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Foreword

ISO (the International Organization for Standardization)-is

a worldwide

federation of national standards bodies (ISO member bodigs). The work
of preparing International Standards is normally carried out| through SO

technical committees. Each member body interested in

B subject for

which a technical committee has been established has the right to be

represented on that committee. Internationaljorganizations,

governmental

and non-governmental, in liaison with 1ISO;also take part in {he work. ISO

collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnical-standardization.

Draft International Standards adopted by the technical co

Commission

mmittees are

circulated to the member bodies for voting. Publication as an International
Standard requires approval.by at least 75 % of the member hodies casting

a vote.

International StandardSO 7935 was prepared by Technic
ISO/TC 146, Airquality, Sub-Committee SC 1, Stati
emissions.

Annex A forms an integral part of this International Standar
and C are for information only.

hl Committee
bnary source

d. Annexes B
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can arise in considerable quantities from combustion of
ed for energy generation, industrial activities processing
[ containing material, and from combustion of sulfur con-
The waste gas from these processes, containing sulfur di-
y discharged into the ambient atmosphere, via a duct or a

the mass concentration of sulfur dioxide present in the
tationary source emissions, a number of highly developed

methods of inTgrated sampling and subsequent determination by chemi-

cal analysis an
experience exi
methods is sta
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The procedure

automated measuring systems are available. Considerable
bts on their application under plant conditions. One of these
ndardized as ISO 7934.

ed for example in comparative measurements, where the
asuring methods are involved. The automated technique is
tinuous measurement of the mass concentration of sulfur

vhere performance characteristics are given, the values of
naracteristics are used to decide whether a method is suit-
N measuring task (see ISO 6879:1983; clause 1). Values of
rmance characteristics of automated measuring systems,
ermining the mass concentration of sulfur dioxide present
fationary emission sourcesare' given in clause 5.

brmance characteristics_are given in informative annex B.

for evaluating the vatllies of the performance characteristics

listed in clause 5, is described.jn"normative annex A.
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INTERNATIONAL STANDARD

ISO 7935:1992(E)

Stationary source emissions — Determination of the
mass concentration of sulfur dioxide — Performance

characteristics of automated measuring methods

1 Scope

This Interngtional Standard specifies a complete set
of values pf performance characteristics for auto-
mated measuring systems for the continuous
measuremegnt of the mass concentrations of sulfur
dioxide in dtationary source emissions.

NOTE 1 I the performance characteristics of\ah auto-
mated measlring system are listed according to table 1, this
ensures that the automated measuring system is reliable
and gives satisfactory continuous results.

The set of fata listed in table 1 refers to the perform-
ance chardcteristics of measurement methods, in-
cluding all |[steps from sapapling to recording and, if
necessary, [storage of data.

and non-exjtraCtive automated sulfur dioxide measur-

This Interr:i;tional Standard is applicable to extractive
ing methods.-For both methods it implies the appli-

NOTE 2 . Although it is impossible to give precise testing
details, therrequirements and testing principles are also ap-
plicable\to non-extractive systems.

Table 1 — Main performance chanacteristics

Performance Numerical Test
characteristics value methods
(see
annex A)
Detection limit 2% A4.21.1
Effect of interfering o/ 1) 2)
substances +2% A421.2
Response time < 200s3 A4213
L?t)egral performance +25%N4 A4.22
A

1) Related to the upper limit of measurement.

2) The main interfering substances in the flue gas from
combustion plants are CO,, CO, NO, H,0O and, in
smaller concentrations, NO, and NHs. If the water va-
pour is not remaved from the flue gas of cgal and waste

cability of zero and calibration gas and the availability
of comparable samples. The automated measuring
system can be calibrated with calibration gases, by
applying the manual method described in ISO 7934,
or by applying an automated measuring system pre-
viously verified according to this International Stan-
dard using a different principle of detection. The value
of the integral performance (3.7) is determined by
using ISO 7934 or an automated measuring system
verified according to this International Standard with
a different principle of detection. At present, the range
over WhICh this specn‘lcatlon applles is between
0 g/m to 0,1 g/m and 0 g/m to 8 g/m?® (see table 2
for details).

fired incinerators, HCl and HN may also interfere. In
special cases there may be other interfering substances
(e.g. cyanide).

