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Foreword

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

Close liaison and cooperation between ISO/TC 146/SC 1 and CEN/TC 264 has resulted in the preparation
of this document, ISO 12141 and EN 13824-1. This document is similar to EN 13284-1 with additional
emphasis given on the use of high-volume sampling techniques. A representative, integrated sample
is extracted from the flue gas and the particulate matter entrained in the gas sample is separated by
a filter. The pre-weighed filter is subsequently dried and weighed. A relative increase in the mass is
attributed to the collection of particulate matter on the filter.

To meet the specifications of this document, the particulate sample is weighed to a specified level of
accuracy. Thjs level of accuracy is achieved by:

a) exercising extreme care in weighing, in accordance with the procedures of this document;
b) extendirlg the sampling time at conventional sampling rates;
c) sampling at higher rates for conventional sampling times (high-volume sampling);

d) recoveripg all dust upstream of the filter.

vi © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=b6e78a6c70c44b0b305623cd1b853f53

INTERNATIONAL STANDARD IS0 9096:2017(E)

Stationary source emissions — Manual determination of
mass concentration of particulate matter

1 Scope

This document describes a reference method for the measurement of particulate matter (dust)
concentrationi i 000 mg er standard
condifions.

the emission
pend on the
hods for the

This
gas ¢
filtraf
caliby

document is applicable to the calibration of automated monitoring systems (AMS). If
pntains unstable, reactive or semi-volatile substances, the measurementowill de
ion temperature. In-stack methods can be more applicable than oufstack met
ation of automated monitoring systems.

2 N
The f

ormative references

bllowing documents are referred to in the text in such & way that some or all of their content

const|
undaf

ISO 5
ISO 1

tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

25 (all parts), Accuracy (trueness and precision) afmeasurement methods and results

D780, Stationary source emissions — Measurement of velocity and volume flowrate o

applies. For
ents) applies.

[ gas streams

in dudts

3 7

For th

erms and definitions
e purposes of this document, the following terms and definitions apply.

ISO apd [EC maintain terminological databases for use in standardization at the following pddresses:

$0 Online browsing platform: available at http://www.iso.org/obp

]

]

C Electropedia:‘available at http://www.electropedia.org/

31
parti
dust
parti

culate matter

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

Note 1der specified
conditions after representative 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 can extend to condensibles or
reaction products collected under specified conditions (e.g. temperatures lower than the flue gas temperature).

b . 1 41 4l P - | +1 | 1l .l 1 41 i 1 1l deral] Lol b
LU TIILT Yy TIT UTTTIICUITIUU UTO LT TOTU,  dIT UTCT LUTITPDUTITUS UTdUTIIdy DT LUTITUICTU U Y TITUN AUTUIT O

Note 2 to entry: This method restricts the definition of particulate matter to that material collected in the
sampling system on and before a filter, under specified temperature conditions. Procedures for the measurement
of secondary particulate matter (condensible materials) formed and collected after the filter are not within the
scope of this document.

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

© IS0 2017 - All rights reserved
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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 of the duct with the filter in its heated filter holder placed downstream of the sampling
nozzle and the suction tube (sampling probe)

3.5
isokinetic s

mpling

sampling at i
are the same

Note 1 to entr]

Note 2 to enty

as that of the gas in the duct at the sampling points, vg

y: See Figure 1 and Annex D.

