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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 1SO 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 1SQ, also take part in the work. 1SO collaborates closely with the International Electrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member‘'bodies casting a vote.

Attention is qrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent‘rights.

International|Standard ISO 12141 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee
SC 1, Statiornjary source emissions.

Annexes A, C, E and F form a normative part of this International~Standard. Annexes B, D, G, H and | of this
International|Standard are for information only.

iv © 1SO 2002 — All rights reserved
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Introduction

This method was developed from close liaison and cooperation between

ISO/TC 146/SC 1/WG 11 and

CEN/TC 264/WG 5, resulting in the preparation of this International Standard and the European Standard
EN 13284-1. This International Standard is similar to EN 13284-1 with additional emphasis given on the use of high-
volume sampling techniques for the measurement of dust at low concentrations. It also gives procedures for

extending the range of measurement of 1SO 9096:1992 to lower concentrations. As in ISO

096:1992, a

representative, integrated sample is extracted from the flue gas and particulate matter entrained in the ¢
separated|by a filter. The pre-weighed filter is subsequently dried and weighed. Any increase in the-mas

to the coll
To meet th
of accurag
a) exercis
b) extend
c) sampl

This Interr]
blanks, sp

This meth
contains u
and in-sta
systems.

ction of particulate matter on the filter.
e specifications of this International Standard, the particulate sample must be weighed to a S
y. At low dust concentrations, this level of accuracy may be achieved by:
ing extreme care in weighing, as per procedures of this standard,

ing the sampling time at conventional sampling rates, or

ng at higher rates for conventional sampling times (high-volume sampling).

ational Standard in addition differs from ISO 9096:1992 by réquiring the measurement of the
bcifying weighing procedures.

bd may be used for calibration of automated monitoring*systems (AMSs) (see ISO 10155). If t
nstable, reactive or semivolatile substances, the measurement will depend on the filtration
Ck methods may be more applicable than out-stack methods for the calibration of automate

as sample is
5 is attributed

pecified level

mass of filter

he waste gas
temperature,
d monitoring
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nary source emissions — Determination of mass

concentration of particulate matter (dust) at low concentrations —
Manual gravimetric method
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ducts

3 Term

For the pu

3.1
particulat
dust

e

hational Standard describes a reference method for the measurement of low dust ‘eontg
Ireams at concentrations below 50 mg/m? under standard conditions. This method has been
phasis on the region around 5 mg/m®.

ational Standard has been developed and validated for gaseous streams-emitted by waste
rally, it may be applied to emissions from other stationary sources, andito-higher concentrati

S contain unstable, reactive or semi-volatile substances, the measurement will depend on
eatment conditions.

ative references

ng normative documents contain provisions which;‘through reference in this text, constitute
s do not apply. However, parties to agreements’based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate
pferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International (Standards.

1977, Measurement of fluid flow in closed conduits — Velocity area method using Pitot statiG

all parts), Accuracy (trueness and precision) of measurement methods and results

1992, Stationary soudrce emissions — Determination of concentration and mass flow rate
gas-carrying ducts.>— Manual gravimetric method

11994, Statignary source emissions — Measurement of velocity and volume flowrate of ga

S5-and definitions

nt in ducted
alidated with

incinerators.
DNS.

the sampling

provisions of

ational Standard. For dated references, subsegquent amendments to, or revisions of, any of these

hcouraged to
d below. For
SO and IEC

tubes

bf particulate

S streams in

rposes of this International Standard, the following terms and definitions apply.

e matter

particles, of any shape, structure or density, dispersed in the gas phase under the sampling conditions

NOTE

In the method described, all the compounds that may be collected by filtration under specified conditions after sampling of

the gas to be analysed, and which remain upstream of the filter and on the filter after drying under specified conditions, are
considered to be dust (or particulate matter). However, for the purposes of some national standards, the definition of particulate
matter may extend to condensibles or reaction products collected under specified conditions (e.g. temperatures lower than the flue

gas temper.
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3.2
filtration temperature
temperature of the sampled gas immediately downstream of the filter

3.3
in-stack filtration
filtration in the duct with the filter in its filter holder placed immediately downstream of the sampling nozzle

3.4

out-stack filtration
filtration outside the duct with the filter in its heated filter holder placed downstream of the sampling nozzle and the
suction tube {sampling prohe)

35
isokinetic sampling
sampling at g flowrate such that the velocity and direction of the gas entering the sampling nozzle (v,) ar¢ the same
as that of thg gas in the duct at the sampling points, vs

See Figure 1

NOTE The veglocity ratio vn/vs expressed as a percentage characterizes the deviation from isokinetic sampling.

®ink

Vn Vs

Figure 1 — Isokinetic sampling in duct

2 © 1SO 2002 — All rights reserved
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3.6

hydraulic diameter

dh,

characteristic dimension of a duct cross-section

. 4 X area of sampling plane
nT length of perimeter of sampling plane

3.7
sampling plane

plane norrrattothe centretine of the ductat the Sampting position
See Figurg 2.
3.8
samplinglline
line in the pampling plane along which sampling points are located, bounded by the inner duct wall
See Figurg 2.
~_
<
X
[¥g}
~
\\
)
X
[¥g}
~_
Key
1 Sampling lines
2 Sampling plane
3 Access port
4 Flow
5 Top of duct
Figure 2 — Illlustration of definitions in relation to a circular duct
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3.9
sampling point
the specific position on a sampling line at which a sample is extracted

3.10
standard conditions
gas pressure and temperature constants and conditions to which volumetric calculations are referred

NOTE For the purposes of this International Standard, standard conditions are 101,325 kPa rounded to 101,3 kPa; 273,15 K
rounded to 273 K; dry gas.

3.11

overall blan
test sample faken at the plant site in an identical manner to the normal samples in the series, except:thaf no gas is
sampled during the test duration

NOTE The measured mass variation provides an estimation of the uncertainties. The overall blank value; divided by fhe average
sampling volufne of the measurement series, provides an estimation of the detection limit (milligrams per cubic metre) of the
whole measurpment process, as carried out by the operator. The overall blank includes possible-deposits on the filtdr and on all
parts upstrea

3.12
weighing cantrol
procedure for the detection/correction of apparent variations in mass due‘\te possible changes betweep pre- and
post-sampling weighing conditions, by using parts, identical to those to be weighed for dust meagurements,
pretreated and weighed under the same conditions of temperature andyhumidity (e.g. desiccator) as pre{ and post-
sampling

NOTE The control parts are kept free from contamination.

3.13
measurement series
successive njeasurements carried out in the same sampling plane, and under the same process conditiofs

3.14

limit value
average limit value

dust concentration that is permitted by authorities for the plant process

NOTE For pyrposes other than regulatory uses, the measurement value is compared to a stated reference value.

3.15
high-volume sampling
sampling at fates highenthan typical in 1ISO 9096 by using larger-diameter nozzles and higher flowrates fp maintain
isokinetic sampling.conditions

NOTE Nozzl¢ diameters are typically 20 mm to 50 mm, with corresponding flowrates of 5 m>/h to 50 m®/h.

4 Principle

A sample stream of the gas is extracted from the main gas stream at representative sampling points for a measured
period of time, with an isokinetically controlled flowrate and a measured volume. The dust entrained in the gas
sample is separated by a pre-weighed plane filter, which is then dried and re-weighed. Deposits upstream of the filter
in the sampling equipment are also recovered and weighed. The increase in mass of the filter and the deposited
mass upstream of the filter are attributed to dust collected from the sampled gas, which allows the dust concentration
to be calculated.

Two different configurations of the sampling equipment may be used (see 6.2.1) depending on the characteristics of
the gases to be sampled.