3) Assuming an integration time of 30 min.
4) See 3.7.

The facilities at which the values of the performance
characteristics given in table 1 have been verified ac-
cording to this International Standard in the appropri-
ate ranges are listed in table 2.


https://standardsiso.com/api/?name=0f0763de68ac10f2def7ee50de30c946

ISO 7935:1992(E)

Measuring range

Facilit
v g/m® of SO,
Furnaces for hard coal 0-1t00-8
Furnaces for hard coal with A ta N1

stack gas desulfuration plant e

3.5 comparative measurements: Measurements
that are performed in the same chimney in the same

sampling plane for the same period of time.

3.6 manual method: The test method defined in
ISO 7934 for the manual sampling and analysis of
stationary source emissions containing sulfur dioxide.

1) Related to [101,3 kPa, 273 K and dry gas.

2 Normative references

The following |standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the edit|ons indicated were valid. All standards
are subject to|revision, and parties to agreements
based on this |nternational Standard are encouraged
to investigate the possibility of applying the most re-
cent editions |of the standards indicated below.
Members of IBC and ISO maintain registers of cur-
rently valid Intgrnational Standards.

ISO 6879:1983| Air quality — Performance character-
istics and related concepts for air quality measuring
methods.

ISO 7934:1989| Stationary source emissions — De-
termination of the mass concentration’ of sulfur diox-
ide — Hydrogen peroxide/bariumperchlorate/Thorin
method.

3 Definitions

For the purpoges-f(this International Standard, the
following definitions apply.

Furnaces for brown coal 0-011t0-30 3.7 integral performance, s,: The integral perform-
Furnaces for heavy fuel oil 0-0,1t00-5,0 ance is a measure of the working accuracy of the
Refuse incineratos 0—0-4-to-0—1-0 AMS. It {s calculated aceording to the farmula for
Coke oven 0to 1 standard deviations.

Calcar with hegvy fuel oil Oto5 The integral performance is derivedrfrom the differ-
Sulfuric acid refovery plant 0to 1 ence in the pairs of measured values-of sulfur dioxide

by the AMS under investigation, and by an|ISO man-
ual method or a verified AMS\ of different measuring

principle on the basis of a(sufficient numbgr of com-
parative measurements, $préad over the perfiod of un-
attended operation (seée annex A).

NOTES

3 It is not passible to determine the standard deviation of
an AMS undet\repeatable working conditions beg¢ause

— commiercially available calibration gas mixturgs contain-
ing-sulfur dioxide do not have all the propertigs of actual
Waste gas and do not cover all possible influgnces;

— the mass concentration of sulfur dioxide in waste gas
usually varies with time;

— it is not possible to maintain the properties pf a waste
gas present in the waste gas flue when it is {ransferred
into a vessel.

4 The reason that the integral performance is defined as
a measure of the working accuracy, is that it gontains, in
addition to random errors, all the effects of interfering sub-
stances, changes in temperature and power line|as well as
zero drifts and span drifts. It also includes the standard de-
viation of the ISO manual method or the verified AMS using
a different principle of detection, which can be determined
separately and eliminated if necessary. Furthermore, it in-
cludes the effects, for the different methods, of |a different
response time to variations in the composition off the waste
gas.

3.1 automated measuring system (AMS): A com-
plete system that may be attached to a chimney to
continuously measure and record the mass concen-
tration of sulfur dioxide passing through the chimney.

3.2 analyser: Analytical part in an extractive AMS.

3.3 verified AMS: AMS previously verified in
ISO 7935.

3.4 calibration gas: A gas of known and reliable
composition that may be used to check the response
of an AMS.

Fhe—mtegratperformance defimed i this—subclause is an
upper limiting value for the AMS. Relevant systematic errors
of the measured values of the ISO manual method, or the
verified AMS using a different principle of detection, have
to be known and taken into account.

3.8 chimney: Stack or final exit duct on a stationary
process used for the dispersion of residual process
gases.

