/ V3 = O.l7mg@®

The sensitivity is converted to concentration units by multiplying by the ELV is multiplied
by the maximum pressure deviation from the average value and convert standard
uncertainty by dividing by the square root of 3. Q)

b) Component standard uncertainty due to calibration gas
Assume the calibration gas has the same concentration as the of 75mg/m? and has a
specified uncertainty of 2%. This is a type B uncertainty in thlk\ true concentration could be
anywhere between 73.5 and 76.5mg/m?. Q

O

Standard uncertainty = (2/100) x 75/ N3 = 0.87mg/m?

In this case there is no sensitivity coefficient invq@d — an error in the calibration gas affects
the reported measured concentration directl{@ proportionately (formally the sensitivity
coefficient is 1.0).

Having identified all possible source @certainty and quantified them we have completed
our uncertainty budget for the pro@\. We now have to put the results together.

6.2. Determine the combin#ndard uncertainty and expanded uncertainty

There are simple rules f mbining standard uncertainties based on the mathematics of the
normal curve of error, e have a series of component uncertainties ui, U, Us... the
combined uncertawc is obtained from the sum of squares of the component uncertainties:

2 2 2

Som & component standard uncertainties will be determined experimentally and applied
dire the summation. The same applies to the calibration gas (example b above). Some
Jwi be In the form of the product of a sensitivity coefficient S and the uncertainty of an input
tity. For example, if there is uncertainty due to ambient temperature u=S+u(T), where
,QQ(T) is the standard uncertainty of the temperature.
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For manual methods the dependence on temperature, pressure and volume is defined by the
analytical function and the sensitivities are mathematically defined by partial differentiation of
the equations. In this document the use of partial differentiation is avoided but fortunately the
results for most cases are simple. Suppose a measurement X depends on three input
gquantities a, b and d, each of which has associated uncertainty ua, Up and uq. Then if X is
obtained by addition or subtraction absolute values of component uncertainties are combined
as follows:

X=a+b+d ,\%’
u2 =u? +u? +u? (19
t

If X is obtained by multiplication or division, relative or percentage values of compone
uncertainties are combined:

AS)
X:a><b @@
O

QQ)

As can be seen, the sensitivity for a is X/a, for b is X/b etc. ,\O.)

2 2
uix—ia_l_
> =
X a b

These relationships are used in section 4 below. Q

For minor component uncertainties, when one comﬁqent uncertainty is greater by a large
factor than the others, the smaller ones can be @ d. A factor of four is generally sufficient.

By combining all the component standard rﬁ%inties we obtain the combined uncertainty uc
for the measurement. It is then a simple s o0 multiply by the coverage factor k to obtain the
expanded uncertainty, which for cIaij ways written as an upper case quantity:

Uc =k uc with k =s’$r 95% confidence

Often U will be calculated irﬁ:entraﬁon units and then expressed as a percentage by
dividing by the ELV since s the form which the standard reference methods require.

Alternatively the wh Iculation may be done in percentages of the ELV.

6.3 Uncertainvg&ulations for manual sampling
This secti %

strates how the uncertainty is calculated for manual sampling but only covers
the nties associated with the input quantities, i.e. quantities that are related by
equ to the final concentration.

&
~N
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The concentration of pollutant Cx is given by the ratio of the sampled mass of Qxand the
sampled gas volume corrected to standard conditions Vsw:

Cx=Qx/Vstd eq. 1

Toa P eq. 2

Psta .
N

T and p are the actual temperature and absolute pressure at the gas meter and Vr is the@
actual measured volume. Normally, a pressure relative to atmospheric pressure is mea:
by manometer and p is then estimated by p = prei + Patm. K

Tsw= 273.1K, psia = 101.3KPa and both are assumed to have negligible unce@ 7 Prel,

Vig = VT,p x

pam and Vr,phave uncertainties due to calibration of measuring instruments, re bility of
the readings, the resolution or readability of the device and possible drift.