4 © ISO 2002 — All rights reserved
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Valid measurements can be achieved only when:

a) the gas stream in the duct at the sampling location has a sufficiently steady velocity (see 5.2);

b) sampling is carried out without disturbance of the gas stream, under isokinetic conditions, using a sharp-edged
nozzle facing into the stream;

c) samples are taken at a preselected number of stated positions in the sampling plane, to allow for a non-uniform
distribution of dust in the duct or stack;

d) the sampling train is designed and operated to avoid condensation and chemical reactions, to minimize dust
deposits upstream of the filter, and to be leak-free;

e) dust depositsupstreamof-the-filter-are-takermintoaccount;

f) the overall blank value does not exceed 10 % of the daily limit set for the process;
NOTE [ High-volume sampling techniques or an extension of the sampling time may be employed,to'satisfy this requirement.

g) the sampling and weighing procedures are adapted to the expected dust quantities.

A measur¢ément series is validated only when the quantity of dust collected during-the’ sampling is at Igast 5 times a
corresponfling positive difference in an overall blank. High-volume sampling teehniques or an extgnsion of the

sampling time may be employed to satisfy this requirement.

Any emisgion value determined in the test series that is less than the\blank value is not valid. Hg

measured

sampling fjme shall be extended or a larger sample nozzle and high-velume sampling techniques emplg

concentrations are below 5 mg/m?, it may not be possible. té fulfill this requirement. In suc

wever, when
N a case, the
yed to collect

sufficient garticulate matter within the specified sampling period.

5

5.1 Gengral

Sampling
at the sanpling plane.

Sampling plane and sampling points

s only possible when a suitable location is available, with a sufficiently high and homogeneous gas velocity

The sampling plane shall be easily reached from convenient access ports and a safe working platform (§ee annex A).

Sampling

5.2 Sanipling plane

Ghall be carried out\at.a sufficient number of sampling points, located on the sampling plane.

sectional grea~Where possible, the sampling plane shall be as far downstream as possible and upstrgam from any

The sampling plane shall be situated in a length of straight duct (preferably vertical) with a constant shaie and cross-

disturbande'that could produce a change in the direction of flow (disturbances can be caused by e.qg.

nds, fans or

partially closed dampers).

Measurements at all the sampling points defined in 5.3 and annex C shall prove that the gas stream in the sampling
plane meets the following requirements:

a) the angle of gas flow is less than 15° with regard to the duct axis (a recommended method for estimation is
indicated in annex B);

b) no local negative flow is present;

c) the gas velocity is at least the minimum for the flowrate-measuring method used (for Pitot tubes a differential
pressure larger than 5 Pa);

d) the ratio of the highest to lowest local gas velocities is less than 3:1.

© 1SO 2002 — All rights reserved 5
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If the above requirements cannot be met, the sampling location is not in compliance with this International Standard

(see 11.2).

The above requirements are generally fulfilled in sections of duct with at least five hydraulic diameters of straight duct
length upstream of the sampling plane and two hydraulic diameters downstream (five hydraulic diameters from the
top of a stack). Therefore, it is strongly recommended that sampling locations be designed accordingly.

5.3 Minimum number and location of sampling points

The dimensions of the sampling plane dictate the minimum number of sampling points. This number increases as the
duct dimensians increase

Tables 1 and

respectively. [The sampling points shall be located at the centres of equal areas in the sampling plane-(in

with annex Q).

Sampling po

2 give the minimum number of sampling points to be used for circular and reetangular ducts

cordance

nts shall not be located within 3 % of the sampling-line length or 5 cm, whichever is greatey, from the

inner duct wall. This may arise when selecting more than the minimum numbers of sampling points prgsented in

Tables 1 and

NOTE When
sampling by in

premeasurement procedures.

2, for example in cases of unusual duct shape.

Table 1 — Minimum number of sampling points for circular ducts

the requirements for the sampling plane (see 5.2) cannot be met, it mayl.be possible to improve representative
creasing the number of sampling points above those specified in Tables_1 and 2. See also 9.3 for sa

pling-point

Range of dampling plane Range of duct diameters C o
dreas (approx.) Mlnlmum. number Mlnllmum'number of
e " of'sampling lines sampling points gder plane
0,1 < 0,35 — 18
0,1t01,0 0,35t01,1 2 4
1,1t0 2,0 1,1t01,6 2 8
2,0 > 1,6 2 At least 12, and 4[per m?P

& Using only g

b For large du

cts, 20 sampling points is generally sufficient.

ne sampling point may give rise to err@rs greater than those specified in this International Standard.

Table 2 — Migimum number of sampling points for rectangular ducts

Range of sampling plane areas o ) o a o ) )
. Minimum number of side divisions Minimum number of samplinpg points
<01 — 1P
0,1to 10 2 4
14%0-2,0 3 9
> 2,0 >3 at least 12, and 4 per n)*©

¢ For large ducts, 20 sampling points is generally sufficient.

@ Other side divisions may be necessary, for example if the longest duct side length is more than twice the length of the shortest side (see C.2).

b Using only one sampling point may give rise to errors greater than those specified in this International Standard.

5.4 Access ports and working platform

Ports shall be provided for access to the sampling points selected in accordance with 5.3 and annex C.

The port dimensions shall allow sufficient space for the insertion and withdrawal of sampling equipment. A minimum
diameter of 125 mm or a surface area of 100 mm X 250 mm is recommended, except for small ducts (less than
0,7 m diameter) for which the port size needs to be smaller.

© ISO 2002 — All rights reserved
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Two examples of suitable access ports are given in annex D.

For safety

and practical reasons, the working platform shall comply with the requirements of annex A.

6 Apparatus and materials (see summary annex E)

6.1 Gas velocity, temperature, pressure and gas composition measurement devices.

Velocity measurements should preferably be carried out using standard Pitot tubes, as described in annex A of
ISO 3966:1977. Alternatively, other measurement devices (S-type Pitot tube, etc.) may also be used, provided that

they are calibrated ng:\in:f standardized Pitot tubes (:r-\r-\ 1SQ 10790)

The tempg
within + 0

When exp
to a referg

vicinity of the sampling plane.

6.2 Sam

The samp
measuren
conditions

6.2.1 Filt
filtration).

a) “In-sta
thereb
the filt
(see a
that of]
A rigid
suppo
“Out-s
of suff

b)

be tenperature-controlled, to ensure evaporation of any water droplets and avoid filtration difficult]

acid, h
used,
sampl

6.2.2 The¢ sampling parts of the system, made of corrosion-resistant and, if necessary, heat-resis

e.g. stainle

pling equipment.

rature and the pressure in the duct shall be measured in order to calculate the actual-dens
05 kg/m?3, also taking the gas composition into account.

essing dust concentrations on a dry basis, and/or where the concentrations are te,be express
nce oxygen concentration, humidity (moisture) and/or oxygen measurements ishall be carri

ling train principally consists of the entry nozzle, filtration device, suction tube, gas pum
ent of sampled gas volume at identified temperature and pressure, and system for controlling
so that they are isokinetic.

ration device, either located in the duct (“in-stack’diltration) or placed outside the duc

ck” filtration devices (Figure 3): the part of the:ttbing between the nozzle and the filter shall &
y minimizing dust deposits upstream of the filter. Due to the dimensions of access ports availa
br diameter is then typically limited to 50«mm, with a sample flowrate of approximately 1 m
hnex G for further discussion of samplg flowrates). Since the filtration temperature is general
the gas in the duct, filter clogging may occur if the stack gas contains water droplets.

leak-free tube of sufficient length (support tube) is used downstream of the filter housing fa
t of the nozzle and filter housing.

cient length to traverse the duct to the required sample points. The suction tube and the filtg
igh-dew-point gases (see also 9.4). For flat filters, diameters between 50 mm and 150 mm

with associated-flowrates of 1 m*/h to 10 m®/h. Other filter sizes may be necessary for
ng applications.

ss/Steel, titanium, quartz or glass.

ty of the gas

ed in relation
ed out in the

b, system for
the sampling

(“out-stack”

e very short,
ble on ducts,
°/h to 3m3/h
y identical to

r mechanical

ack” filtration devices (Figure 4): the part of tubing between the nozzle and the filter (suction {ube) shall be

r holder shall
es related to
are generally
high-volume

ant material,

If further analysis of the collected dust is to be performed, materials in contact with the sample gas and the filter shall
be fit for the purpose, in order to avoid contamination.