3.9 mass concentration: The concentration of a
substance in an emission, expressed in milligrams per
cubic metre or grams per cubic metre.
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3.10 stationary source emissions: Those waste
gases that have been emitted from a stationary plant
or process and are exhausted to a chimney for dis-
persion into the atmosphere.

4 Description of the automated
measuring systems

4.1 Introduction

There are two types of automated measuring sys-

ISO 7935:1992(E)

— an analytical part.

Certain extractive methods also include sample di-
lution.

The sample probe is placed inside the duct containing
gaseous effluents. The choice of locations may
sometimes be difficult, since the measurement to be
made needs to be representative and calibration
should be possible.

The design of the sample probe and the gas con-
ditioning system essentially depends on physico-

tems:

— extracti

e methods;

— non-extfactive methods, known as in-situ or

cross-du

ct measuring methods.

Examples ¢f the components of these systems are

given in fig

Using the

ires 1 and 2.

extractive method, the representative gas

sample is taken from the stack with a sampling probe

and convey
and samplg
termined a
electronic d

The non-e
sample pro
ation a lar
methods d
mine sulfu
on conduct

ed to the analyser through the sample line
gas conditioning system. The values de-
e often recorded or stored by means of
ata processing.

tractive method does not require any
cessing. In addition, it takes into consider-
per part of the waste gas. Most of the
pscribed in 4.2 and 4.3 are able to deter-
dioxide specifically. Methods which tely
bmetry determine total sulfur oxides;

4.2 Extractive methods

The extrag
sampling a
tenance op

The main p
— a sampl

— a sampl

tive methods enable separation of the
nd analysis parts, thereby: facilitating main-
Brations.
arts are
e probe;

B line;

— a gas c(

nditioning system;

chemical characteristics (composition 01] the gaseous

phase, particle concentration, tempé
dew point, etc.) of the effluentsnto’be
the principle of the analyser dsed. Sin
matter and humidity may influence the n
the line contains a particulate filter an|
elimination device.

In order to limit sulfur-dioxide losses ang
readings, the lineds*frequently heated.

The analytical) detection methods mo
used are_algsorption, using infrared or u
ation,  _fluorescence, using ultraviol
interferometry and conductometry.

4.3 Non-extractive methods

For in-situ or cross-duct methods, an op|
used which is positioned directly in
gaseous effluents. It consists of two
being a radiation emittor, the other a re
radiation which has passed through th
taining sulfur dioxide.

Installation of these two modules, in r
duct, depends on the apparatus used.

The signals from the receptor are subg
cessed, in order to convert the data
tration, expressed as V[V or in milligra
metre.

NOTE 5 When comparing the results fron
methods and non-extractive methods, it ig
know the water content of the flue gases f

ature, water
analysed and
ce particulate
heasurement,
d a humidity

| inconsistent

5t commonly
traviolet radi-
et radiation,

tical device is
the duct of
modules, one
ceptor of the
e gases con-

Blation to the

equently pro-
into concen-
ms per cubic

dry extractive
necessary to
r correction of

the in-situ value to a value on a dry gas basis.
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Gas sampling probe

Particulate filter

Heating jacket or heating bandage
Cooler with condensate-separator
Sampling pump

Filter

Needle valve

Flowmeter

Analyser

Recorder

Inlet for

a) calibration gas mixtures containing sulfur dioxide

b) zero samples

Figure 1 — Example of the components for the extractive method

Key

o WN -

L1

Absorption-cell for calibration gas mixtures

Inlet for calibration gas mixtures
Optical receiver

Electronic module

Recorder

Figure 2 — Example of the components for the non-extractive method
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5 Numerical values of performance
characteristics and their applicability

When measured in accordance with the respective
methods given in annex A, the performance charac-
teristics shall meet the requirements given in table 1.

Together with the measuring ranges from table 2, the
values of table 1 show the state of the art of source
emission measurement of sulfur dioxide.

ISO 7935:1992(E)

automated measuring system is handled and maintained
properly. Checks with calibration gas mixtures containing
sulfur dioxide are carried out and the interfering effect of
changes in atmospheric pressure are taken into account.

