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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 146, Air quality, Subcommmittee SC 1,
Statipnary source emissions.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

There are various volatile organic compounds (VOCs) emitted from stationary sources where organic
solvents are used for painting, printing, cleaning, degreasing and chemicals production. In order to
understand how to reduce the environmental risk due to VOCs, it is necessary to measure not only
the concentration of total VOCs but also the concentration of individual VOCs in waste gases. This is
because individual VOCs have different potentials to form O; and suspended particulate matter (SPM).
Also, there are VOCs of high toxicity (e.g. benzene, toluene, propyl acetate, propanol, formaldehyde,
some chlorinated organic compounds) of concern.

Fourier Trap siapse cetrometry vte—these—me eprentsyas it
provides a measurement in the infrared (IR) region over a wide spectral band. Analysis of the ré¢grded
spectra enaples the concentration of a wide number of compounds to be quantified simultanequsly.
Overlap of [R absorption features with each VOC can affect the quantification of each eompgund.
However, by using appropriate chemometric procedures for the overlapping IR spectra of VOCg, the
concentratigns are quantified for the individual compounds of interest.

This documpnt specifies the measurement method for determining concentrations of individual YOCs
in waste gages from non-combustion processes by using FTIR spectroscopy.

vi © IS0 2019 - All rights reserved
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Stationary source emissions — Determination of the mass
concentration of individual volatile organic compounds
(VOCs) in waste gases from non-combustion processes

1

Scope

This[document specifies the use of FTIR spectrometry for determining the concentrations
volatiile organic compounds (VOCs) in waste gases from non-combustion processesc~The
be employed to continuously analyse sample gas which is extracted from ducts and.othe

bag

gampling method can also be applied, if the compounds do not adsorb on the’bag mat

apprppriate in cases where it is difficult or impossible to obtain a direct extractive sample.

The

principle, sampling procedure, IR spectral measurement and apnalySis, calibratiqg

interfference, QA/QC procedures and some essential performance criteriafor measurement
VOCq are described in this document.

NOTHE 1  The practical minimum detectable concentration of this method depends on the FTIR in
gas cell path length, resolution, instrumental noise and analytical algerithm) used, compounds, and
specific (e.g. water and CO,).

bf individual
method can
r sources. A
erial, and is

n, handling
bf individual

strument (i.e.
interference

ddresses:

r of the light

2 Normative references

Therg are no normative references in this document.

3 Terms and definitions

For the purposes of this document, thefollowing terms and definitions apply.

ISO dnd IEC maintain terminolegical databases for use in standardization at the following g
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia; available at http://www.electropedia.org/

3.1 | Terms related to FTIR

3.1.1

absagrbance

neg;}ive logarithm of the transmission, A = -log(I/I,)), where I is the transmitted intensity
and Lyistheineidentintensity

3.1.2

resolution

minimum separation that two spectral features can have and still, in some manner, be distinguished
from one another

© IS0 2019 - All rights reserved
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3.2 Terms related to performance characteristics

3.2.1
reference s

pectrum

plot of absorbance versus wavenumber for a known gas or known mixture of gases, which are obtained

under contr

olled conditions of pressure and temperature, path length, and known concentration

Note 1 to entry: The reference spectra are used to prepare the chemometric model used to obtain the unknown
concentrations of analytes in sample spectra.

Note 2 to entry: See 10.3.1.

3.2.2
validation s
plot of absof

Note 1 to ent

3.2.3
backgroun
plot of absof

3.2.4

response ti
time interva
instant whe
determined

and the fall
[SOURCE: IS

3.2.5

Zero gas
high purity
(3.2.3) and
componentg

3.2.6
calibration
gas or gas 1

fpectrum
bance versus wavenumber for calibration verification gas (3.2.6)

ry: See 10.3.4.

l spectrum
bance versus wavenumber for zero gas (3.2.5)

ime

1l between the instant when a stimulus is subjected to a specified abrupt change an
n the response reaches and remains within specifiedylimits around its final stable
as the sum of the lag time and the rise time in thesising mode, and the sum of the lag
Fime in the falling mode

0 9169:2006, 2.2.4]

hitrogen (99,999 %) or synthetic.air{99,999 %) is used to measure a background sped
[o determine the limit of detection, as well as to purge sample lines and sampling sy

verification gas
lixture where the cencentration(s) and uncertainty(ies) are known, used to check the

level concenftration point of the'measuring system

Note 1 to ent
of target ana

I'y: The gas orgases used is included in the analytical algorithm used to quantify the concentr
yte, and have absorption lines distinguishable from baseline noise at wavenumbers that are w

the upper angl lower.awavenumber limits where the target analyte displays absorption lines distinguishable

baseline nois|
times the sta

e. An gbsorption feature is considered distinguishable from baseline noise if it is greater than
hdard deviation of the baseline noise.

1 the
alue,
time

trum
stem

, to dilute sample and calibration verification gas (3.2.6), and to conduct blank measurements

high

ation
rithin
from
three

Note 2 to entry: This concentration is often chosen around 70 % to 80 % of full scale.

3.2.7
lack of fit

systematic deviation within the range of application between the measurement results obtained
by applying the calibration function to the observed response of the measuring system, measuring

reference m

aterials and the corresponding accepted value of such reference materials

Note 1 to entry: Lack of fit can be a function of the measurement result.