W flowrate such that the velocity and direction of the gas entering the sampling nez7le, vy,

y: The velocity ratio, vy /vs, expressed as a percentage characterizes the deviation from isoltinetic

sampling.
1 >
777
7774
Vn VS
V=V,
Key
vs  stack gas velocity

vy velocity in the nozzle

Figure 1 — Isokinetic sampling

© ISO 2017 - All rights reserved
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3.6
hydraulic diameter
dn
characteristic dimension of a duct cross-section
4xA
dh = S (1)
IS
where
As is the cross-sectional area of the sampling plane;
I isthelength of the perimeter of the sampling plane.
3.7
sampling plane
plane|normal to the centreline of the duct at the sampling position
Note 1 to entry: See Figure 2.
N
\%\ od,
~.
Z |
. / ~\~\
\ — /\%\'4 '
@‘\/\ .
2 OV~ N
° X
AT | T8
| o
Key
1 sampling lines
2 sampling plane
3 access port
4 flow
5 top of duct
Figure 2 — Illustration of definitions in relation to a circular duct
© IS0 2017 - All rights reserved 3
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3.8

sampling line
line in the sampling plane (3.7) along which sampling points (3.9) are located, bounded by the inner

duct wall

Note 1 to entry: See Figure 2.

39

sampling point
specific position on a sampling line (3.8) at which a sample is extracted

3.10

standard conditions

gas pressure

Note 1 to enty]
273,15 K roun|

3.11

overall blank

test sample {
that no gas i

Note 1 to ent
value, divided

limit (milligrams per cubic metre) of the whole measurement process, as.¢arried out by the operator. The ¢

blank include

3.12

weighing control procedures
ol procedures utilized for detecting/correcting apparent mass variations due to climatic

quality contt
or environm

Note 1 to ent
for dust meas
parts are kepf

3.13

measureme
successive 1
conditions

3.14
limit value
dust concent

Note 1 to enf

and temperature constants and conditions to which volumetric calculations are refé

y: For the purposes of this document, standard conditions are 101,325 kPa rounded £6 101,
ded to 273 K; dry gas.

aken at the plant site in an identical manner to the normal samples in the series, ¢
sampled during the test duration

'y: The measured mass variation provides an estimation of{he/uncertainties. The overall
by the average sampling volume of the measurement series;provides an estimation of the det]

possible deposits on the filter and on all parts upstream.

ental changes between pre- and post-sampling weighing series

y: In these procedures, control parts\are used (see 7.2) which are identical to those to be w
irement and are pre-treated under‘the same conditions of temperature and humidity. The @
free from dust contamination.

nt series
easurements carried-out in the same sampling plane (3.7), and under the same pj

rationthat is permitted by authorities for the plant process (i.e. average limit value)

ry: For purposes other than regulatory uses, the measurement value is compared to a

rred

3 kPa;

xcept

blank
ection
verall

righed
ontrol

ocess

stated

reference val

o

4 Principle

4.1 General

A sample stream of the gas is extracted from the main gas stream at specified sampling points for
a measured period of time, with an isokinetic, controlled flowrate. The volume of gas collected is
measured, and a pre-weighed filter, which is then dried and reweighed, separates the particulate
matter (dust) entrained in the gas sample. Deposits upstream of the filter in the sampling equipment
are also recovered and weighed. The increase in mass of the filter and the mass deposited upstream of
the filter is attributed to particulate matter collected from the sampled gas. The ratio of the mass of the

© ISO 2017 - All rights reserved
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particulate matter collected to the volume of gas collected allows the flue gas particulate concentration
to be calculated.

Valid measurements can be achieved only when:

a) an adequate quantity of dust is collected during the sampling, which is at least 5 times the
corresponding overall blank value;
b) the gas stream in the duct at the sampling location has a sufficiently steady and identified velocity,
temperature and pressure, and a sufficiently homogeneous composition;
c) the flow of gas is parallel to the axis of the nozzle;
d) spmpling is carried out without disturbance of the gas stream, using a sharp-edgéd nhozzle facing
into the stream;
e) ijokinetic sampling conditions are maintained throughout the test;
f) spmples are taken at a preselected number of stated positions in the sampling plang to obtain a
representative sample for a non-uniform distribution of particulate matter in the duct| or stack;
g) the sampling train is designed and operated to avoid condensatipir.and to be leak-free
h) cplibration criteria are met;
i) spmpling blank and leak-check criteria are met;
j)  dustdeposits upstream of the filter are recovered afid/or taken into account;
k) the sampling and weighing procedures are adapted to the expected dust quantities a$ specified in
this document.
4.2 |Interferences
a) Ppsitive interference
Gaseous species present instack gases that are capable of reacting to form partiqulate matter
within the sample train can.result in positive interference. Examples include the potential reaction
of sulfur dioxide (SO32)to an insoluble sulfate compound in the high-humidity portion df the system,
stich as with limestone-in flue gas following a wet flue-gas desulfurization system (FfDS) to form
cplcium sulfate (€aS04), or the reaction with ammonia gas (NH3) to form ammopium sulfate
(NH4S04) [see ZD)a)].
b) Negative interference
1) Certain acid gaseous species can erode the filter material, resulting in negative [interference.
Far example, the reaction of hydrogen fluoride (HF) with glass components in the|sample train
(see 6.2.5)
2) Volatile matter existing in solid or liquid form in the stack gas may vaporize after collection
on the sample train filtration material, due to continued exposure to the hot sample stream
during the sampling period. This would result in a negative interference (see 8.1).
5 Sampling plane and sampling points
5.1 General

Representative sampling is possible when a suitable location is available, having a sufficiently
homogeneous gas velocity at the sampling plane.

© IS0 2017 - All rights reserved
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Sampling shall be carried out at a sufficient number of sampling points, usually located on several
sampling lines. Convenient access ports and a working platform shall be available for the testing.

5.2 Sampling plane

The sampling plane shall be situated in a length of straight duct (preferably vertical) with a constant
shape and cross-sectional area. The sampling plane shall be as far downstream and upstream as
possible from any obstruction that can cause a disturbance and produce a change in the direction of

flow (disturbances caused by, for example, bends, fans or pollution abatement equipment).

5.3 Requirements for sampling points

Preliminary [measurements at all the sampling points defined in 5.4 and Annex B shall prove-thpt 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 meth¢d for
estimatipn is indicated in ISO 10780:1994, Annex C);

b) no local hegative flow is present;

c) the minjmum velocity is higher than the detection limit of the method used for the flowrate
measurgment (for Pitot tubes, a differential pressure larger than 5Pa);

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

If the above jequirements cannot be met, the uncertainty is higher'than that specified by this docyment

and the sam

ling location is not in compliance with this document (see 7.4.6).

The above rgquirements are generally met in sections of/duct with at least five hydraulic diamet
straight duct upstream of the sampling plane and at least two hydraulic diameters downstream.
sampling plane is to be located near the stack exitijt should be no less than five hydraulic dianpeters
from the exif.) Therefore, it is strongly recommended that sampling locations be selected accordir

5.4 Mini

The dimensi
number incr

Tables 1 and
ducts resped
plane (in acc

Sampling po
d<15m)f
sampling po
numbers of g

um number and location of sampling points

bns of the sampling plane'dictate the minimum number of sampling points. In generd
pases as the duct dimensions increase.

2 give the minimium number of sampling points to be used for circular and rectar

brdance with/Arinex B).

nts shalknot be located within 3 % of the sampling line length (if d > 1,5 m) or 5
rom the inner duct wall. Choose the inner edge of the area when calculations reg
nt’positions within this area. This may arise when selecting more than the min

ampling points presented in Tables 1 and 2, for example in cases of unusual duct sha

ers of
If the

ngly.

I, this

gular

tively. The sampling points shall be located at the centres of equal areas in the samipling

cm (if
ult in
imum
e.