8 The performance characteristics given in tables 1 and
B.1 are based on many measurements carried out with
complete extractive measuring systems under plant con-
ditions using the non-dispersive infrared (NDIR), non-
dispersive ultraviolet (NDUV) and conductometric methods
and on results obtained with non-extractive methods. The
value of the integral performance was obtained on the basis
of 60 comparative measurements performed according to

NOTES

6 TableB.] gives additional performance characteristics
that serve gs a guideline to facilitate meeting the perform-
ance charagteristics given in table 1. Table 2 gives facilities
at which the values of the performance characteristics given
in table 1 hgve been applied and verified, as well as the ap-
plicable megsuring range.

7 The valdes of the performance characteristics specified
in table1 result in an inaccuracy of the result less than
+ 10 %, relpted to the upper limit of measurement, if the

RO A
10U 7904,

9 The response time, ¢t < 200 s, indicatefl in table1 en-
sures a sufficient resolution of thechanggs in mass con-
centration of sulfur dioxide existing-in practice, and avoids
long sampling times whep. Garrying o(it comparative
measurements. If a responsé time of ¢ > 200 is applied, this
should be reported with the results.

10 When sufficient ‘experience is availablg for new types
of plant and/or different measuring ranges, the ranges listed
in table 2 and thie applications may be extended.
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Annex A
(normative)

Determination of main performance characteristics of automated measuring
systems

A.1 Scope

This annex depcribes methods for determining the
main performgnce characteristics of the AMS. At
present, the rgnge over which this specmcatlon ap-
plies |s betwegn 0'g/m® to 0,1 g/m3 and 0 g/m® to
8 g/m for stack gases.

The performange characteristics established after in-
stallation of the AMS require validating in the event
of a change in [operation which could affect the AMS
performance, elg. a change in the type of fuel burned.

NOTE 11 For the determination of the main performance
characteristics, the calibration of the measuring system is
the first step. If A.4.1 the different methods of setting,
checking and calibration are explained in detail. These are
methods employfing calibration gases and also comparative
methods. The methods employing only calibration gases are
applicable in pla:r(;(s where the flue gas composition is well
known. They afe also applicable when the comparative
method is considered to be too costly and time consuming;
e.g. in the event|of intermittent use of the plant.

A.2 Principle

Three of the pgrformance characteristics, namely de-
tection limit, r¢sponse time and effect of interfering
substances, are determined eitheron site or in the
laboratory using gases of known concentration. In the
case of an extractive system;-these gases are intro-
duced at the|beginning.'of the sampling line. An
extractive AMY is proyvided by the manufacturer, with
a basic calibration:tand a calibration curve of the
analyser. A nof-extractive AMS is precalibrated.

A3.2 Calibration gases

The calibration gases shall have cefrtified concen-
trations and be traceable to a national‘standard.

A.4 Test procedures.-.

A.4.1 Calibration checks

In the event of¢continuous use, the setting of the
analyser (A.4.%1)*shall be checked at regulaf intervals
given by thé period of unattended operatioh (usually
seven days) In the event of intermittent|use, the
setting.@b the analyser shall be checked before each
use. “The calibration function (A.4.1.3) |shall be
checked at longer intervals (e.g. yearly) or|after the
analyser is repaired.

A.4.1.1 Setting of the analyser

Set up the analyser according to the manufacturer's
instructions. Feed the zero gas (A.3.1) into the analy-
ser and set the zero. Subsequently, feed|in a cali-
bration gas (A.3.2) that has a known congentration
corresponding to approximately 70 % to 80| % of the
full scale deflection of the analyser and set|the scale
reading accordingly. Next, feed the zero gas into the
analyser once more and check that the re¢ading re-
turns to zero; if not, re-adjust the zero and repeat.

NOTE 12  For non-extractive devices, the setfing of the
analyser does not apply as it is part of the AMS.

A.4.1.2 Checking of the setting of the AMS

The integral performance of the AMS is then deter-
mined on site, by comparison with measurements
performed according to 1ISO 7934 or a verified AMS
with different principle.

A.3 Reagents

A.3.1 Zero gas

The zero gas shall be a gas containing no sulfur diox-
ide, for example technically pure nitrogen or sulfur
dioxide-free air.