In addition our final reported concentration may need to be corrected t@brticular reference
oxygen concentration Oz ref: Q

(21_ OZref)
X —(21_ 0, ) '\q eq.3
o)

O2meas also has an associated uncertainty.
Assuming that we can calculate the component %rd uncertainties relating to each of the 6

CX,OZref = Cx

input quantities: u(Qx), u(Vrp), u(prer), U(Pam) and u(Ozmeas) then we calculate the
standard uncertainty of Cx by summing th res of the component uncertainties multiplied
in each case by the sensitivity coeffici \LJsing the principle that when dealing with products

or quotients we sum the fractional (or&p\?: ntage) quantities and when dealing with addition
we sum the absolute quantities, tt@o equations 1 and 2:

UZ(CX)ZUZ(QX)+UZ(V QM) Pw) | W Pan) o,

C§< Q>2< \ \ TZ (prel +patm)2 (prel +patm)2
(This is the same iting u?(Cy) as the sum of terms with sensitivities C«/Qx , Cx/V1p , Cx/T,
etc).

The additio& uncertainty due to the oxygen uncertainty in the correction factor gives:

u? . 2ref): UZ(CX)+ UZ(OZmeas) eq.5

. 6 x,02ref C>2< (Z:I-_OZmeas)2

N

We can now apply these to the most common sampling situations.

For particle sampling the collected mass Qy is obtained from weighing the filter before and
after sampling and weighing the residue from the probe washings. Four balance readings are
involved with uncertainties associated with the calibration of the balance, repeatability of the
reading and drift.
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For speciated volatile organic compounds by adsorption tube, Qy for any species will involve
uncertainties in the efficiency of sample recovery from the tube, whether by solvent extraction
or thermal desorption. Added to that is the uncertainty of the analysis which is usually
performed by gas chromatography.

For wet chemical absorption Qx is obtained from the volume of the solution plus washings and
the concentration of the analyte determined in the laboratory (e.g. chloride by ion

chromatography). There are uncertainties associated with the liquid volume and the analytical
result. For a detailed discussion see the hydrogen chloride standard BS EN 1911 (2010). '\% ¢
6.4 Uncertainty calculations for instrumental gas analysis Q

This example for SO; by infra-red analyser is taken from the Annex to EA TGN M21 (2008).

First we gather together the site specific information and then results of laborat d field
testing, which define the performance characteristics of the instrument. Then reina
position to draw up our uncertainty budget by estimating the component u inties. These

are combined to give the total combined uncertainty and then expanded @g the usual
coverage factor to give the overall uncertainty at 95% confidence. Q

The site specific conditions are given in Table 6.1. %
Table 6.1: Example of site specific conditions _ '\
Specific conditions Valﬁ\
Type of process ineration

N

Daily average emission limit value(b 75 mg.m3

AN

MCERTS certification rang 0to 75 mg.m-3
monitoring system RN
Measurement range of t Hnitoring 0 to 300 mg.m-3
system -
Measurement techpb Infrared analyser with a sample drier
\
Atmospheric pr&)ure variation 99-100 kPa
V_ N
Sample préssure variation 100 +5 kPa
A\
Fluctdations of temperature 278 to 318 °C

c mpa ed to calibration temperature
C)
é&age variation 93V to 121V, 110V nominal voltage
*

\@he calculations are undertaken in this example at the daily ELV, which is also the MCERTS

certification range. This is because of the context of TGN M21, which is to demonstrate that a
particular instrument meets the criteria for equivalence with the European (manual) standard
reference method (i.e. BS EN 14791).

The performance characteristics are shown in Table 6.2.
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Table 6.2: Example performance characteristics

Performance
characteristics

Performance criteria
(percentage of the
certification range)

Results laboratory and
field tests (percentage of
the certification range)

Response time

R

2

calibration gas

<180s 120s

Lack of fit <429, +0.7%
4

zero drift <+2%/24h £0.01%240 N
Span drift <£2%/24h s1002an ()
Sensitivity of the
sample volume flow or <+1% 10.0%@
of the sample pressure AN
Sensitivity to o N
atmospheric pressure <£3% ,.@Q%’/kpa
Sensitivity of the 0 " 2
ambient temperature <£3%/10K /\® +1%/10K
Sensitivity of electric o N/ .
voltage at span level <+2%/10V X O\ +0.6%/10V
Interferents <549 ™\ <41.4%

<+ {\ <t+1.
Losses and leaks in o 0
the sample line t5% O +1.2%
Standard deviation of ~
repeatability in <s$% +0.15%
laboratory at zero R ‘(b
Standard deviation of 0\
repeatability in o o
laboratory at span ‘&Q £2% *0.8%
level
Uncertainty of <429 +204

=1 (o] =X

U

rmation needed to calculate the standard component uncertainties

Table contains tf%
using the relationshi fined earlier. These calculations are shown in Table 6.3, which is
A@ GN M21, with the omission of the repeatability standard deviation at

component calculations involve the root 3 factor except the repeatability

. Note that
S, which Iready statistically defined.