The surfaces of parts upstream of the filter shall be smooth and well polished, and the number of joints shall be kept

to a minim

um.

Any changes in bore diameter shall be smoothly tapered and not rigid or stepped.

The sampling equipment shall also be designed to facilitate the cleaning of internal parts upstream of the filter.

All parts of the equipment that will come in contact with the sample shall be protected from contamination during

transporta

©1S0 2002 —
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2 _m' , i_ _i
TNl
8 3
\/_\’I = ==

) Qﬁ

R ¥ J
Key
1 Entry nozzle
2 Filte holder
3 Pitottube
4 Temperature probe
5 TemIerature measurement
6 Statif pressure measurement
7 Diffefential pressure measurement
8 Support tube (in-stack device)
9 Coollng and drying system
10 Sucton unit and gas-metering-device
11 Shuttoff valve
12 Adjustment valve
13 Pump
14 Flowmeter
15 Dry gas volumeter
16 Temperaturé-measurement
17 Barometer

Figure 3 — Example of “in-stack” filter sampling system

6.2.3 Entry nozzle.

The sample gas stream to be analysed enters the sampling equipment via the nozzle. The nozzle is connected either
to the suction tube or to the filter holder.

In order to allow isokinetic sampling of gases flowing at a wide range of velocities (e.g. 3 m/s to 50 m/s) without

causing major change in the sampled gas flowrate, the sampling equipment shall include a set of nozzles of different
diameters.

8 © 1SO 2002 — All rights reserved
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A | 5
s\ LD
1\ g — alky
S

W/ Q1
______________ 16
10 i O
M 12 33 ﬁw E==11h
I D—DK-0— | 15 I
L |
Key
1 Entry nozzle
2 Fijter holder
3 Pitot tube
4 Temperature probe
5 Temperature measurement
6 Sfatic pressure measurement
7 Differential pressure measurement
8 Suipport tube (out-stack device)
9 Cpoling and drying system
10 Stiction unit and gas-metering .device
11 Shut-off valve
12 Agljustment valve
13 PUmp
14 Flowmeter
15 Dfy gas volumeter
16 Temperature measurement
17 Bfrometer

Figure 4 — Example of “out-stack” sampling system

The entry nozzle shall be sharp in order not to disturb the main gas flow. Annex F details three proven designs. Other
designs are allowed, provided it is demonstrated that they give equivalent results.

Because it is necessary, for mechanical reasons, for the nozzle bevel to have sufficient thickness, this leads to

uncertainty in the effective sampling area. This uncertainty should be less than 10 % in order to fulfill isokinetic
sampling criteria. For this reason, it is recommended that nozzles of inside diameter exceeding 8 mm be used.

© 1SO 2002 — All rights reserved 9
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In order to minimize disturbance of the gas flow near the nozzle tip, the following requirements shall also apply:

a) the nozzle shall have a constant internal diameter for a minimum length of one internal diameter, or at least
10 mm, from the nozzle tip, whichever is the greater;

b) any change in bore diameter shall be tapered and of conical angle less than 30°;

c) bends are allowed only after a minimum straight length of 30 mm; their radius shall be at least 1,5 times the
internal diameter;

d) any change in the external diameter of the sampling equipment parts located at less than 50 mm from the nozzle
tip shall be tapered and of conical angle less than 30°;

e) obstaclegTetatedtothesamptmgequipmentare
1) prohipited upstream of the nozzle tip,
2) allowgd beside and downstream of the nozzle tip when situated at more than 50 mm, or at least on¢ times the

size ¢f the obstacle, from the nozzle tip, whichever is the greater.
6.2.4 Suctipn tube (out-stack filtration systems)

The suction t
and mechan

6.2.5 Filter

Libe shall have a smooth and well-polished internal surface, and shall be designed to facilitate

inspection

cal cleaning. The tube shall be temperature-controlled to maintajn Constant the planned conpditions for
the filtration ¢f the gases (see also clause 9).

holder

The filter holdler is a casing in which the filter support and the filter are mounted. When the filter holder is p
bl be temperature-controlled to maintain filtrationvconditions constant and to avoid compdensation

stack”, it sh
(see 9.4).
The parts to

either thq
shall be

a)

be weighed before and after sampling shall be:

filter, or the filter support and the filter;in which case the dust deposits at the inlet of the f
ecovered and weighed (see 11.5)( The use of a filter holder with a conical inlet of angle les

helps to

b)
upstrean
necessat

The filter hol
joints.

To reduce the
fibre mesh) g

inimize dust deposits;

or the fil£r, the inlet part of the filterholder and the upstream parts (e.g. nozzle), in which case dus

of the filter are taken diréctly into account. The outside surfaces shall be cleaned prior to we
y to check whether the"parts to be weighed are compatible with the range of the balance (see

der and the filter‘support shall be designed in such a way that no gas turbulence will occu

 filter préssure drop and to improve the distribution of dust on the filter, a coarse-grain filter su
hall be used.

aced “out-

Iter holder
5 than 30°

t deposits
ghing. Itis
also 8.2).

r near the

pport (e.g.

In high-volume sampling applications, the filter holder and filter shall be configured to avoid filter medium lgss or filter

damage at higher flowrates.

6.2.6 Filters.

The filters to

be used shall comply with the following minimum requirements.

a)

b)

10

The filter efficiency shall be better than 99,5 % on a test aerosol with a mean particle diameter of 0,3 pm, at the
maximum flowrate anticipated (or 99,9 % on a test aerosol of 0,6 pm mean particle diameter). This efficiency
shall be certified by the filter supplier. At higher flowrates, the filter shall have an area large enough to maintain a
pressure drop sufficiently low to meet the filter efficiency specification.

The filter material shall not react with or adsorb gaseous compounds contained in the gas sampled, and shall be
thermally stable, taking into account the maximum anticipated temperature during conditioning, sampling, etc.

© ISO 2002 — All rights reserved
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The choice of the filter shall also take into account the following considerations (see 9.4).

If it is plapned to determine the composition of the dust collected, the choice of the filter, material s
account th

The pressure drop across the filter, and the pressure increase due to the collection of dust while sampling. This
depends on the kind of filter. As an example, the pressure drop can be between 3 kPa and 10 kPa for a gas
velocity of about 0,5 m/s.

When using filters with organic binders, care shall be taken to avoid mass variations due to their evaporation on
heating.

Glass-fibre filters may react with acidic compounds such as SOg, leading to an increase in mass. Their use is not
recommended.

Despite their low mechanical strength, quartz-fibre filters have been shown to be efficient in most cases.