NOTE

When the requirements for the sampling plane (see 5.2) cannot be met, it is sometimes possible to

improve representative sampling by increasing the number of sampling points above those specified in Tables 1
and 2. See also 7.3.2 for sampling-point premeasurement procedures.
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Table 1 — Minimum number of sampling points for circular ducts

Range of duct |Minimum number [Minimum number of sampling| Minimum number of sampling
diameters of sampling lines points per line points per plane
m (diameters) including excluding including excluding
centre point centre point centre point centre point
<0,35 — 1a — 1a —
0,35t0 0,70 2 3 2 5 4
0,70 to 1,00 2 5 4 8
1,00 to 2,00 2 7 6 13 12
> 2,00 2 9 o 17 16
a  Uking only one sampling point can give rise to errors greater than those specified in this document:

Table 2 — Minimum number of sampling points for rectangular’ducts

Range of sampling plane areas | Minimum number of side divisions2 | Minimiim number ¢f sampling
m?2 points per plane
<0,09 — 1b
0,09t0 0,38 2
0,38t0 1,50 3 9
> 1,50 4 16

a  Other side divisions can be necessary, for example if the longestiduct side length is more than twice tHe length of the
shortgst side.

b Uking only one sampling point can give rise to errors greaterthan those specified in this document.

5.5 |Access ports

Ports|shall be provided for access to the sampling points selected in accordance with Annex B.

The port dimensions shall provide space for the insertion and removal of the sampling equipment and
assocjated devices, and allow for sealing once the sampling equipment is in place. A minimum diameter
of 12% mm or a surface area of(100 mm x 250 mm are recommended, except for small dugts (less than
0,7 m|diameter) for which thé port size needs to be smaller (see Annex F for examples).

5.6 (Sampling time

Assuining a volunmietric flowrate characteristic of the sampling train to be used, a sampling time can
be calculated that-will lead to the collection of a desired or required mass of particulate matter if the
apprdximate particulate concentration is known previously.

If the[expected dust concentration, cexp has been previously determined or assumed, and the mass of
parti¢ulate matter, m, to be collected is required or set, then the necessary volume of the flue gas to be
sampled is:

m 2)

exp

V. =
C

However, the volume of the sample, V;, (litres), will be equal to the total sampling time, ¢t (min), multiplied
by the nozzle volumetric flowrate under actual conditions, Q, (1/min), i.e. I/, = tQx.

The total sampling time in the sampling plane is thus estimated to be:

V
t=—21 or t=

m
=_n S 3
Qa ( )

Cexp Qa
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6 Apparatus and materials

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

Velocity measurements shall be carried out using standard Pitot tubes or other measurement devices,
e.g. S-Type Pitot tubes, provided they are calibrated against standardized Pitot tubes in accordance
with ISO 10780.

The temperature and the pressure in the duct shall be measured in order to calculate the actual density
of the gas within £0,05 kg/m3, also taking the gas composition into account.

When expregst v—basts—ardrFor—w e—the—concentra areto be
im relation to a reference oxygen or COz concentration, humidity (moisture) \and/or
oxygen/COz measurements shall be carried out in the vicinity of the sampling plane.

Specifications for this apparatus are given in Table 3.
6.2 Sampling apparatus

6.2.1 Sampling train.
The sampling train consists principally of
a) asuction tube (sampling probe) with entry nozzle,

b) afilter hpusing, including a filter support and a filter, eithef‘located in the duct (in-stack filtrgtion),
or placed outside the duct (out-stack filtration), leading to slightly different kinds of sanppling
trains. I the presence of water droplets, out-stack filfration shall be used,

c) asuction unit, with a gas metering system.

6.2.2 Filtration device.

a) In-stacK filtration devices (Figure 3): the part of the tubing between the nozzle and the filter shall
be very $hort, to minimize dust deposits upstream of the filter. The tubing after the filter (syction
tube) shpll be of sufficient length,to traverse the duct at the required sampling points. Sing¢e the
filtration temperature is generally identical to that of the gas in the duct, filter clogging can o¢cur if
the gas dontains water droplets.

To allow| traversing of‘the duct, a leak-free, rigid tube (support tube) of sufficient length iq used
downstream of the filfer housing for mechanical support of the nozzle and filter housing;

8 © IS0 2017 - All rights reserved
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g points. The

pints.