#ed uncertainty uc is obtained as the square root of the sum of the squares of all the

t uncertainty u values in the right hand column, from which:

wé

Uc = 1.75 mg.m3

'QQThe overall uncertainty Uc = 2 uc = £3.5mgm-

This corresponds to +4.7% of the ELV of 75mgm-3
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Table 6.3: Results of uncertainty calculations

Performance Standard Value of standard uncertainty, mg/m?3
characteristic Uncertainty
Lack of fit Uit (0.7/100)x75 _ 0.30
J3
Zero drift Uo.dr (0.01/100)x75 _ o,
R o\
- A~
Span drift Us.ar (/20075 _, . r\)
V3 A
Sensitivity to u . '
interferen{:e % =061 OK l/
|
Sensitivity to | Uspress (0.02/100)x75x5 N
the sample 3 =0.04 @
3
volume flow or @
to the sample C)
pressure O
Sensitivity to Uapress (08/100)X75X(1/ 2) )
atmospheric 3 =0.17
pressure y\q
Sensitivity to Utemp (1/100) .
ambient X 75X Q
temperature O
\/ (318-298) (278 298)(318 - 298)+ (278-298)" _ o
- =0.
\‘ 3
Sensitivity to | Uyort (0.6/1
electrical 1 5X
voltage AN

«H121-110)? +(93.5-110)121-110) + (93.5-110)’

N‘ 3 =0.34

A
o
Repeatability in | us, 6 (0.8/100)x75=0.6

lab at span

level

Losses and s 1.2/100)x75

leaks in the Q’\' ( ﬁ) =052

sample line 4

Uncertainty of{ Mlca 2/100)x75

calibration 6 | ( \/§) =0.87
~

o
6. Cstary of Terms and Definitions used in Section 6

@hcertainty
& D

arameter associated with the result of a measurement that characterises the dispersion of
the values that could reasonably be attributed to the measurand.

Uncertainty budget

Calculation table combining all the sources of uncertainty according to ENV 13005 in order to
calculate the overall uncertainty of the method at a specified value.
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Standard uncertainty, u
Uncertainty of the result of a measurement expressed as a standard deviation, u

Combined uncertainty, uc
Standard uncertainty uc attached to the measurement result calculated by combination of
several standard uncertainties according to GUM.

Expanded uncertainty, U

Quantity defining a level of confidence about the result of a measurement that may be % ¢
expected to encompass a specific fraction of the distribution of values that could reasonab '\

be attributed to a measurand. (l/

U=Kk.u é
The expanded uncertainty is generally calculated with a coverage factor of k=2 with a
level of confidence of 95 %.
Sensitivity coefficient @
Deviation of the result of measurement divided by the deviation of '@ence quantity
causing the change, if all other influence quantities are kept const%

N
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7. Applying measurement uncertainties to periodic monitoring

The following measurement uncertainties are the maximum uncertainties the Environment
Agency use to assess compliance of periodic measurement results against emission limit

values specified in Permits.

Table 7.1 Maximum measurement uncertainties (MU) for periodic monitoring

Species

% uncertainty

MU source

D)

PM +15 Measurement uncertainty half the N
value given in directives for Q
TOC +15 continuous emissions monitorin‘gﬂ/
h systems.
cl 30 SEN 19 ‘Q@
H + BS EN 1911
AN
co +6 BS EN 15058 Q\‘
C
NOX +10 BS EN 14792®V
SO, +20 BS Eww
HF +30 GivdinHe same uncertainty as HCI
to similar reactive nature and
NH3 +30 ¢ surement technique
Cd&Tl +15
§ Value based on a review of
Hg +15 (b uncertainties applied by monitoring
a\ ’K organisations
Other metals +15 0
Dioxins and furans / PCBs | +30 @ BS EN 1948