[SOURCE: IS

0 9169:2006, 2.2.9]
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3.2.8
analytical interference
situation that arises when two or more compounds have overlapping absorbance bands in their

infra

red spectra

3.29
limit of detection

LOD

minimum concentration of a compound that can be detected by an instrument with a given statistical
probability

Note

3.2.1
anal

1+ i 1L 1l n) dait i 1 i H n) 43 n) 4 | PR | L £ H H
L LU TIILL Y. Uosudadlly tIIT UTLTULIVIT ITIITIIT IS slVCll do LIITCTU LIIIIT O LIIT SUadlludlu utT vidllull Ul TTUIOSU 11

0
ytical algorithm

the system.

res (3.2.8) by
at particular

metHod used to quantify the concentration of the target analytes and interferénces ig each FTIR
specfrum

Note|l to entry: The analytical algorithm should be used to account for the agnalytical interferen

condyicting the analysis in a portion of the infrared spectrum that is thezmost unique for th

compound.

3.2.11

chemometrics

chenjical discipline that uses mathematical and statistical. methods, (a) to design or se

meas
analj

3.2.1
inde
read
sepa

urement procedures and experiments, and (b) tokprovide maximum chemical inf
sing chemical data

2

pendent reading

ng that is not influenced by a previous individual reading as the two individual 1

Fated by at least four response times

bymbols and abbreviated terms

intensity of incidentradiation
intensity of transmitted radiation
absorbance

transmittance

absorptivity

ect optimal
rmation by

eadings are

optical path length

CCLS

CVA L

FTIR

CLS

© ISO

sample concentration

the known concentration from the reference spectra

the predicted concentrations from the validation spectra
Fourier transform infrared

classical least squares

2019 - All rights reserved
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partial least squares

inverse least squares

ndard error of validation

5 Measurement principle

5.1 General

A sample g
introduced

FTIR spectr
cell. IR spec
sampling bg
documented

5.2 FTIR

Figure 1 illy
radiation ern

is 700 to 4
an interfer
the IR bean]
with the ga

o

s is extracted from ducts and other sources via a sampling system and conti
nto a gas cell of an FTIR system. The IR spectra of the sample gas is measured us

ometer. When a sampling bag is used, the gas sampled in the bag is transferred to th

fra obtained are analysed by using analytical algorithm. Some VOCs might adsorb ont
g surface, reducing meaured VOC concentration. Losses by absorption shall-be tested
before sampling.

Spectrometer components

strates the basic FTIR spectrometer configuration required/for-gas phase analyses. T
hitted by the IR source contains energy at all wavelengths between 2,5 and 14 pm, W
0 cm™! for most IR systems conducting these analyseS{ The IR radiation passes thr
eter, where the motion of an optical element — usually a mirror — optically mody
. The modulated IR beam then enters an absorption-cell through a window and inte
bes of interest. In “multi-pass” (for example “White”) absorption cells, mirrors withi

cell direct the IR beam through the sample gas multiple times; in such cells, the absorption pathlg

can be from
leads to gred
focused ont

4 to 50 (or more) times the cell’s physical length. (A larger absorption path length gene
ater sensitivity.) The IR beam then exits-the sample cell via a second window and
b an IR detector.

;:tlgan

ally

P gas
0 the
| and

he IR
rhich
ough
lates
racts
h the
ngth
rally
S re-
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o>

. 17
4 D
4 [L
" 18
3 -~ 2 R EEEEE
Key
1 IR source 7  absorption cellexhaust
2 gperture or filter 1 (optional) 8 absorptioncell inlet
3 :Eterferometer 9  mirrof
4 cusing optics 10 absorption cell
5 gperture or filter 2 (optional) 11 Anfrared window
6 IR detector

Figure 1 — FTIR spectrometer components and beam path

5.3 | Interferogram

A bepm of the broadband IR radiation is divided into two or more paths with different pptical path
lengths and is recombined to @iye a detector signal with repetitive interference maxima pnd minima
with|the aid of an interferometer. Figure 2 shows the Michelson interferometer as an example.

The |nterferogram is obtained by plotting the detector signal against the difference in pptical path
length. Given a difference in optical path lengths corresponding to an even multiple of the wavelength,
the interference is-constructive, and given an odd multiple, the interference is destructive. An additional
laser] with its owalrdetector is contained in an FTIR system. The radiation emitted by the laser and the
broaf band IR $ource passes through the interferometer simultaneously, although the interferograms
are rlecorded by separate detectors. From the positions of the peaks of the interferogram| of the laser
irradiatien, it is possible to determine the difference in the optical path length, as the laser's input
frequencey is known and is constant (e.g. 632,8 nm for a HeNe laser).

© IS0 2019 - All rights reserved 5
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H

()

Figure 2 —)Principle of the Michelson interferometer

Key

1 IR sourceg

2 beam splitter

3  fixed migror

4 movable|/mirror
5 absorptipn cell
6  detector

5.4 Fast Fourier transform

Every data point in the interferogram contains intensity information about every infrared wavelgngth

transmitted
function of avelength through apphcatlon ofa fast Fourier transform, from which the FTIR techni
name is derived
inverse of the optical modulatlon apphed to the infrared beam as it passes through the interferom

5.5 Beer’s law

The direct proportionality of the absorbance of a compound in a homogeneous sample t
concentration. See Formula (1) which also describes the more general case of gas mixtures.

I 1
log| - |=—log| = |=A=alc

fromsthe source to the detector. It is possible to recover the intensity information| as a

que's
itical
eter.

o its

M
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where

I, isthe intensity of incident radiation;

I isthe intensity of transmitted radiation;

A isthe absorbance;

T isthe transmittance;

6 1

6.1

The 1
the iy
the g

An €
Systd
purg
cont]
samy
pum
cont
upst
if the
the s
meas
ther

The {

r  is the absorpitivity;
is the optical path length;

is the sample concentration.