9
r— -1
A AN —
Ig | )
8 | |
\/\]‘/\‘ I_ ______ J
Key
1 entrynozzle 10 suetion unit and gas-metering device
2 fiJter holder 11 Cshut-off valve
3 Pjtottube 12 adjustment valve
4  tgmperature probe 13 pump
5 tdmperature measurement 14 flowmeter
6  sfatic pressure measurement 15 dry gas volume meter
7  d|fferential pressure measurement 16 temperature measurement
8 stfipport tube (in-stack device) 17 barometer
9  c¢oling and drying system
Figure3.>—= Example of sampling on a dry basis with an in-stack filter
b) (ut-stack filtration devices (Figure 4): the part of the tubing between the nozzle gnd the filter
(uction tube) has to be of sufficient length to traverse the duct at the required sampl
sfiction tube and the filter housing is temperature-controlled, to provide vaporizatign of possible
waténrdroplets and avoid filtration difficulties related to acid gases having high dew p
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6
LN LY 2
\~; 7 , 9
1 - o |
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| | \
8 | |
L= |
\/\f
Jolur
I\ 1 116
| -t |
10 | Q i
| oo [ T
11 1213 Mgy ===
K- L1
(I, € Y i
Key
1 entrynozzle 10 suction unitand gas-metering device
2 filter holder 11 shut-offwalve
3 Pitot tube 12 adjustment valve
4  temperatfire probe 13 \pump
5 temperatpire measurement 14 flowmeter
6  static prepsure measurement 15 dry gas volume meter
7  differentipl pressure measurement 16 temperature measurement
8 support thbe (out-stack device) 17 barometer
9  cooling afpd drying system
Figure 4 — Example of sampling on a dry basis with an out-stack filter
Water droplets are pfiesent in certain processes, e.g. after a wet-scrubbing abatement sysstem.
Knowledge df the pregess for low temperatures, below dew-point, is a requirement of this documgnt. If
there is a pogsibility:that water droplets are present, then out-stack filtration should be used.
The sampling parts of the system shall be made of corrosion-proof and, if necessary, heat-proof material,

for example stainless steel, titanium, quartz or glass. However, if further analysis of the collected dust
is planned (for example for heavy metals), stainless steel should be avoided for the parts in contact with
the sample gas.

The surfaces of parts upstream of the filter shall be smooth and well-polished, and the number of joints
shall be kept to a minimum. Any changes in bore diameter shall be tapered rather than stepped.

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

All parts of the equipment that come in contact with the sample shall be protected from contamination
during transportation and storage.

10 © IS0 2017 - All rights reserved
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6.2.3 Set of entry nozzles of different diameters, sharp-edged, streamlined, and free enough of
obstacles in order not to disturb the main gas flow.

The nozzle is connected either to the suction tube (sampling probe) or the filter housing. Annex A
details three proven designs. Other designs are allowed, provided it can be validated that they give
equivalent results.

In order to prevent disturbances of the gas flow near the nozzle tip, the following requirements also apply:

a) the nozzle shall have a constant internal diameter along a length equal to at least one internal
diameter or at least 10 mm from the nozzle tip, whichever is greater. See 7.3.3 for calculation of the
diameter;

b) ahy variation in bore diameter shall be tapered with a conical angle less than 30°;

)
o

ends shall be located at least 30 mm from the nozzle tip;

d) apy variation in external diameter of the sampling equipment parts locatedless than|50 mm from
he nozzle tip shall be tapered and of conical angle less than 30°;

(=

e) opstacles related to the sampling equipment are:

b

prohibited upstream of the nozzle tip;

N

allowed beside and downstream of the nozzle tip, when situated at more than 50 mim or at least
one time the size of the obstacle, whichever is greater:

Sincelit is necessary, for mechanical reasons, for the nozzle bevel to have sufficient thickngss, this leads
to an juncertainty on the effective sampling area. This‘uncertainty should be less than 10 $ in order to
fulfil isokinetic sampling criteria. For this reasomn; it is recommended that nozzles of insfide diameter
exceeding 8 mm be used, and diameters less thah*4 mm be avoided.