Carry out the procedures described in A.4.1.1 again,
but this time use the complete AMS. For extractive
AMS, the zero gas and the calibration gas are fed into
the measuring equipment directly behind the sampl-
ing probe (if possible before the filter) at ambient
pressure. In this way, the influence of the sampling
system is taken into account.

For a non-extractive AMS, follow the manufacturers’
instructions. For example, feed the zero and cali-
bration gas into a tube matching the length of the
measuring distance between the radiation emittor and
the radiation receptor, or use absorbing devices pro-
vided by the manufacturer.
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A.4.1.3 Checking of the entire scale of the
analyser

In order to check the entire scale for measuring
equipment that normally has a linear response func-
tion, carry out the procedure given in A.4.1.1 but using
five uniformally distributed calibration gas concen-
trations (20 %, 40 %, 60 %, 80 %, 90 % of the full
scale). To obtain these concentrations gradually dilute
the calibration gas (A.3.2) used for setting purposes
(see A.4.1.1). In the case of a non-linear calibration
function, a minimum of ten concentrations is required.

ISO 7935:1992(E)

after longer intervals (e.g. yearly). Differences greater than
1 % of full scale have to be incorporated in the evaluation
to maintain the values of the performance characteristics;
if the differences are greater than 3 %, there is a fault in the
analyser.

Calibration by comparative measurement according to
this subclause is required when, for example, instal-
ling continuous monitoring equipment at large
sources. This may be performed at the time of instal-
lation of a system and again after several years of
operation.

A.4.1.4 Calibration using comparative
measurements in the stack

For compargtive measurements, take additional gas
samples with a separate probe.

For an extragtive AMS, the inlets of both gas sampling
probes shall pe separated by a distance not exceeding
30 cm, to ensure that the composition of the samples

is as similar ps possible.

For a non-e
a sampling ¢
necessary o
suffice.

Calibrate, as
previously
Standard usi

Carry out 20

after anothel.

The samplin
parative me

ractive AMS, check whether the use of
rid for the comparative measurement is
I whether a single sampling point will

specified in ISO 7934 or with an AMS
erified according to this International
ng a different principle of detection.

pairs of measurements immediately one

y period for each of the pairs of com-
hsurements shall be 30 min Take the

mean of the instrument readings of the ‘AMS over the
sampling pefiiod.

If possible, ghange the values of"the concentration of
sulfur dioxid¢ between each-pdir of measurements.

Calculate thg calibration futiction by linear regression.
Report the cpnfidencelimit with the results.

If the calibration of;the AMS according to A.4.1.2 dif-
fers by more{than.4 % of full scale from the calibration
by linear regression, investigate the cause and take

Comparative measurements can also /g applied, to
investigate the reason for exceeding)thé limit value
of the integral performance (see also)A.4[2.2).

A.4.2 Determination of(performange
characteristics

A.4.2.1 Tests using calibration gases

Perform the tests with calibration gases pn the com-

plete AMS, either in the laboratory or on-site with the

sampling line-installed in a duct.

For an extractive system, feed zero gas|

(A.3.1) and

calibration gases (A.3.2) directly into the sampling line,

as near as practicable to the sampling
figure 1) and at such a pressure that the s
flow is obtained through the analyser as

the sampling head is installed in a duct,
ures, for example by closing any valve

adjacent to the sampling head, to ensu
calibration gases are not contaminated v
from the duct.

For non-extractive systems, special arrang
necessary for the measurements with tg
follows:

The test equipment shall include mec
ponents to feed test gases into the m
path at the appropriate temperature a

head (see
Aame sample
nA4.12 If
take meas-
mmediately
re that the
vith the gas

ements are
st gases as

nanical com-
easurement
hd pressure.

For in-situ type AMS, this may be a segled end-cap

for the probe, with appropriate gas
This entire assembly can be placed in

connections.
a furnace.