Equipment

Sampling system

ampling is the process of extracting a small portion which'is representative of the composition of
hain gas stream from a large quantity of waste gas. A partial flow of the waste gas is directed into
as cell of the FTIR spectrometer via a sampling probg,-a particle filter and sampling lirje.

xample of the sampling system using a gas céll* of the FTIR system is shown in Figure 3. The
m consists of an extractive probe and heated-filter to remove fine particles, a bypass|valve for N,
ing gas cell with thermometer and pressure’gauge, an FTIR spectrometer, a mass flgw meter for
rolling the flow rate of sample gas into the gas cell, a shut-off valve and a sampling pump. When the
ling line is long, the bypass pump is set to remove a residual gas in the sampling line. The sampling
b should be installed downstreanref a gas cell to prevent adsorptive losses of analyftes or other
imination by the pump. If the punip is made with inert materials and is heated, it can|be installed
feam of a gas cell. The sampling line and the gas cell of the FTIR spectrometer need to be heated
re is any risk of condensation. The temperature of the upstream sampling componengs should be
ame as or slightly lowef than that of the gas cell. The gas cell temperature and presdqure shall be
ured and compensated and should be at the same or a similar temperature and pressyre to that of
eference spectra. Gas flow rate and temperature shall be recorded.

ampling systém)including sample lines and particle filter device shall:

a)

b)

e made of 'a material that is chemically and physically inert to the constituents of tHe waste gas
nder analysis;

e-designed to ensure a short residence time (with long lines or high flow resistance, the use of an
xternal pump with hyp:\cc is rpr‘nmmpndpd);

c) have aninlet for applying a test gas close to the sampling probe, upstream of the particle filter.

When a sampling bag is used, the gas sampled in the bag is to be transferred to the gas cell of the FTIR
spectrometer. The system using the sampling bag is shown in Figure 4. This system constitutes a
sampling probe, a filter, a sampling valve, a sampling bag, a sampling vacuum box, a valve, a sampling
pump and a flow meter to introduce the waste gas into a sample bag. The sampling bag shall be made of
a material which prevents the adsorption of VOCs. This is not a recommended procedure unless it is not
possible to get the sample extractively.

© ISO

2019 - All rights reserved 7
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9
3 C:] 11
1 g
I T S 10
Key
1 sampling probe 7  gas cell with thermometer.and pressure gauge
2 valve for|introducing test gases 8  FTIR spectrometer
3 particle filter 9  mass flow meter
4  bypass pjump (if necessary) 10 shut-off valve
5 bypass vhlve for N, purging 11 sampling pump
6  sampling valve

Figure 3 — An example of a sampling system using a gas cell of an FTIR spectrometer

2
N
¢ | HD
N\
1 3 6 [\
5 8

Key

1 sampling probe 5 sampling vacuum box
2 particle filter (if necessary) 6 valve

3 sampling valve 7  sampling pump

4  sampling bag 8 flow meter

Figure 4 — An example of a sampling system using a sampling bag

6.2 Analytical apparatus (FTIR)

The FTIR spectrometer consists of an IR source, an aperture or filter, an interferometer, an IR detector,
a gas cell, a mirror and an optical window.

8 © IS0 2019 - All rights reserved
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The devices of an FTIR spectrometer recommended for the measurement of VOCs are as follows:
a) gascell:
— the cell should be made of materials which prevent the adsorption of VOCs;

— materials of the cell shall be Ni, Al, glass or stainless steel (stainless steel is not suitable for
measurement at a high temperature);

— the temperature of the cell should be set at an appropriate temperature to prevent the
condensation of VOCs;

4 the volume of the cell 1s related to a response time (cell volume shall be small enough to obtain
a short response time);

1+ the cell may be either a multi pass cell or a single pass cell;
1+ the consists of inert materials such as a gold coated mirror and a focus mirror;

1+ the optical path length can be adjusted by changing an angle~of the mirror ¢r it can be
permanently fixed;

1+ theproper concentration range for measurement depends.ofiboth the absorptivity ¢f compound
and the path length.

INOTE For ethylene in nitrogen, the proper concentration against path length is 100 to 400 ppm-m (for
géxample, a standard of 10 ppm to 40 ppm ethylene in nitrogenyis recommended for a 10-meter abgorption cell).

b) o¢ptical window:

1+ the window can be selected from the following materials; KBr (40 000 cm™! ~ 340[cm™1), ZnSe
(10 000 cm™ ~ 550 cm™1) and BaF, (562000 cm™1 ~ 770 cm™1);

INOTE1  KBr cannot be used for waste.gas with high water content.

INOTE 2 IfIR spectrain a low watvenumber region are measured, ZnSe is recommended.
c) dletector:

+ semiconductor (e.g.'MCT) or pyroelectric (e.g. DTGS) detectors can be used.
INOTE For semicefiductor detectors, cooling with liquid nitrogen improves sensitivity. See Reference [2].

d) interferometers

— devicethat devides a beam of radiant energy into two or more paths, generates an|optical path
difference between the beams, and recombines them in order to produce repetitive jnterference
maxXima and minima as the optical retardation is varied.

7 Measurement procedure

7.1 General

Comprehensive measurement planning shall be performed before the measurement, taking into
consideration the specific measurement task.

7.2 Choice of the measuring system

To choose an appropriate analyser, sampling line, and conditioning unit, the following characteristics of
waste gases should be known before the field test.

© IS0 2019 - All rights reserved 9
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The target VOCs are based on the known composition of the paints, VOCs used in processing, etc. and
their expected concentration range. Examples for IR spectra absorption features of VOCs using the
printing and painting processes are described in Annex B. The effect of the waste gas composition
should be considered in the design of the sampling system. To do so, the following condition of the

waste gas should be estimated:

a) the temperature of the waste gas;

b) the water vapour content of the waste gas (dew point temperature);

c) the expected dustload and composition of the waste gas;
d) the pregsure of the waste gas;
e) the expected concentration of potentially interfering substances.

To avoid long response time and memory effects, the sampling line shall be as shorf-ds possih

necessary, d

bypass pump should be used.