PTFE filters have also been shown to be efficient. However, the temperature of the gas passing thrq

shall

When wei

NOTE1 T
properties,

NOTE 2 F

6.2.7 Su

The suctid

sampling ¢
controlled
through th

Examples

a)

b)

flowrae measurements on dry gas (see kigure 5):

1)
2)
3)
4)

flowrae measurements on (see Figure 5):

1)
2)

3)
4)

co
gal
flo

VO
ab)

he

ori
of

t exceed 230 °C (refer to the filter supplier's documentation).

e blank filter value for the relevant compounds.

phing filters, care shall be taken to avoid errors due to electrostatic charges:

he overall blank value for the determination (see 11.6) depends to some extetit on the choice of filtg
pffinity for humidity, etc.).

bre losses can occur from the filter during the initial sampling periods;, which might affect the overall res

tion unit and gas-metering devices.

onditions (pressure on the suction side down to e.g. 40 kPa). Course adjustments of the floy
by a regulating valve and/or by-pass valve. A shut-off valve shall also be available to shut off
e sampling train.

of two kinds of gas-metering system that-may be used are as follows:

hdenser and/or gas drying towerproviding a residual humidity less than 10 g/m® at the maxin
s5tight pump;
vmeter, to facilitate the flowrate adjustment, calibrated against the volume meter;

ume meter (precision better than 2 % at the anticipated flowrate) with associated absolute
Solute temperature measurement equipment (better than 1 %);

Ated tubing;

fice plate or equivalent device (flow meter), calibrated within 2 % of the anticipated flowrate;

ugh the filter

hall take into

br (mechanical

ilt.

n unit shall be gastight, corrosion-proof and capable of producing the maximum rated flpwrate in the

rate shall be
the gas flow

hum flowrate;

bressure and

the precision

emperature and pressure (nhcnlnm and rliffnmntinl) measurements shall he hetter than 1 %

compressed-air ejector acting as suction device;

atmospheric pressure measuring device.

Other types of arrangement are allowed, provided the component parts meet the requirements of annex F.

If side-stream sampling is used, the side-stream flowrate is taken into account for the calculation of isokinetic
sampling conditions and for the calculation of the total sampled gas volume.

6.3 Dust-deposit recovery materials.

6.3.1 Rinsing solutions: purified water (de-ionized and filtered) and acetone (dry residue less than 10 mg/l).
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Figure 5 — Examples of suction-unit and gas-metering devices

6.3.2 Clean| containers of appropriate size (e.g. 250 mg/l) for storage and transportation of the rinsing solutions.

6.3.3 Plugs (acetone-resistant) to close the suction tube.
6.4 Apparatus for conditioning and weighing.

6.4.1 Weighing containers, in which to dry the rinsing solutions. The mass shall be in accordance with the balance
to be used. Glass and ceramic containers have proven to be suitable materials for these containers. Polymeric
materials are not recommended.

6.4.2 Desiccators, located in the weighing room, with a desiccating agent (silica gel, calcium chloride, etc.).

6.4.3 Laboratory drying oven, controlled to maintain a specified temperature within + 5 °C.
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6.4.4 Balance, with resolution from 0,01 mg to 0,1 mg, the range to be compatible with the mass of the parts to be
weighed (see 6.2.6).

Depending on the balance room location, specific care may be required to avoid of instability reading related to
vibrations, air draughts and temperature variations.

NOTE The weighing uncertainty is related not only to the balance characteristics, but to the whole procedure (see annex G).

6.4.5 Thermometer and humidity meter, located near the balance.

6.4.6 Barometer.

6.4.7

7 Calculation of nozzle diameter to obtain weighable quantities of dust

7.1 Gengral

The nozzl¢ size is estimated from either the volumetric flowrate characteristics-for the particular sampli
used, or gn initial assumption of the expected mass of particulate matterto be collected (obtained
estimation

7.2 Cald

On the bagis of the previously identified gas velocity (vs) atieach sampling point, and the requirement

poration procedure.

or preliminary sampling).

ulating the nozzle diameter from a characteristic sampling train flowrate

Exjraction hood and heating plate for evaporation of the rinsing solutions. Their characteristicg will depend
on the ev.

ng train to be
rom process

that v, = vg

(where v, [is the velocity of the gas through the nozzle),the area, A, of the nozzle (and then the diameter, D,) is
calculated|simply as:
D 2
4, ") _av 2)
4 Un
If the dianjeter of the nozzle (D),) is Hot suitable, a different volumetric flowrate gy (or a different sampling train) is
necessary
7.3 Caldqulating the nozzlg diameter when the sampling time is set and arequired particpilate mass

is to be dollected

In some s
volumetric|flowrate in order to collect a sufficient mass of particulate matter for weighing. The volumetric
be increaged-by‘increasing the size of the nozzle, however, changes in sample train design may be
accommodate the increased flow requirements.

andards{the sampling time is specified. Under such requirements, it may be necessary to

increase the
flowrate may
hecessary to

The volumetric flowrate through the nozzle (gy) is given by:

qv = AnUn
where
A, is the area of the nozzle;

Un

is the velocity of the gas through the nozzle

Under isokinetic conditions, v, is equal to the gas velocity (vs), or v, = vs.
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Under isokinetic sampling conditions, the volume of gas, V;, through the nozzle, divided by the time, ¢, of sampling,
gives the volumetric flowrate, gy, under actual conditions, which is equivalent to A,v,:

Va
qv = ? = Anvn = Anvs (3)
and
v
Ay =" (4)
tus
and if the expected dust concentration, ce.,, Can be approximated from an estimated or desired mass| m, to be
collected, thgn:
!
Cexp = i; (5)
therefore, from equation (4), the nozzle area can be estimated as:
A, = — (6)
CelptUs
For high-volume sampling, characteristics of the entry nozzle shall bé.as specified in ISO 9096, allowing for nozzles
of diameters{from 1,25 cm to 3,43 cm to be used in order to achiev&high isokinetic sampling rates.
8 Weighipg procedure
8.1 Generpl aspects
The filter sha]ll be weighed with or without itstsupport, and with or without all upstream parts from the filter, depending
on the kind of sampling device to be used:
The rinsing polutions shall be evaporated and, depending on the procedure to be used, weighed in|the same
container or fransferred to a smallér container for weighing.
8.2 Pre-sgmpling conditioning
Weighed parts shallbe dried in a drying oven for at least 1 h, at a minimum of 180 °C (see clause 10).
Cool the filteks-and/orthe-weighing-containersto-ambient temperature-in-a-desiccatorlocated-in-the-weighing room

for at least 4 h. For larger parts, e.g. weighing containers, up to 12 h cooling may be necessary. If the humidity is
controlled and dust is not hygroscopic, the filters and/or the weighing containers may be equilibrated in the weighing
room.

8.3 Weighing

Since dust concentration is determined by difference between masses often obtained at one- or two-week intervals,
special care is required in order to avoid weighing errors related to balance drift, to insufficient temperature
equilibration of parts to be weighed, and to climatic changes (see examples in annex H). Therefore, before
performing any measurement, the user shall validate the weighing procedure (see 8.6). It is strongly recommended
to use the same balance for both pre-weighing and post-weighing.
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Before each weighing series:
a) check the balance against standard weights;

b) carry out additional checks by weighing control parts, identical to the parts to be used in the measurement, pre-
treated in the same temperature and humidity control conditions and kept free from contamination;

c) record the climatic conditions in the room.

When weighing large-volume parts (e.g. beakers), the temperature and barometric pressure may influence the
apparent mass. This may be detected using the reference mass of the control parts. In these conditions, weighing
corrections shall be applied, based on the apparent mass modification of three identical control parts of each type
(filter including support, container, etc.).

An increage or decrease in weighing result can be due to:

a) electrgstatic charges, which give erratic readings and which may have to be discharged/neutralized (metallic
plate, fon gun);

b) hygrodcopic characteristics of the filter material and/or dust. Weighing shall be carried out within 3 min after
removal from the desiccator. Three readings shall be taken at 1 min, 2 min and-3 min intervals. If a significant
increage is detected, the sample shall be put back into the desiccator for at least-4 h. The weighing|procedure is
then r¢peated. The dry reference mass will then be calculated by extrapolationto zero time;

c) small gifferences in temperature between the part to be weighed and the environment may disturb fhe balance.