6.2.4| Suction tube (sample probe) for-out-stack filtration systems.

The sjiction tube shall have a smooth and well-polished internal surface, and shall be designed so that it
can bp cleaned easily using a brush-or other mechanical means, a necessary condition befpre sampling
(see 23.1).

The walls of the suction tubg'shall be heated and temperature-controlled (7.3.4) in order| to minimize
condgnsation or the foriation of artifacts.

6.2.5( Filter housing.

Wher the filter/housing is placed out-stack, it shall be heated and temperature-controlled (7.3.4) to
avoid[condensation.

The f]lt€r housing and the filter support shall be designed in such a way that no gas tuybulence will
occur near the seals.

To reduce the filter pressure drop and to improve the distribution of dust on the filter, a coarse-grain
filter supportis recommended.

6.2.6 Filters, of efficiency better than 99,0 % on a test aerosol with a mean particle diameter of 0,3 um,
at the maximum flowrate anticipated.

This efficiency shall be certified by the filter supplier.

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 (see 7.3.3).
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The choice of the filter shall also take into account the following considerations.

mass. Their use is not recommended where this can occur;

Glass fibre filters can react with acidic compounds such as SO3, leading to an increase in the filter

Despite their weak mechanical strength, quartz fibre filters have been shown to be efficient in

Polytetrafluoroethylene (PTFE) filters have also proven to be efficient. However, the temperature

of the gas passing through the filter shall not exceed the temperature specified by the supplier;

sure drop across the filter, and the pressure increase due to the collection-ofiparti¢

Fhile sampling. This depends on the kind of filter (e.g. a pressure drop of 3&kPa to 10 |
bn velocity in the range of 0,5 m/s is expected);

sing filters with organic binders, care shall be taken to avoid mass losses due t
ion of the binder material when heating;

(mechanifical properties, affinity for humidity, etc.);

If it is planned to determine the composition of the dust collected, a blank of the filter materia

rall blank value of the measurement depends, to some extént, on the choice of the

to determine the presence and mass levels of any#elevant materials to be analysed

eighing some kinds of filter material (e.g. PTFE, etc.), take care to avoid errors ¢
atic charges.

bined particulate matter/gas sampling trains (optional design), to determine fl

a)
b)
most cases;
0)
d)
on the fi[ter
The ma
e) The pres
matter \
a filtrati
f) When u
evaporaf
g) The ove
h)
be teste
i) When w
electros
6.2.7 Com
emissions.
When gaseo

changes or pressure changes shall be aecegunted for when calculating the isokinetic sampling raf

when calculd

6.2.8 Sucti
a vacuum thd
nozzle size a

The system s
valve or are
gas flow thrg

Is compounds are trapped downstream from the filter, any volume losses, temper

ting the collected gas sample volume.

on unit and gas-metering devices, gas-tight, corrosion-proof and capable of maint
t will extract a flue\gas sample at the calculated isokinetic sampling rate appropriate
hd flue gas confditions.

hall incorporate a means of controlling the sample flowrate, for example, a pump by
rulating-vdlve. A shut-off device shall also be incorporated into the system for stoppif
ugh the sampling train.