Before conducting field measurements, the user shall verify that the necessary QA/QC procedur

been perfor
7.3 Samp

7.3.1 Sam

The sampliy]
constructiol
obtained. In
accessibility

7.3.2 San

It is necess
conditions i
representat

7.3.3 Exty

The samplif
the inlet of {
(see Figure

the effect of]
calibration Y

med.
ling

Ipling location

g location chosen for the measurement devices and’sampling shall be of sufficient siz¢
1 to enable a representative emission measurement suitable for the measurement task

and availability of electrical power.

Ipling point(s)

Ary to ensure that the gas coneéntrations measured are representative of the avg
hside the waste gas duct. Therefore, the sampling point(s) shall be selected to allow
ve sampling.

ractive sampling

ig probe is inserted into the waste gas duct, and the sampling system from the pro
he gas cell is)purged with the sample gas by using the sampling pump through the by
3). A sampling rate of 1-10 I/min is generally acceptable. Higher sampling rates deci
adsorption of target analytes in the sampling system, but higher flows increase the rg
rerification gas use. Therefore 1-10 1/min has been successfully used in the past.

A continuou

le; if

b has

b and
to be

addition, the sampling location shall be chosen with regard to the safety of the personnel,

brage
for a

be to
pass
ease
ite of

s‘'sample gas flow rate through the FTIR at known temperature and pressure is kept

while

the analyser continuously scans the sample gas. Periodically a concentration update is processed by the
software depending on the number of scans. This update is between 5 seconds and 5 minutes.

7.3.4 Sampling with a gas bag

If a sampling bag approach is unavoidable, the sampling bag shall be purged with nitrogen gas or dry
air to remove contaminants. The inlet of sampling bag is then connected to the sampling system after
a number of purges to determine if the bag is acceptable for use. The sampling probe is inserted into
the duct and the sampling system purged with sample gas through the probe by using the pump (see
Figure 4). Afterwards, the sample gas is introduced into the bag by opening the inlet of the bag.

10 © IS0 2019 - All rights reserved
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Pre-test and sample quantification procedures
sampling procedures are described in 7.3.3 or 7.3.4.

Before conducting any sample measurements,
manufacturer’s instructions. Acquire an optical background by introducing the zero

prepare the instrument according to the

gas directly

into the FTIR measurement path. The purpose of the background (/) is to remove any infrared

adsorption interferences from the instrument optical components.

Analyse the zero gas and acquire 10 sequential samples. The purpose of these zero gas analyses

is to calculate an 1nstrument level of detectlon (LOD) for each of the components in th

i terest and calculate the1r standard dev1at1ons Apply a factor of 3 to each target anal3
deviation result to produce an equivalent estimated LOD.

Analyse the calibration verification gas through the entire sampling system; including
fhould be in the approximate range as the expected concentrations of the/source gas.
gas concentration is unknown, the calibration verification gas should approximate 3
imit, an occupational exposure limit, etc.

Ensure that all results for the calibration verification gas meet the quality assurance crj
method or take corrective action before proceeding to step 5).

[ollect source samples for a period of 1 hour or amother agreed time period {

fepresentative source conditions.

Duantify the source samples and determine the effective residual for each target 4
¢onsidered that negligible interference is presentif the maximum absolute peak to peaKk
in the residual is not greater than 5 % of thesmaximum absolute peak to peak absorl
gJample spectrum. If this test is failed, it mdy be considered that there is negligible

present if it can be demonstrated that.the maximum absolute peak to peak absorl
fesidual is not greater than twice the maximum absolute peak to peak absorbance of a m
zero gas across the same wavenumbers. If this test is also failed then an interferin

fefined if the test program QA nieeds cannot be met.

Present the results as ppm (v) or mg/m3 actual and also corrected to normal co

emperature, 273,15 K, and pressure 101,325 kPa.

Performance-chracteristics and criteria

General

berformance characteristics and criteria for the measurement system of VOCs by ug

described in this clause. The methods for determination of the FTIR performance

eir analyses

et analytes of

rte standard

the filter. It
f the source
i regulatory

iteria of this

eflective of

nalyte. It is
absorbance
bance in the
nterference
ance in the
easurement
b compound

f
ilight be present in the analysis fegion. In such cases the analytical program used would need to be

nditions for

ing an FTIR
parameters

performance tests.

8.2

Performance criteria

H 3 1 4 L. 3 L 143 i Loll L | s + A A : t
asThotrseequtrvareitaosSorptiot, e Posttioh,€tc—Sitarr ot aotre—accoratitg torex prior to

Table 1 gives the performance characteristics and performance criteria of the measurmement system
of VOCs by using an FTIR. The tests of the performance characteristics with using the zero gas, and
calibration verification gas during field operation shall be conducted and the results of tests shall meet
the performance criteria in Table 1.
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Table 1 — Performance characteristics and criteria of the measurement system of VOCs by FTIR

Performance characteristics Performance criteria Reference
Zero check <+2,0 % of range 8.2.1
Repeatability of calibration <+2,0 % of range 8.2.2
verification gas
Response time <200s 8.2.3
Losses and leakages in the <+2,0 % of range 8.2.4
sampling line

8.2.1 Zer

Base line sh|
primary pat
samples fro
from the pr
quantificati
samples fro

8.2.2 Repleatability of calibration verification gas

After perfor
probe. The 1]
gas by wait
individual r

signals obtafined to determine the repeatability of calibrationverification gas.

8.2.3 Res

After perfor
any particle
calibration Y
apply zero g
reading.