8.4 Post-sampling treatment of weighed parts

Dry all wejghed parts in a drying oven for at least 1 h at 160.9C/(see also clause 9 for specific cases). Afterwards
equilibratel them to ambient temperature as described in 8.2,

When the presence of volatile or reactive compounds is Suspected, dry at the sampling temperature, under a flow of
dry nitroggn (see also 11.2).

8.5 Post-sampling treatment of the rinsing solutions

All the sollitions collected from rinsing all.parts upstream of the filter with water and acetone as descriljed in 9.5 are
taken to the laboratory for further treatment. Care shall be taken that no contamination occurs.

Transfer the solutions carefully to.the dried and pre-weighed containers (see 8.2). During the evaporatign procedure,
the solvent mixture shall not.be-boiled. As the volume of the solution is reduced through the evaporation process,
progressively smaller containers may be used.

NOTE Pragven methods\for evaporation of rinsing solutions are:

a) evaporgtion in anxoven at 120 °C at ambient pressure. It is recommended to use air or nitrogen to dilute acetone vapour to a
safe leyel;

ced to 40 kPa
1, they are kept

b) evaporatien in a closed system (desrccator) The |n|t|al temperature is set at 90 C and the pressure is redL
(absolu e).
at 140 °C and 20 kPa (absolute)

After the evaporation procedure, place the weighing containers in the drying oven for 1 h at 160 °C (see clause 10 for
specific reasons), then cool to ambient temperature as described in 8.2.

Due to the relatively large mass and the volume of the weighing containers compared to the deposits under
investigation, changes in the barometric pressure may influence the weighing results. Therefore, at least three empty
weighing containers of equal size shall be weighed with each series. Any changes in mass may be used for
correction.

Using the same volume of solvent, follow the same procedure to determine at least one blank value to be used for
possible correction.
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8.6 Improvement of the weighing procedure

Experience has shown that weighing uncertainties are related not only to the balance performance but to the whole
procedure applied. Therefore, before performing any measurements, the user shall establish and validate his/her
own procedure, taking into account the sampling equipment and filters to be used.

Repeated weighing of the same parts, spread over several weeks under various conditions (of e.g. external
temperature, humidity, etc.), will provide, through the standard deviation, an estimation of the actual precision of
weighing, including the uncertainties related to the manipulation of the filters, equilibrium time, etc.

Use the results as a first estimate of the overall blank value and to provide a means of calculating the volume of gas

to be sampleprmrordertoobtamrsigmificant date; takinmg o account theanticipated range of dust comncentrations (see

annex G).
9 Sampliphg procedure

9.1 Generpl aspects

The following preliminary procedures shall be taken.

a) Before carrying out any measurements, discuss the purpose of the sampling and the sampling procegdures with
the plantl personnel concerned. The nature of the plant process, e:Q. sSteady-state or cyclic, can|affect the
sampling| programme. If the process can be performed in a steady,state, it is important that this be maintained
during sgmpling.

b) Dates, starting times, duration of survey and sampling periods,ds well as plant operating conditions during these
periods ghall be agreed with the plant management.

c) Make preliminary calculations on the basis of expeciéd dust concentration in order to verify thal expected
sampled |[dust quantities are consistent with attainable overall blank values, and that no overloading of the filter
will occul (see annex G).

For sampling times limited to 0,5h, required” for certain trial or regulatory purposes, the uncertainty of
measurefment is in the range of 2 mg/m® (se€ 12.2). Furthermore, completion of sampling along two|diameters
within 0,% h will necessitate, even for medium-size ducts, simultaneous sampling with two teams, one on each
sampling|line.

Where ppssible, the sampling time-can be extended, which decreases the detection limit to more practicable
conditions (see annex G). The-sampling time should be chosen taking into account the effect of non-steady state
conditions of the stationary-soufce and possible chemical reactions on collected dust on the filter.

d) Taking into account the,ebjective of the measurements and the conditions of waste gases to be sampled, the
user shall

1) choope between an in-stack or an out-stack filtration device. If gases in the duct are saturated (wWater, SO,
etc.),|out-stack filtration devices shall be used,

2) in certain cases, choose a temperature for filtration and conditioning/drying of the filter beford and after
sampling (see clause 10).

e) Take an overall blank sample after each measurement (see 9.6).
9.2 Preparation

Clean, prepare and check the equipment before moving to the test site. Do not reuse any part of a sampling train
previously used for high dust concentration sampling without dismantling and thorough cleaning.

Filters and associated parts to be weighed shall be prepared for each measurement series as a function of the
measurement programme. This includes the parts for the overall blank tests and spare parts (e.g. filter, filter holder,
nozzles, etc.) to cope with process and equipment malfunctions.

Perform the weighing procedures in accordance with clause 8.
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Protect all weighed parts, the suction tube and the other parts of the equipment that will come into contact with the
sample (and will be rinsed later) from contamination during transportation and storage.

9.3 Premeasurements

Depending on the dimensions of the duct, which are to be verified, select the number and location of sampling points
in accordance with 5.2 and annex C.

Measure the temperatures and velocities of the gas at the selected points in the duct, checking also for possible
deviations of gas flow with respect to the duct axis; verify that the requirements of 5.2 are fulfilled. Otherwise, see
11.2.

In order to
suitable m

Determine

NOTE1l F
dynamic pr

NOTE2 T
additional information on the steadiness of the stationary source.

Taking int
suitable e

9.4 Sani

The follow]

a)

b)

9)

h)

Assen|
device
meter.
pressu
be ma
in the

pasurement device at a relevant fixed point on the sampling plane for the monitoring of-the v

bSsure measurement at each sampling point.

check for possible flowrate variations in the duct while sampling, install a separate Pitot tull:e or another

the composition of the exhaust, especially the contents of oxygen, CO, and water!

ow variations in the duct can also be checked using a Pitot tube mounted on the sampling equipmen
ne monitoring of the temperature in the duct and/or CO,/O, concentration (or other relevant paramete

D account the preliminary calculations (see 7.2, and annex H)Y.and the measured velocit
try nozzle diameter that will fulfill isokinetic conditions for all the sampling points.

pling procedure

ng steps shall be followed when sampling is carried-out.

ble the sampling equipment, and check for pessible leaks by sealing the nozzle and startin

blocity.

; this provides

) may provide

ies, select a

g the suction

Care is required in this procedure because*rapid changes in pressure and flow can danpage the gas

The leak flowrate, e.g. measured by pressure variation after evacuation of the train at t
re reached during sampling, shall be below 2 % of the normal flowrate. During sampling, a le
e by continuously measuring the goncentrations of a relevant gas component (CO,, O,, etc.

indica

rectifigd.

Prehe
recom
facing

Seal i
Turn th

suctiof device-and adjust the flowrate to obtain isokinetic sampling conditions within i’lg %.

The sg

e maximum
Ak check can
both directly

duct and downstream from the sampling train. Any detectable difference between those concentrations

s a leak in the sampling equipment parts located out of the stack. This leak shall then be invs

t the relevant parts of-the“sampling train to the selected filtration temperature, e.g. stack te
mended temperature-of-160 °C £ 5 °C. Insert the sampling train into the duct with the nozzl
downstream, avoiding contact with any parts of the duct.

e opening ofthe-/access port to minimize air ingress or exposure of operators to toxic gases

pstigated and

mperature or
b if possible,

e sampling, probe until the entry nozzle is facing upstream within 4= 10°, open the shut-off valve, start the

mpling time at each selected point shall be identical.

The total sampling time shall be at least 30 min.

During sampling, check at least every 5 min and adjust the flowrate to maintain isokinetic sampling conditions
within tlg %. Continuously monitor or record, at least every 5 min, the dynamic pressure measured by the Pitot
tube or another suitable measurement system either installed at the fixed point or mounted on the sampling
equipment (see 9.3).