For cross-duct measuring equipment, a

arge optical

remedial measures. As a consequence, the calibration
resulting from the comparative measurements is
usually adopted. "

NOTE 13  For extractive AMS, the check according to
A.4.1.1 is always the first step for the determination of the
performance characteristics. Subsequently, the installation
of the complete AMS needs to be checked according to
A.4.1.2. Differences of corresponding values may be pro-
duced by leaks. A dilution failure of the gas probe has to be
smaller than 0,5 % of full scale. Measurement errors caused
by absorption, adsorption and solubility of the measuring
gas are normally due to neglect. Checking of the entire
scale of the analyser according to A.4.1.3 is necessary if the
given drift values in tableB.1 are exceeded frequently, or

cell is required, with windows transparent to the
wavelengths used by the analyser. This optical cell
shall be of sufficient diameter to accomodate the
analyser beam width and of sufficient length to simu-
late the highest test gas concentrations required.

NOTE 14 The necessary devices are provided by the
manufacturers.

A.4.2.1.1 Detection limit

Carry out a minimum of 30 determinations by feeding
zero gas (A.3.1) into the AMS as described in A.4.2.1
and note the reading. Carry out these readings in the
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shortest period of time possible, in order to minimize
the zero drift and the temperature responsive zero
deviation (see annex B).

Assuming a confidence level of 95 %, calculate the

Pmi is the mass concentration of the inter-
fering substance in the moisture, in milli-
grams per cubic metre;

Prs  Is the measuring range, in milligrams per

detection limit x, in milligrams per cubic meter, using cubic metre;
the formula . . .
B n is the number of interfering substances.
x=Xg+ 25,
Compare the calculated value with the measured
where value of the mixture. If the two values agree to within
B . o i 2 %, the effect of combination can be neglected and
X is the mean, in milligrams per cubic meter, the interfering effects for other mixtures can be cal-
of the OlankTeaantgs,; culated.
50 is the standard deviation, in milligrams per NOTES
cublc meter, of the blank readings.

A.4.2.1.2 Eva
substances

Pass into the A
containing varig
fering gas, y, t
the measured

luation of the effect of interfering

MS, as described in A.4.2.1, test gases
us known concentrations of the inter-
hat correspond to typical values. Note
values, x;, expressed as milligrams of

sulfur dioxide per cubic meter, as well as the mass

concentrations,

In gases wherg]
with increasing
the effect of th
the change in
creasing mass
terfering effect
separately.

Determine the
separately and
of all the interf

NOTE15 At
flue gas from co

CO,: 275 g/n
CO: 100 mg
NO: 400 mg

NO,: 30 mg/

ps;. Of the interfering gas.

the change in measured value is linear
mass concentration of a substance,
e substance may be given by xg/pg;. If
measured value is not linear with in-
concentration of a substance, the in-
of the substance has to be determined

effect of each interfering substance
also the combined effect of a, mixture
Bring substances.

pical picture of interfering“substances of
Mbustion plants contains

16 The value given in table 1 is the.sum of intgrfering ef-
fects caused by the maximum interfering substance con-
centrations in the measuring sample:

17 The composition of theflué gas depends greatly upon
the type of plant.

Generally, valid maximum interfering substange concen-
trations cannot be{given.

A.4.2.1.3 «:Determination of response time

Passxinto the AMS, as described in A.4.2|1, a cali-
bration gas containing a concentration of sdilfur diox-
ide corresponding to between 50 % and 90| % of the
upper limit of measurement of the detector

Consider the response time as the average time in-
terval between feeding in the calibration gas mixture
and reaching 90 % of the recorded masg concen-
tration (see 4.2.2.13 of ISO 6879:1983).

A.4.2.2 Determination of integral performance

Determine the integral performance of the| AMS on
site only. Obtain the integral performance by carrying
out a minimum of 30 measurements using|the AMS
under test according to A.4.1.4. Compare the results
with those obtained using ISO 7934 or another AMS
previously verified according to this International
Standard using a different measurement principle.

rest, N,

Calculate the interfering effect, S, of a typical mixture

of substances

x,i/psi, Of the interfering substances, y,, using the for-

mula

from the obtained individual effect,

NOT asuring re-
sults of the AMS, which depends on the quality of the
(complete) automated measuring system, is judged over the
period of unattended operation, a sufficient number of
comparative measurements (as described in this subclause)
is carried out throughout the period.

Calculate the integral performance, sp, and the known
standard deviation, sy, for the measured values of the
ISO manual method (see ISO 7934) using the formula
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