The respon;
and the ins
This time in
gas and the
the concent
reading, ang
stabilized ré
instrument.

b check

all be determined by directing zero gas through the entire sampling system includin
ticulate matter filter. One blank spectra is recorded with the same settings as stibsec
m the process. The sample is quantified with the same model as the subsequent sar
pcess. The reading shall be within the limit of detection determined i %74 2). If the
bn methodology in 10.3 is changed after analysis, it is necessary to quantify the zero
n 7.4 2) and 8.2.1 again as the detection limit can change.

ming 8.2.1 and 8.2.3, apply calibration verification gas upStream of any particle filters i
heasured signals of the FTIR shall be determined after application of calibration verific
ng for the time equivalent to one independent reading and then recording 10 consec
cadings. The repeatability standard deviation shall be calculated by using the meag

ponse time

ming the zero check as described in'.8.2.1, apply calibration verification gas upstrea
filters in the probe. The step change shall be made by swiching the valve from zero g
rerification gas. Wait for the reading to stabilize at 90 % of final stabilized reading and

e time is the time interval between application of calibration verification gas to the f

cludes lag time and rise time (or fall time). Lag time is the interval between applicati
first instance‘where the concentration changes by 10 %. Rise time is the time it take

| the falltime is the time it takes for the concentration to decrease from 90 % of the
adingt0"10 % of the final stabilized reading. Determine both rise time and fall time fq

c the
uent
hples
data
heck

n the

htion
utive
ured

m of
as to
then

as in the same manner. Waitifor the reading to stabilize within 10 % of the final stabillized

robe

fant when the reading reaches and remains within 90 % of the final stabilized reading.

on of
s for

Fation to increase from 10 % of the final stabilized reading to 90 % of the final stabilized

final
r the

When repo

g the average Concentration vatue of tie sampies fromnt tire process, the shortestatt

wed

averaging period is ten times the rise time or ten times the fall time if fall time exceeds rise time. See

Figure 5 for

12

illustration of lag time and rise time.
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Figure 5 — Illustration'of lag time and rise time

8.2.4 Losses and leakage in the sampling line

Losses and leakage are tested in conjdngction with response time. When applying calibration verification
gas ypstream of any particle filters as described in 8.2.2, the stabilized reading shall be within 2,0 % of
calibration verification gas concentration. When applying zero gas after the calibration verification gas,
the sfrabilized reading shall noet-deviate from zero by more than 2,0 % of the calibration verjification gas
concentration.

9 Quality assurance and quality control procedure
At least the following checks are needed for QA and QC for each analyte;

1) acquireI0 sample spectra of the zero gas and determine the limit of detection as 3 x STDEV of the
1erovevel readings;

2) measure a calibration verification gas injected upstream of the particle filter in the probe. If
multiple analytes are being measured simultaneously or if the analytes are so reactive that a
compressed gas cylinder is not commercially available, a surrogate gas with absorption peaks in
the same analytical window as the analyte can be used instead;

3) perform sample measurements;
4) repeat calibration verification gas through the probe to ensure 95 % or better sample recovery;

5) repeat zero gas measurement through system to ensure that LOD has not changed during the
sample measurement.
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10 Data quantification

10.1 General

IR spectra obtained from Clause 7 (measurement procedure) are analysed by using an analytical
algorithm that is usually provided within the FTIR manufacturer’s software. It should be determined that
the manufacturer’s software is appropriate to complete the required analysis and data quality checks.

10.2 Data q

uantification techniques

nnnnnnnnnnnnnn

The gas con
(MVA) techr
of MVA tech
one gas spe

The most co
For a CLS m|
the analyte

Alternative
others can 4
the concent]

10.3 Data

10.3.1 Calibration set

For each gay
the range o
concentrati
have the sa
pressure an|
from HITRA
compatibilif]

For FTIR in
non-linear
for by includ
are present
the analysis

Reference s
concentrati

Reference s

d interferogram processing settings. External library (e.g. NIST) or synthetic (e.g. de

iques. It is assumed that the complexity of any sample to be analysed will need to miak
hiques, although univariate analysis can be used if the sample analysis is simple €noug
ies over a low range.

mmon technique to apply MVA to FTIR data is the Classical Least Squares (CLS) or appr
ethod, all of the species absorbing in the same wavelength region used for the analy
heed to be known. The concentration of all gases in the calibration s€t'shall also be kn

analytical algorithms, such as partial least squares (PLS), invetse least squares (ILS
Iso be applied. These alternative methods can offer benefits over CLS, such as PLS whg
"ation of interfering gases in the calibration set does not need-to be known.

quantification methodology

species to be measured, a set of reference spectra at a number of concentrations spar
the required measurement should be-collected. The analytical range is the maxi
n spectrum in the calibration set, The reference spectra should be collected wit]
me collection parameters as the sample spectra i.e. resolution, temperature, path le

N database) reference spectra‘can only be used if suitable checks have been done to er
y with the sample spectrumifor the instrument used.

struments with low resolution in measuring gases with narrow spectral features, i.e.
esponses (deviation from Beer’s law) are observed. Any non-linearity should be accoy
ing more calibration’points in the method and ensuring non-linearity correction techn
in the analysissoftware. Analysis techniques such as PLS can account for non-linear
algorithm,

pectra_of\all interfering species which will be present in the gas sample at approp
ns shall also be included in the calibration set.

lysis
e use
hie.

bach.
bis of
hW .

and
reby

ning
mum
h, or
hgth,
Fived
sure

CH,,
nted
ques
ty in

riate

This

bectra can be pre-processed in a suitable manner before being used to for analysis.

includes, but is not limited to, mean-centring, variance scaling, peak-fitting and baseline correction.
Some manufacturer’s software can apply propriety pre-processing to data. It should be ensured that
the same processing is consistently applied to all data; calibration, validation and sample.