NOTE Good laboratory practice when using the dry-gas meter is to record at least every 5 min the gas meter temperature
and pressure, and to use the results for calculating the final sampled volume.

Do not stop sampling when moving the sampling train to the next sampling point, and immediately adjust the
flowrate to obtain isokinetic conditions.

Record the sampling time and sampled volume or flowrate at each sampling point.
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device, remove the sampling train from the duct and reposition it on the next sampling line.

On completion of sampling at all the selected points of one sampling line, close the shut-off valve and the suction

For low dust concentration measurement, it is recommended to use only one filter for a complete measurement

ve sampling).

The filter load and the maximum gas velocity shall not exceed the filter manufacturer's recommendations.

On completing the entire sampling run at all points:

remove the sample train after closing the shut-off valve and suction device;

check the equipment for leaks as under 9.4 a) if leakage has not been monitored during sampling;

i)
(cumulati
)
1)
2)
3)
stain
to the
dust
k) Measure
[) Putthe g
(see clau
9.5 Recov
Rinse all the

unless the qt

Take special
procedure.

Rinse the
care that
followed

a)

b) Torinse
the volu
Transfer

followed

No mechani
before each

Rinse the up
day.

Attribute the

1o

dismlintle the sampling equipment and visually check the filter and the filter holder for signs of b

5 due to pressure or to the concentration of moisture (sampling equipment operated betow o
dew point). If such signs are detected, the test is not valid. Check also for non-uniform dis
bn the filter.

and record the barometric pressure.

arts to be weighed in a closed electrostatic-free container for transport to\the laboratory fo
se 8).

ery of deposits upstream of the filter

non-weighed parts that are in contact with the sample gas-tupstream of the filter to recover th
antification of possible deposits is not required (see 11.5).

care to avoid contamination if the rinsing is done an site. Carry out rinsing according to th

nozzle, elbow and other parts upstream of thefilter carefully with water into a storage contai
nothing from the outside falls into the container. Repeat the procedure with a second rinsir]
Dy acetone into the same container.

e suction tube, seal one end and fill,with enough water to wet and clean the inner surface (1
of the suction tube) and then seal the other end. Clean the tube by rotating and tilting sev
he solution to the transport storage container. Repeat the procedure with a second rinsin
Dy acetone into the same caontainer.

al cleaning shall be-applied to recover dust deposits upstream of the filter. However, it is
measuring series tosmechanically clean and rinse the equipment.

Stream partsatleast after each measurement series on the same sampling plane, and at le

recovered mass to individual tests in proportion to the mass collected on each filter.

eakage or
I too close
ribution of

I weighing

b deposits,

e following

ner, taking
g of water

3to 1/2 of
eral times.
g of water

necessary

Ast once a

9.6 Overal

I DIaNK Sample

Take an overall blank sample after each measurement series or at least once a day, following the sampling procedure
described in 9.4 without starting the suction device. This provides an estimate of the dispersion of results related to
the whole procedure as carried out by the operators for a near-zero dust concentration, i.e. contamination of filters
and of rinsing solutions during handling on site, transport, storage, handling in the laboratory and weighing
procedures. All overall blank values shall be reported individually.

10 Thermal behaviour of dusts

Emitted dusts are generally thermally stable. However, in some processes the gases to be sampled contain unstable
or semi-volatile compounds (usually in particulate form at low temperature, in gaseous form at higher temperature).

18
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In such cases, the measured dust concentration depends on the filtration temperature and/or on the drying
temperature before final weighing.

Particulate matter may be defined in national standards in terms of a specified standard temperature (e.g. 125 °C,
15 °C). In such cases, the sampling system shall be designed so as to collect pollutant materials that exist as
particulate matter [solid phase or liquid droplet (aerosol)] at the specified temperature. This can be done by installing
the filter and filter assembly externally to the probe, into a temperature-controlled chamber.

If materials that are condensable in ambient air are included in the national standard definition for particulate matter,
it may be necessary to include materials caught in a cooled impinger assembly added after the filter. Suitable
extractive methods for organic or other materials should then be defined in the national standard. This International
Standard floes not address such procedures, however it is noted that care should be taken that any procedures
applied dg not result in the introduction of artifacts non-representative of actual emissions.

Such phenjomena have been reported in various industries, e.g.:

a) power|plants equipped with desulfurization processes, because of the occurrence of hydrates;
b) heavy|fuel oil power plants or diesel engines, causing the formation of SO5 and/or organic emissiofs;
c) glass furnaces, because the occurrence of semi-volatile boron compounds_has been experienced:;

d) waste jncinerators with wet and semi-dry gas treatment processes,

Differencep (up to a factor of 10) in the measured dust concentrations have been experienced and therefore in such
cases, thelmeasured results shall be associated with a stated temperature (i.e. the highest temperature|sustained by
the sampléd dust before weighing). Because of the extreme Variety of the situations that may be encquntered, it is
not possibje to specify a conventional temperature that could’be relevant in all cases.

However, since the complete trapping of volatile compounds would necessitate a very low filtration temperature and
special cafe during sampling, more reproducible results may be achieved if these compounds are not tfapped or are
further evaporated when drying. Therefore a conventional temperature of 160 °C, which avoids the trapping of most
volatile compounds and decomposes most hydrates, is generally convenient.

It is howeyer possible to obtain reproducible results if unstable or semi-volatile compounds are eithef not trapped
and/or arelfurther evaporated when'drying. In such cases, the measured results are only consistent whegn associated
with a spetified temperature, such as the highest temperature sustained by the sampled dust before wgighing.

According|to this convention, the parts of the sampling train to be weighed should therefore be
— conditioned at 180°C before sampling,

— set at any temperature equal to or less than 160 °C during sampling,

— conditioned at 160 °C after sampling.

Depending on regulatory requirements and plant authorization, on special kinds of effluents, or on the specific
objective of the measurement, other conventional temperature treatments can be adopted: e.g. if aerosols or
condensable compounds are to be taken into account, the temperature shall be reduced during post-sampling
treatment.

In any case:

— the weighed parts shall be conditioned before sampling (see 9.1) at a temperature at least 20 °C above the
maximum temperature reached during sampling and post-sampling treatment;

— the temperature used while sampling and while conditioning before weighing shall be indicated in the test report.
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11 Validation of results

11.1 Gene

ral

Annex F provides a summary of the requirements mentioned in this International Standard.

11.2 Parameters depending on the stationary source

If no suitable sampling location (see 5.1) exists in the plant, and/or measurements have been carried out during non-
steady state conditions of the plant, which leads to an increase in the uncertainty of the measurements, it shall be

stated in the ftest report that the measurement is not in accordance with this International Standard.

Details on thge characteristics of the flow at the sampling location and/or on the variations of the flowrate

while sampli

11.3 Leak
Errors are cg
flowrate or, v
out as descri

Therefore, th

11.4 Isoki

If the mean &
the measure

If this criterio

115 Depo

Experimenta
in the range

concentratiofs around 5 mg/m®.