(

O

Speciated VOCs

Value based on information in
CEN/TS 13649 and a review of
uncertainties applied by monitoring
organisations

2\

. . A4
Generic wet chem Q +25 Value based on uncertainties applied
methods (not lis bove) by monitoring organisations
\N Value same as speciated VOCs, as
Generic sorhent tube 45 the analysis and sampling, using
met c@not listed above) |~ occupational hygiene methods, is
z } very similar
”~
Yﬁ@e'ric analyser methods | ¢ Value based on uncertainties applied
\(hot listed above) by monitoring organisations
BS EN 14789. The standard states
+6%. It was developed for reference
O +0.5 conditions of 11%, which gives an
absolute value of approximately
0.5%.
H20 +20 BS EN 14790
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Normally we will use the uncertainty values reported by the organisation that carried out the
measurement. However, if these are above the maximum values given below, we will use the
maximum values. When uncertainties are above the maximum values, we will investigate why.

The values in Table 7.1 are applicable to the measurement uncertainties for results that are at
or above the ELV.

If a reported result is above the ELV, we will assess the result for compliance by taking
account of its measurement uncertainty. This is achieved by subtracting the measurement % ¢
uncertainty from the measured value (see Box 7.1). Q'\
d
LV,

If after completing the assessment the result is still above the ELV, it is likely to be consid
a breach of the ELV. However, if after completing the assessment the result is below tQa
it is likely to be considered an approach to limit. @

If the original reported result is below the ELV, the compliance assessment sl@i in Box 7.1
does not need to be carried out. @

Please note the above provides general guidance on our approach @aessing compliance.
Other factors may also be considered by us when assessing resu compliance (see Box

7.2).
)

¥

Box 7.1: Assessing compliance with the ELV Q
1. Determine the measurement uncertainty: QO
measurement uncertainty = (meas lue x % uncertainty) / 100

Note: the measured value is al@&y corrected to the permit reporting

conditions. \Q

. \
2. Adjust the measured result@btracting the measurement uncertainty:
Adjusted value = @ured value — measurement uncertainty

3. Compare the adju data versus the appropriate emission limit value to
assess complian@

Example ca on:

Base measured value for particulates of 11 mg/m? (STP) a measurement
unce«lainty of 15% and an ELV of 10mg/mé.

L FQWing the procedure above:
.\(g

1 11 x 15) / 100 = 1.65 mg/m® measurement uncertaint
& g y
2. 11 — 1.65 = 9.35 mg/m? adjusted value

3. Adjusted value is less than the ELV, therefore the measured value should be
classified as an approach to limit rather than a breach.

Note: the measurement uncertainty is the expanded uncertainty at a 95% confidence interval.

M2, Version 12,August 2017 Page 80 of 86



M2: Monitoring of Stack Emissions to Air

Box 7.2 Note on oxygen measurement uncertainty

The overall uncertainty of a measurement for combustion processes that requires
oxygen correction must include the uncertainty of the pollutant being measured, plus
the uncertainty of the oxygen measurement and the uncertainty of the correction to a
fixed oxygen reference value. Further information is provided below:

1) Oxygen correction factor =21 — O2% reference
21 — 02% measured

2) Uncertainty of oxygen correction =

21— 0,% reference .
( ) * uncertainty of 0, measurgyient

21 — 0,% measured * 21 — 0,% measured
3) Uncertainty of oxygen factor (%) = @

(Uncertainty of O2 correction / Oxygen correction factor) * @

4) Overall measurement uncertainty (mu) (%) = Q
\/mu of the determinand? + mu of the oxygerhqﬁ’ection factor?
Example calculation based on a: OQ
Reference oxygen of 11% Q
¢ Measured oxygen of 13%
¢ Measurement uncertainty of o measurement of 0.5% (absolute value —
see Table 7.1))
e Measurement uncertaing llutant measured (e.g. particulates) of 15%

Oxygen correction factor = @11) /(21 —-13)
.25

Measurement u cE&nty of oxygen correction =

@Q ( 21-11 >*0.5

@ 21 —-13%21-13
00 =0.0781

élerall measurement uncertainty for the oxygen correction (%) = (0.0781/ 1.25) * 100

=6.25%
Overall uncertainty for the measurement = V152 + 6.252

=16.25%

Notel : the measurement uncertainties in this example are the expanded uncertainties at a
95% confidence interval.