10.3.2 Analysis band selection

An analysis band will need to be chosen for each gas species to be measured. The selection of analytical
band should be made based on the following selection criteria:

14

it should be the primary region in which specific gas has its major spectral absorption;
avoid areas of interfering gas overlap, if possible;

avoid areas of water and CO, absorption, if possible;
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— ensure that the absorption peaks are minimized (under 0.6 absorbance unit), if possible, to reduce
the effects of non-linearity. A detailed pictorial example of analysis band choice is shown in
Annex C and D.

10.3.3 Lack of fit (linearity) of the analytical software

The analytical software (either directly, or indirectly via exporting) should be able to report predicted
versus actual values for the calibration data to show a linear response over the required measurement
range in the analytical band of choice.

The linearity deviation shall not be outside the limits of +2 % of range.

10.3{4 Validation of analytical model

Validation data (data previously unseen by the model) should be used to challenge”the method built
with|reference spectra. The predicted concentrations from the validation speetra@ should Qe compared
to the known concentration values. The Standard Error of Validation (SEV) should be used to determine
the accuracy of the analytical algorithm. SEV is calculated by Formula (2)

n
2
Z(CCLS,i—CVAL,i)

SEV =|\| =L — 2)

(s is the known concentration from thereference spectra;
(y,;, is the predicted concentrationfrom the validation spectra;
1 is number of spectral points;

The yalue for SEV shall be <2 %.®f‘the range of the calibration.

The guality analysis of the ehemometrics shall be conducted before each measurement. [The general
procgdure is as follows:

1) :[se 2 data sets;reference spectra and validation spectra;
2) build analysisswith reference spectra;

3) ¢heck analysis with validation spectra.

The ¢rrer derived from the analysis of the chemometrics should be within +2 % of a maxjmum of the

measurementt ange:

For example, when the concentration of CH, is in the range from 0 to 100 mg/m3, the reference spectra
at 10, 20, 40, 50, 60, 90, 100 mg/m3 and the validation spectra at 30 mg/m3 and 70 mg/m3 are set. Then
the model is built with reference spectra and the results of the validation are checked. The validation
results should be 30 mg/m3 + 2 mg/m3 and 70 mg/m3 + 2 mg/m3.

10.3.5 Sample analysis

The data analysis method can be predefined and applied to the FTIR instrument before the sample
collection, to give real-time measurements if needed. This is most appropriate for well-defined,
repeatable processes.
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For changing or new processes, as is more common with VOC measurements, it is not always possible
to predefine a complete analysis method before sampling. In this case, an algorithm analysis method
based on the best-available information on the process should be applied. The analytical algorithm can
then be revised offline before final results issued.

It is to be confirmed that the analytical software can recalculate the analysis offline on the saved

sample spec

tra, for this purpose.

10.3.6 Sample result validation

Along with the concentration predications from analysis, the analytical report should:

state if

state if {
— producq

If the analyt
analysis me
to the calib
account for

10.3.7 Res

A minimum|
one at or cl
the minimu
concentrati

Alternative
a residual sj
via manuall
subtracted f

A large resid
— apossiQ
— ahighe
— ahighlg

A scalar req
indicated by

concentration values are outside the range of the analysis, for each spectrum;
he sample spectra residual is high, for each spectrum analysed;
residual and predicated spectra for comparison with the sample, for each spectrum.

ic report shows that any samples are out of range or have a high residual, a revision t
thod is needed. The method should be altered, either with furtherceference spectra 4
ration set or with a revision to the analysis bands, and the sample data re-process
a1l variations.

jdual check

of three residual checks shall be carried out on the'sample data for each gas meas
se to the maximum concentration value recorded“during the sampling; one at or clo
In concentration value recorded during the sampling; and one at or close to the avg
n value recorded during the sampling.

pectrum shall be constructed for each of the three residual checks (either automatica
y generation of synthetic residual)swhere the residual spectrum is the predicted spec
rom the spectrum of sample.

lual spectrum indicates:
le interfering gas species’not accounted for in the calibration method; or
range sample spectrum than accounted for in the calibration method; or
bvel of noise in'the sample spectrum, possibly due to instrument performance degrada

idual cani"\be derived from the residual spectrum and pass/fail placed on this valy
the mranufacturer’s software. The residual should be below 5 %.

0 the
dded
bd to

ired:
se to
brage

hnalytical algorithms have different methods of residual derivation. However, as a minigum,

ly or
frum

tion.

e, as

LTy A 3z oo oz dyy

11 Vvalida

IUIL dllIU UIICT1I Lauu,_y

This ensures that the measurement uncertainty is representative of the application at the specific plant.
The results of validation and uncertainties for the determination of concentrations of VOCs in the waste
gases from painting and printing processes are described in Annex E.
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Annex A
(normative)

Determination of the FTIR performance parameters

A.1 Check the instrument resolution and minimum instrumental linewidth

Verif
the g
abso
vapo
cons
test
atmd

line position and shape, the residual will show this.

A2

Dete
spec
(line

suitable spectral region that remains consistent). [tshall be checked that the peak of water 3

is wi

As in

A3

Mix ]
of th
resp
FTIR|
Ther
pass

© ISO

y and record the system resolution by flowing ambient air through the gas sample cell;4
ressure of the cell to stabilize at sub-atmospheric pressure (approximately 13;3.kPa
Fbance spectrum and measure the resolution at the %2 width and %2 maximum height
ur lines in the region 1 918 cm™1, or from 3 045 to 3 050 cm! or other suitable region t
Fant. It shall be checked that FWHM (full wide half maximum) is within’1%cm1 + 0,1
s not applicable for medium to low resolution instruments and instruments with sa
spheric pressure. This test can be replaced by the residual check in.10.3.7. If there is

Wavenumber reproducibility

'mine the system line position by flowing ambient air‘through the gas sample cell and
frum. Determine and record the wavelength that gorresponds to the maximum peak]
position) of water vapour in the region 1 918 cinl, or from 3 045 cm1 to 3 050 cm™}

thin 0,15 cm™L.