The size of filter shall be chosen in relation to the maximum allowable mass of particulate collected

l'r'm_ﬁﬂ_l_ﬁ_ﬁft_b—t_m_m_ﬂ?_ 1S 1S tO prevent 10ss of particulate matter because of overburdening the filter |
imum amount that can be collected for a filter shall be certified by the filter manufad

baper.
turer.

ulate
kPa at
o the
filter

shall

ue to

le gas

ature
e and

hining
to the

-pass
g the

Depending

n=the camn]lnn measurement maode fnn a2 wet or r‘rv ]"\QCIC‘ three mnlnr ki

ds of

arrangements may be used Other types of arrangement are allowed prov1ded it is proven that they
give the same accuracy as the systems described below.

a) Sampling on a dry basis with an in-stack filter (see Figure 5), including:

1y

max
2)
3)

imum flowrate;

a gas-tight pump or compressed air ejector, acting as a suction device;

meter or measuring orifice plate;

12

a condenser and/or gas drying tower providing a residual humidity less than 10 g/m3 at the

a flowmeter, used to facilitate the flowrate adjustment, calibrated against the dry gas volume
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4) adry gas volume meter or orifice plate, accurate within 2 % at the anticipated flowrate, with
associated absolute pressure and absolute temperature measurements accurate to within 1 %.

7
5 Q
[ ] I
===
2 3 Q8
Key
1  dfy gas sample flow 5 variable-area flowmeter
2 npn-return valve 6  dry gas meter
3 shut-off valve 7  temperature measurement
4  pphmp 8  barometer
Figure 5 — Sampling control using flowmeter and'dry gas meter
b) Spmpling on a dry basis using an out-stack filter and condenser system (see Figure 6),[including:
1) a condenser and/or gas drying tower providing axesidual humidity of less than 10 g/m3 at
the maximum flowrate;
2) agas-tight pump or compressed air ejector,acting as a suction device;
3) a dry gas volume meter accurate within 2 % at the anticipated flowrate, with associated
absolute pressure and absolute temperature measurements accurate to within 1 %5;
4) aflowmeter or orifice plate, usedto facilitate the flowrate adjustment, calibrated against the
dry gas volume meter or measuring orifice plate.
7 Q 8
2 3 4 Q
1— B | '
V I
6
5 9
Key
1 dfy gds'sample flow 6  dry gas meter
2  npnzpeturn valve 7  temperature measurement
3 shut-off valve 8  barometer
4  pump 9  variable area flowmeter
5  by-pass control valve

Figure 6 — Sampling control using dry gas meter and secondary orifice flowmeter

c) Sampling on a wet basis with an out-stack filter (see Figure 7), including:
1) ainsulated or heated flexible tubing, used to prevent upstream condensation of humidity;

2) agas-tight pump or compressed air ejector, acting as a suction device;
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3) acondensation-free orifice plate or equivalent device serving as flowmeter. The temperature
and pressure (absolute and differential) measurements at the orifice plate (flowmeter) shall be
accurate to within 1 % and the orifice plate shall be calibrated within 2 % of the anticipated
flowrate.

Key

1 wetgass
2 temperat
3 heated or
4  shut-off v
5 baromete
6  air injectq

Figure 7

6.3 Materfial for particulate matter recovery

6.3.1 Puri
6.3.2 Acet
6.3.3 C(leal
solution.

6.3.4 Plug
6.4 Appaj
6.4.1 Weig

the balance
materials are

5
2
3 e
1 ¢ | < 6

A

@)

hmple flow

ire measurement
ifice

plve

r

r

fied water, de-ionized and filtered.
bne, high grade with a residue oftessthan 10 mg/1.

1 containers of appropriaté:size (e.g. 250 ml) for storage and transportation of the r

5 to close the suctignrtube. Plugs used shall not be a source of sample contamination.
atus for cofiditioning and weighing

hing centainers, for the drying procedure for the rinsing solutions, of mass appropris
sed: Glass and ceramic have proven to be suitable materials for these containers; poly
1ot recommended.

— Sampling control on a wet basis, mandatory out;stack filtration (see Figure 4

nsing

te for
meric

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

6.4.3 Drying oven, classical laboratory type, thermally controlled within +5 °C.

6.4.4 Balance, with resolution from 0,01 mg to 0,1 mg, with a range compatible with the mass of
the parts to be weighed. Depending on the balance room location, specific care shall be taken to avoid
reading instabilities related to vibrations, air draughts, temperature and humidity variations.