These depog
but no efficie

of the filter shall be rinsed:=The mass of the dust on non-weighed parts upstream of the filter shall be indic

test report, in

When sampl
non-saturate

g shall be stated in the test report.

check
hen using monitors, any detectable difference shall be investigated-and rectified or a leak t
bed in 9.4 a).

e sampling train shall be check for leaks.

netic flowrate

ctual isokinetic flowrate during the sampling at the'sampling plane varies by more than —5 %
ment is not valid.

h is not fulfilled due to frequent variation of'the flowrate in the duct, see 11.2.

sits of dust on non-weighed parts upstream of the filter
work carried out when preparing EN 13824-1 proved that dust deposits upstream of the filtg
of 10 % to 30 % of theJtotal dust when sampling gases from waste incinerators at
its probably depend on the design of the sampling equipment, and on the kind of dust to be

ht means wag found to keep them at a negligible level. For this reason, all non-weighed parts

addition‘tothe mass on the filters used during the same measurement series.

n the duct

used by the occurrence of leaks in the sampling train. Leakage shalkb@ less than 2 % of the minimal

pst carried

to +15 %,

r are often
particulate

sampled,
upstream
ated in the

ng-with in-stack filtration devices with no bends between the nozzle and filter holder (see apnex E) on

}

H‘gases, with a temperature well above the stack gas dew-point, the upstream deposits do jot have to

be quantifie

provided that validation has been carried out under conditions similar to the process to prove that the

deposit concentration, expressed in the same units as the measurement results (e.g. milligrams per cubic metre),
does not exceed 10 % of the daily average limit value set for the process.

11.6 Overall blank

The overall b

lank shall not exceed 10 % of the daily limit value set for the dust concentration.

No result below the overall blank value is valid.

Weighing uncertainties (see annex I) contribute to the overall blank, therefore the weighing uncertainties shall be less
than 5 % of the limit value.
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12 Calculations

12.1 Sampling volumetric flowrate

In order to perform isokinetic sampling, calculate the required sampling flowrate, taking into account the velocity of
the gas in the duct at the sampling point (see annex B), and the effective diameter of the sampling nozzle. For
isokinetic sampling, the velocity of the gas at the nozzle, v,, is equal to the flue gas velocity at the sampling point, vs,

or:

Un = Us

The volum

qv =
According

qv =

where A,

etric flowrate at the nozzle, gy, expressed in the actual conditions at the nozzle is:
A, - v,

to equation (7), isokinetic sampling is conducted when:

A, - Vs

s the area of the nozzle.

Because the sampling flowrate is measured under conditions (temperature, pressure, humidity) that

from the a

qQvm F

where

qdv.,m

QD

3

Pm

ctual conditions of the gas in the duct, gy shall be corrected-as follows:

100 — Hy(Tr - pa)
100 — Hn (1% - pm)

qv.,a

is the sampling flowrate at the gas eter;

is the sampling volumetric flowrate through the nozzle in the duct (actual conditions);

is the moisture, expresséd,as a volume fraction (percent), of gases at the gas meter;

is the moisture, expressed as a volume fraction (percent), of gases in the duct (actual cond
is the temperature of gases at the gas meter, in kelvin;

is the temperature of gases in the duct (actual conditions), in kelvin;

is‘the absolute pressure of gases at the gas meter measurement;

@)

(8)

©)

usually differ

tions);

Pa

is the absolute pressure of gases in the duct (actual conditions).

(10)

Compare the gy target value to the gy , obtained during the test, in order to check for isokinetic sampling
compliance.

12.2 Dust concentration

For each test, calculate,

a) the sample volume V, specifying whether it is expressed on a dry or wet basis and under normal conditions;

b) the total mass of dust collected, m, upstream of the filter (rinsings) and on the filter;

© ISO 2002 — All rights reserved

21


https://standardsiso.com/api/?name=03d68cf38a16a320a58ab6a331448cc9

ISO 12141:2002(E)

c) the dust concentration, c:

m
c=—

%

(11)

It is sometimes necessary to express dust concentrations relative to a reference O, concentration, to correct for
dilution effects.

The measured dust concentration shall be multiplied by the correction factor f:

—:

21
21

e

where

onz,ref 1S

$0o,,m

21

=

13 Perfor

Because waj
of the metho

However, pHg

comparison lpetween paired values z; and x, to be-calculated.

The standard

4 the volume fraction, in percent, of dry O, measured in the duct;

¥ Orref

- onz,m

the volume fraction, in percent, of dry O, under reference conditions;

the percent of oxygen in air.

mance characteristics of the method

te gas composition varies with time, it is not possible to determine the repeatability and rep
] in accordance with ISO 5725 (all parts). See afinex | for precision data.

rformance of successive parallel sampling tests with two identical systems allows a

deviation, s, of the paired values is calculated as follows:

(iEi,l - éL‘i,z)Z

=< 7

where n is th

The standard

2n

e number_of’sample pairs x; and x;.

deviation may be used for the calculation of:

a) the interrn

(12)

foducibility

statistical

(13)

al nm‘prmint\l/ 2 (nr internal confidence inmr\/nl) linked to_an individual measurement carrid

d out by a

team:

u="togs;n—1"$

where ¢ g5. 1 IS the Student factor for a 95 % confidence and n — 1 degrees of freedom;

b) the repeatability, r, in accordance with ISO 5725, i.e. the maximum difference between two measurements by the
same team, for a 95 %, confidence level:

r :\/Eto,gs; n—1°98

These data are to be considered as tools for measuring institutes in the framework of quality assurance.

22

(14)
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When data are provided by several independent teams operating together, similar calculations can be conducted and
provided as an estimation of:

— the external uncertainty linked to an individual measurement carried out by any team in compliance with the
requirements of this International Standard. This uncertainty shall be taken into account when comparing the
measured values to the emission limit value;

— the reproducibility, R, i.e. the maximum difference, that can be expected, at a 95 % confidence level, between two
measurements carried out by different teams working in accordance with this International Standard at the
process conditions.

When cariying out mMeasurements at fow [ever concentrations, the detecton fimitmay be estmarted
— by pargllel measurements and calculation of the uncertainty,

— by suqgcessive measurements at near zero concentration. The detection limit is assumed to be thfee times the
standgrd deviation.

14 Test{report

The test rgport shall refer to this International Standard, and shall include-ttie following information:
a) identification of the customer and of the persons responsible for and'involved in the measurements
b) description of the purpose of tests, identification of the site, date of sampling;
c) description of the operating conditions of the plant procéss, and any variation during measurements;
d) identification of the sampling location, and gas parameters in the duct:
1) dupt dimensions, humber and position ofcsampling lines and sampling points,
2) velocity and temperature profile,
3) Oy CO,, humidity concentrations, volumetric mass of gases,
4) compliance with requirements of 5.2;
e) measyrement procedures:

1) velocity measurement (calibration of velocity measurement devices other than standardizeq Pitot-tubes,
etg.);

2) chpractefistics of sampling equipment:

i) nozzle diamefer,
ii) filter (material, sizes, etc.),
iii) calibration of volume or flowrate measurement devices,
iv) filtration temperature;
3) weighing procedures:
i) conditioning temperature,

ii) correction of apparent masses;
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f)

a)

h)

24

test results:

1) number of tests;

2) for each test:

i) date, time and duration,

ii) sampled volume and average flowrate,

iii) dust mass on the filter and in the rinse solutions,

iv) raw results (dust on filter, dust in rinses) and corrected results (standard conditions),

V) any special circumstance or incidents.

Raw dat3g
shall be i

quality ag

ncluded in the report or shall be available for inspection.

surance:

1) leak fest results,

2) overs
3) comy
commen
1) value

2) any
unce

3) anyn

tainty of the results (see annex, etc.),

nodifications to the method, for any reason.