A.1, this can be replaced by a residual*check.

Detector linearity

he calibration verification'gas with zero gas at three different concentrations and note {
e concentration readings. If all three readings are within 2,0 % of the target value, thd
bnse is sufficiently linear and the test is passed. The digital signal processing electry
spectrometer or theydata quantification software may include linearization correction
efore the test is“performed with test gas so that these are taken into account. If th
bd, refer to instciment manufacturer for corrective action.

allg

nd allowing
). Collect an
of the water
hat remains
5 cm~L. This
ple cells at
issue with

acquiring a
absorbance
(or another
t1918 cm™1

he lack of fit
instrument
onics of the
algorithms.
e test is not
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Annex B
(informative)

Example for IR spectral absorption features of VOCs

This annex gives information about the overlapped spectrum of typical VOC mixture sample in waste
gases from painting and printing processes.

The IR specfra of VOCs (toluene, m-xylene, ethylbenzene, 1-butanol) for painting process at 10 pan and
3 m in path| length, 2 cm™! of resolution are synthesized on the basis of the IR database-0f'Natjional
Institute of Standards and Technology (NIST) as shown in Figure B.1. For printing process‘IR spgctra
of VOCs (tolpiene, 1-butanol, 2-propanol, methylethyl ketone, ethyl acetate) synthesized'as well as same

procedure of Figure B.1 are shown in Figure B.2.

Y Y
0’02 K T T T T T T T T T ] 0’02 B T T T T T T T ]
—t Toluene Toluene
— m-Xylene —— m-Xylene
==~ 1-Butanol / - ==-1-Butanol
0,015 | - Ethyl Benzene B 0,015} A Ethyl Benzene N
’ 10 ppmv, 3 m path l'"- 10 ppmv, 3 m path
N
T
0,01 1 0,01 r ‘: .
L
0,005 1 0,005 NI ]
el e e SN 1 X g . Nt L X
1500 [[1300 | 1100 | 900 | 700 | 3200 | 3000 | 2800 | 2600
1490 1200 1000 800 600, 3100 2900 2700 21500
Key

X  wavenumber (cm™1)

Y absorbamnce

Figure B.1 — The IR’spectra of toluene, m-xylene, 1-butanol, and ethylbenzene

For Figure B.1, IR spectra-of three aromatic compounds and one alcohol are overlapped in the re¢gion
from 2 800[ cm™ to,3V100 cm1. The fingerprint peaks of toluene, m-xylene and ethylbenzen¢ are
present in the regionfrom 800 cm™! to 650 cm™1. The 1-butanol has an intense peak in the range ffrom

1000 cm 4o 1 100cm™1.
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Y Y
0’02 T T T T T T T 0 02 B T T “ ‘ T T T T T T T ]
Toluene ’ ——Toluene
—— 1-Butanol —— 1-Butanol
5 2-Propanol i 2-Propanol
0,015 ----MEK 0015 ] ----MEK ]
------- Ethyl Acetate ’ i - Ethyl Acetate
10 ppmv, 3 m path : 10 ppmv, 3 m path
0,01 [ 1 001 [ 1
0,0051 ] 7 0005[ / 1
UEAN h A
3200 | 3000 | 2800 | 2600 1500 | 1300 | 1100 | 900~ N "Fo0 |
3100 2900 2700 2500 1400 1200 1000 800 600
Key
X  wavenumber (cm™1)
Y 3bsorbance
Figure B.2 — The IR spectra of toluene, 1-butanol, 2-propanol,;methylethyl ketone and ethyl
acetate
For Figure B.2, these compounds are selected as representatives of aromatic, alcohol,|ketone and
esterl compounds which have a fingerprint region (650 &m™! to 1 400 cm1) assigned to (-0 or C-0-C
stretching. The IR spectra assigned to C-H stretching.¥ibration of all kinds of VOCs in the range from
3 10D cm™ to 2 800 cm™L Toluene has the intensé\IR absorption in the region from 3 P50 cm™ to
3150 cmand at 710 cm™L.
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Annex C
(informative)

Examples for analytical band choice

Figures C.1 to C.6 show several examples of analytical bands to be chosen or not for quantification of
dichloromethane (red spectrum). The blue spectrum is the typical sample spectrum from the waste gas.

1. Regiong where no specific features for dichloromethane exist should not be chosen.
Y4

35
3
2,5
2
15
1
0,5
0

1000 1500 2000 2500 3000 3500 X

Key
X  wavenumber (cm™1)
Y absorbamnce

Figure C.1 — The typical sample’spectrum from the waste gas

2. Regiond where sample peaks are off scale should not be chosen.
Y

35
3

25
2

1,5
1

0,5
0

e 4

1000 1500 2000 2500 3000 3500 X

Key
X  wavenumber (cm1)
Y absorbance

Figure C.2 — The typical sample spectrum from the waste gas
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3. Regions over 0,6 absorbance unit should not be chosen.

2
15
1
05 ' i ‘
0 M

1000 1500 2000 2500 3000 3500 X

Key
X  wavenumber (cm-1)
Y gbsorbance

Figure C.3 — The typical sample spectrum frem the waste

4. Regions with large amounts of interference should be aveided.
Y4

N

1000 1500 2000 2500 3000 3500 X

X  Wavenumber (cm1)
Y 4bsorbance

Figure C.4 — The typical sample spectrum from the waste
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5. Avoid regions of water and carbon dioxide absorption if possible.