Note 2: the reported measurement uncertainty should be below the overall uncertainty (i.e. the
uncertainty given in Table 7.1 plus the additional uncertainty from the oxygen correction).

‘19

N

%
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8. List of abbreviations

List of abbreviations

AAS
AFNOR
AMS
AFS
AM
AST
ASTM
BS

BSI
CEMs
CEN
COSHH
CVAAS
DIN
DIS
DMPDA
DOAS
EC
ECD
EDAX
ELV
EN

rsp O

Atomic absorption spectroscopy

Association Francaise de Normalisation
Automated measuring system

Atomic Fluorescence Spectrometry
Alternative method

Annual surveillance test

American Society for the Testing of Materials
British Standard

British Standards Institute

Continuous emission monitoring system C)®

Comité Européen de Normalisation Q)
Control of Substances Hazardous to Healtl'go
Cold vapour atomic absorption spectromw
Deutsches Institut fur Normung Q

Draft International Standard O

Dimethyl phenylenediamine Q

Differential optical absorpti pectroscopy

European Commissio

Electron capture, ion
Energy dispersi \nalysis by X-rays
Emission ligaijt value
Europe @tandard
b§1 Union

Euro
%}' draft international standard
lame-ionisation detector
® Flame-photometric detector
Full-scale deflection
Fourier transform infrared spectrometry
Gas chromatography
Gas chromatography-flame photometric detection
Gas chromatography — mass spectrometry
High-performance liquid chromatography

Health and Safety Executive
lon chromatography

<
%
AS)
&
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List of abbreviations (continued)

o\

ICP
IED
IMS
IPPC
IR

ISC
ISE
ISO
LAAPC
LAQM
LOD
MCERTS
MDHS
MID
MMMF
MS
MSW
NDIR
NDUV
NIOSH
NMVOCs
OES
OMA
OSHA
ou

PCBs

PID O

PM 6
‘ng,PMzs
}PC Regulations
prEN

PUF

QA

QC

Rsd

PAHs @Qolynuclear aromatic hydrocarbons

Inductively coupled plasma (spectroscopy)
Industrial Emissions Directive

lon mobility spectrometry

Integrated Pollution Prevention and Control
Infrared

Intersociety Committee

lon-selective electrode

International Standards Organisation

%
Local Authority Air Pollution Control éQ

Local Air Quality Management

Limit of detection C)®
The Environment Agency Monitoring Certificati eme
Method for the Determination of Hazardou@@;’es
Method Implementation Document '\

Man-made mineral fibres OQ

Mass spectrometry

Municipal solid waste Q
Non-dispersive infrared s metry
Non-dispersive ultravi pectrometry

National Institute Q&upational Safety and Health
Non-methane@ le organic compounds

Optical em@on spectroscopy

Operfsébomtoring assessment

Ost'p ional Safety and Health Administration

ur units

Polychlorinated biphenyls

Photo-ionisation detector

Particulate matter

Particle fraction with diameter less than 10 pm or 2.5 pm
Pollution Prevention and Control Regulations

Draft European Standard

Polyurethane foam

Quiality assurance

Quiality control

Relative standard deviation
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List of abbreviations (continued)

SCD

SD

SEM

SRM

SSP

D

TDL

TEOM

TPM

TRS

UKAS

US EPA
US EPACT
uv

VDI

VOC

WID
XAD/XAD-2

Sulphur chemiluminescence detector
Standard deviation

Scanning electron microscopy

Standard reference method

Site-specific protocol

Thermal Desorption

Tuneable diode laser

Tapered element oscillating microbalance
Total particulate matter

Total reduced sulphur

United Kingdom Accreditation Service

United States Environmental Protection Agency
United States Environmental Protection Agen

QQ)

itional Test

Ultraviolet %
Verein Deutscher Ingenieure (German nahq standards body)

Volatile organic compound

o)

Trade name for a polystyrene \‘&}rbent resin

Waste incineration directive

<
%
AS)
&

@
\g\‘@
5
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