Il blank value,

liance with isokinetic criterion;

S:

of the ratio of the overall blank value to the measured values inthe same unit,

, €.¢. gross mass, average temperature during sampling, average dust pressure during sampling, etc.,

Epecial circumstances that might have influenced the results, and any information concgrning the
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Annex A
(normative)

Requirements related to the working platform

reasons, the permanent and temporary working platform shall be provided with

a) an adequate working area, normally not less than 5 m?;

b) capacity to bear at least 400 kg point load;

¢) handrgils (approximately 0,5 m and 1 m high) and vertical baseboards (approximately 0,25mM); h
have removable chains across the top of the ladders or self-closing gates;

d) waterq

For practid

— shall be positioned relative to the access ports in such a way that the handrail is-clear of the apparat

roof electrical sockets, plugs and equipment if they are to be exposed to weather.

al and quality assurance reasons, the working platform

andrails shall

IS to be used

and fr¢e from obstructions that would hamper insertion and removal of the sampling equipment (the length of

which may exceed 4 m for large ducts);

— shall have a minimum length and breadth across each access port-0f from 2 m to more than 3 m

the pr(

The meaduring site shall have artificial lighting and be ventilated." Provisions shall be made for req

be plus 1 m).

the length of

hisite electric

power, anf upon request, water and compressed air, etc., shall be supplied. Hoists for raising angl lowering of

equipmen

Suitable p

may be needed.

otection shall also be considered for personnel and equipment if the platform is exposed to V

veather.
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B.1 Type

Annex B
(informative)

Determination of flow direction with Pitot tubes

L Pitot tube

The type L Pitot tube provides an accurate measure of gas velocity when the Pitot tube is aligned (yawed) within 15°,

of the direct
decreases sl

on of the gas flow. However, the pressure difference between the two pressure-sensing orifices
arply when misalignment exceeds 15°, until a negative response occurs when the headi$)af{90° to the

gas flow. Thig provides a simple method for estimating gas flow direction and may be used to test for'the pfesence of

swirling flow ithin the duct.

B.2 Type

S Pitot tube

The type S Ritot tube accurately measures the gas velocity to within 4 % when, the/Pitot tube is aligngd (yawed)

within 15° of

the direction of the gas flow. However, when the planes of the Pitot-tube pressure-sensing grifices are

parallel to the stack flow, a null (zero) reading is obtained. Thus, the pressure_ef swirling flow can be detgrmined by

rotating the t

direction of flow will be parallel to the pressure-sensing orifice planes.

pe S Pitot tube (with the manometer properly zeroed and leyéelled) until a null reading is obthined. The

26
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Annex C
(normative)

Determination of positions of sampling points in circular and retangular

ducts

C.1 Requirements for circular ducts

Cl1l G
For circuls

each area
duct (see

Figure

The locati
diameters

bneral

r ducts, the sampling plane shall be divided into equal areas. The sampling points; one at
shall be located on two or more diameters (sampling lines), and one sampling\point at the
Figure C.1).

od

C.1 — Sampling-point positions in circular ducts — General rule for ducts over 2 m di
(hatched positions are of equal area)

bns of the sampling-peints depend on the number of sampling points chosen. For circular du
are sufficient. The-distance, x, of each sampling point, 2, from the duct wall may be expresse

id

the centre of
centre of the

hmeter —

cts, two duct
d as:

(C.1)

is-a factor, expressed as a percentage, in accordance with Table C.1;

d

is the length of the diameter of the duct.

Table C.1 gives values of k; as a percentage, where ngq is the number of sampling points per diameter and i is the
position number (index) of the individual sampling point along the diameter.
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Table C.1 — Value of k; as a percentage — General rule for circular ducts

Sampling point index ki
’L. nd:3 ’I’Ld:5 nd:7 ’I’Ld:8
1 11,3 59 4,0 3,0
2 50,0 21,1 13,3 9,8
3 88,7 50,0 26,0 17,8
4 78,9 50,0 29,0
5 94,1 74,0 50,0
6 86,7 71,0
7 96,0 82,2
8 90,4
9 97,
For circular ¢lucts where it is necessary to increase the number of sampling lines (diameters) or the phumber of
sampling points (because of adverse flow conditions, for instance), the general formulae. (C.1) for calcplating the
distance of the sampling point, from the duct wall along the diameter become:
d| ng(n; — 21) + 1 oon;+1
x;=— |1— (i ) fori < — (C.2)
2 ngn; —1)+1 2
d .o on;+1
T, = — fori = — (C.3)
2 2
ng(2t —2—mn;) +1 .oon;+1
x; =— |1— a i) fori > — (C.49)
2 ng(n; —1) +1 2
where
T; i the distance of point 7 from the duet wall;
d if the length of the diameter of\the duct;
) i the index of sampling/point along the diameter;
n; ig the number of sampling points along each sampling line (including the centre);
Ny ig the number.of diameters of sampling.
C.1.2 Tangentiakrule
In the “tang ntial rule” :\pplir‘nhln to circular {’Illf‘fc, the cnmpling pl:\no is divided into nqlml areas_Th Samp"ng

points, one at the centre of each area, are located on two or more diameter (sampling lines), there being no sampling
point at the centre of the duct (see Figure C.2).

The locations of the sampling points on each diameter depend on the number of sampling points on each diameter,
but are independent of the number of sampling diameters.
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od

Figure C.2 — Sampling-point positions in circular ducts — Tangential rule
for ducts over 2 m diameter

For circulgr ducts where two sampling lines (diameters) are sufficient, the distance of each sampling goint from the
duct wall may conveniently be expressed as in clause C.1:

Ty = ks ° d (C.5)
where
k; is a factor, expressed as a percentage, in accordance with Table C.2.

Table C.2 give values of k; as a percentage, where ng isthe number of sampling points per sampling line (diameter),
and ¢ is the position number (index) of the individuaksampling point along the diameter.

Table C.2 — Values of k; as‘apercentage — Tangential rule for circular ducts

Sampling point index k;
) Ng = 2 ng = 4 Ng =6 ng| = 8
1 1416 6,7 4.4 3
2 85,4 25,0 14,6 10,5
3 75,0 26,0 17,8
4 93,3 70,4 32,3
5 85,4 q7,7
6 95,6 80,6
7 96,0 82,2
8 89,5
9 96,7

For circular ducts where it is necessary to increase the number of sampling lines (diameters) or the number of
sampling points, the tangential formulae (C.5) for calculating the distance from the duct wall along the diameter
become:

2 —1

T; = forz <

NS

(C.6)

N |
S
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where the symbols have the same meaning as in formulae (C.2) to (C.4).

1] . n
fors > —
2

(C.7)

This method is particularly useful for large ducts where it is difficult to reach the centre of the duct.

C.2 Requirements for rectangular ducts

For rectangular ducts_the Qnmpling lhl;mn shall he divided into pqll;ﬂ areas hy lines Inamllpl ta the sides of the duct,

and a samplihg point located at the centre of each area. (See Figure C.3.)

In general, thie two perpendicular sides of the rectangular duct are divided into an equal number of parts, giving areas

that have theg

same shape as the duct. The number of partial areas is thus the square of 1, 2, 3;.etc. degending on
the number qf divisions per side. [See Figure C.3 a).]

If the lengths|of the sampling plane sides [, and [, have aratio [1/], > 2, side I; must be-divided by a number greater
than [,, so thpt each of the smaller areas meets the criterion that the longer side wallghall not be more thah twice the

length of the|shorter side.

If the lengths|

l

a) /1,2

ly

ly

b) (4 /1, > 2

Figure C.3 — lllustrations of sampling point positions in rectangular ducts

of the sides of the sampling plane [; and [, are divided into n, and n, parts respectively, the|number of
sampling poipts will be n; - n, and the smallest distance from a wall of the)duct will be [;/2n,; and [;/2n,.
piing p 112 1/2ny AL)

30
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Examples of suitable access ports for sampling equipment

Dimensions in millimetres

, 100
o X V7
O G
m
=
o G
(=g [ea} N
(=) N [¥p]
< ~ ~&
(o] G
M
x
o
15
160

a) Front view

e

b) Side view

Figure D.1 — Rectangular access port
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@125

a) Front view

Dimensions in millimetres

1
b) Side view
Key
1 Screpv-in plug
Figure D.2 — Circular access port
32
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