2

1,5
1

0,5 { '
0

1000 1500 2000 2500 3000 3500 X

Key
X  wavenumber (cm™1)
Y absorbance

Figure C.5 — The typical sample spectrum from the‘waste

6. Inthis gxample the band highlighted below is the most suitable analysis band.
Y4

1000 500 2000 2500 3000 3500 X

Key
X  wavenumber (cm™1)
Y absorbamce

FigureC.6 — The typical sample spectrum from the waste
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The typical spectral regions for the different bond types of VOCs

AN

hla Do d T

inla

Daow a
TOToOTCDUTIC

agarnint D oot oo RPaond
I llls\,.l tJl lll.L l\bslull Il ll.ll\, DUIITU Single Bond Stretch
Vibrations Stretch Stretch
7 1€ > <€ >
6 - 5
3] F_J . h—
5 3 Carbof) Monoxide ¢=0
5 3 o Methahol CH,-OH
) S Agetic Acid CH,C=p
s g OH
3 2 B 2 o =
S L i : ;
/\. | 00 Y )| 3
I \ph \ dm‘“ £ A \
04 . J "L . / N "
11000 1500 " 2000 2500 13000 13500 X
OH gtretch- free OH 3610-3 645/sharp) |C=-Cstretch:C-C=-C-C=- |2 040-2 20D
CH
OH gtretch-intramolecular |3 450-3600 (sharp) |C=0 stretch: non 1700-1900
bond conjugated
OH dtretch-intramolecular (13-200-3 550 (broad) |C=0 stretch: conjugated 1 590-1 750
bong
chelptes 2 500-3 200 (v C=0 stretch: amides ~1 650
broad)
NH gtretch- freeNH 3300-3 500 C=C stretch: non 1620-1 680
conjugated
NH §tretch=Hbonded NH |3 070-3 350 C=C stretch: conjugated 1585-1 625
CH gtretch : =-C-H 3 280-3 340 CH bend: CH, 1405-1 465
CH stretch+=C-H 3-000-3100 CHbend: CH- 1 355-1 395,
1430-1 470
CH stretch : C-CH; 2 862-2 882, C-0-C vibration: formates |~1 175
2 652-2972
CH stretch : 0-CH; 2 815-2 832 C-O-Cvibration: acetates |~1 240, 1 010-1 040
CH stretch : N-CH; 2 810-2 820 C-0O-C vibration: ~1275
(aromatic) benzoates
CH stretch : N-CH; 2 780-2 805 C-OH stretch : cyclic 990-1 060
(aliphatic) alcohols
CH stretch : -CH, 2 843-2 863, CH bend: -CH=CH, 905-915, 985-995
2916-2 936
CH stretch : -CH 2880-2900 CH bend: -CH=CH-cis 650-750
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SH stretch : free SH 2 550-2 600 CH bend: -CH=CH-trans 960-970
C=-N stretch non 2 240-2 260 CH bend: -CH=CH, 885-895
conjugated

C=-N stretch conjugated 2 215-2 240

C=-C stretch : C=-CH 2100-2 140

terminal

C=-Cstretch : C-C=-C-C 2190-2 260

24
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The validation of measurement of individual VOC in waste gas

E.1

General

Field

tests for determination of individual VOCs in waste gas from a painting process anld a printing

process by using two kinds of FTIR and GC-PID were conducted for validationof measurement
unceftainty. Individual VOCs in the waste gas from the painting process consistedyof toluernje, m-xylene,

1-but

anol and ethyl benzene, and those from the printing process were toluené, methyl ¢thyl ketone

(MEK), 2-propanol, ethyl acetate and propyl acetate. The set of measurement coriditions of fwo FTIRs is

show

nin Table E.1.

Table E.1 — Set of conditions for two ETIRs

Optics Detector Resollftion Scan tin_le Meagurable i
(cm™) (scan/min) wavelength (cm™1)
FTIR A ZnSe DTGS 1 3 550f8 500
FTIR B ZnSe MCT 8 10 60014 200
Cellpath Sampling rate
Cell temp. (°C) |Cell volume (1) Algorithm
length (m) (1/min)
FTIRA 180 0,3 4,2 PLS .5
FTIR B 180 0,4 2,5 CLS 3,0
E.2 | Validation of measurement of VOCs by comparision with two measyring
FTIR systems
E.2.1 The results of measurement of individual VOCs from painting and printing
prog¢esses
The results of measSurement of individual VOCs from painting processes are shown in Tables E.2, E.3,

E.4 and E.5.

L

[able E.2— The results of concentration of toluene measured from the painting process

Toluene
Index FTIR A system FTIR B system

. Y1, Y,

' mg/m3 mg/m3
1 70,6 95,6
2 82,1 100,0
3 85,5 100,2
4 69,3 101,5
5 212,0 233,6
6 220,3 237,5
7 215,3 2347
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Table E.2 (continued)

S

Cess

Toluene
Index FTIR A system FTIR B system
. Y1, Y,
J mg/m3 mg/m3
8 243,2 233,2
9 318,1 369,2
10 324,2 375,0
11 326;2 37454
12 312,6 3719
Table E.3 — The results of concentration of m-xylene measured from the painting proces
m-xylene
Index FTIR A system FTIR B system
i Y1, Y2,
mg/m3 mg/m3
1 13,1 1471
2 19,4 19,6
3 13,8 17,7
4 29,5 21,9
5 29,8 19,1
6 21,6 22,0
7 19,4 23,1
8 32,3 37,3
9 36,9 34,6
10 31,2 359
11 32,0 359
Table E.4 + The results of coricentration of ethyl benzene measured from the painting pro
Ethyl benzene
Index FTIR A system FTIR B system
. Y1, Va2
J mg,/m3 mg/m3
1 23,0 27,0
2 243 273
3 22,7 26,7
4 58,4 44,6
5 53,3 43,2
6 51,7 43,8
7 64,4 45,3
8 87,6 69,8
9 86,9 68,1
10 88,4 69,8
11 86,3 70,1
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