6.4.5 Thermometer and humidity meter near the balance.

6.4.6 Baro

14

meter.
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6.4.7 Depending on the evaporation procedure, an extraction hood and heating plate for the
evaporation of the rinsing solutions.

7 Sampling and weighing procedures

7.1 General aspects

Before carrying out any measurements, the purpose of the sampling and the sampling procedures shall
be discussed with the plant personnel concerned. The nature of the plant process, e.g. steady state
or cyclic, can affect the sampling programme. If the process can be performed in a steady state, it is
impofTtant that this IS maintained during sampiing.

Dates, starting times, duration of survey and sampling periods, as well as plant op€rating conditions

durinig these periods shall be agreed upon with the plant management.

Prelithinary calculations shall be made in order to determine the appropriate nozzle diagneter and/or

sampling time. Longer sampling times or sampling with the use of a larger nozzle and hjgher sample

flowrptes can be necessary to obtain sample filter masses sufficiently greater than blank fiilter masses.

Takinjg into account the objective of the measurements and the flue gas characteristics, th¢ user shall

a) choose between an in-stack or an out-stack filtration devicé;

If the flue gas is saturated with water or contains appréciable amounts of SO3, out-stack filtration
devices are recommended.

b) choose arelevant temperature for conditioning and drying the filter before and after Jampling;
When using an out-stack filtration device, set’the out-stack filter temperature as spdcified by the
regulatory agency or as determined for teghnical reasons.

c) tqke an overall blank sample after eaChr measurement series and at least after each day of sampling,
following the sampling proceduré described in 7.3.5, either without starting the suctjon device or
for a sample duration less than 1 min.

is leads to estimation pfithe dispersion of results related to the whole procedure als carried out
bly the operators for a near-zero dust concentration, due to contamination of filters and of rinsing
splutions during handlihg on-site, transport, storage, handling in the laboratory, and weighing
procedures, etc.

Whil¢ sampling, thewelocity at the sampling plane shall be simultaneously monitored,|to check for

possible flowratevariations in the duct.

The temperatire, pressure, moisture content, and molecular mass of the flue gas shall bg

at the
from

actual to standard conditions. These parameters shall be monitored at each sam

determined

sampling location in order to calculate isokinetic sampling conditions and correct erhissions data

pling point if

they vary spatially or temporally during the period of the test to the degree that the +10 % isokinetic
requirement (7.4.3) is exceeded.

When expressing particulate concentration on a dry basis, the flue gas moisture content shall be
determined. If the particulate concentration is to be corrected by regulation to a specified oxygen or
carbon dioxide concentration, oxygen or carbon dioxide shall also be measured.
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7.2 Weighing procedure

7.2.1 Parts to be weighed

a) Depending on the internal arrangements, the parts of the filter system to be weighed before and
after sampling may be:

1) only the filter;
2) the filter and filter support;

3) the filter, the filter support, and the inlet part of the filter housing including the nozzle
(deplending upon the system design).

In the first and second cases, dust deposits from the nozzle tip to the filter shall be'vecovered
and weighed.

In the third case, dust deposits upstream of the filter are accounted for ifvthe weighing, but
it is[necessary to use a balance that will weigh the larger masses of these parts to within
spedified levels of accuracy. The outside surfaces shall be cleaned priorto weighing, using good
labofatory practice.

b) Dependipg on the kind of sampling device used, the parts to be weighed can be the filter (wfith or
without fts support) or include all parts upstream from the filterf@ptions include:

1) the filter and particulate matter collected upstream of the-filter;
2) the filter and its housing and particulate matter collected upstream of the housing;
3) the ]lozzle, the filter and its housing, and any comiponents connecting the nozzle to the hopising.

For tlhe latter two designs above, all the relevant parts shall be pre- and post-treated in accorflance
with the procedure described in 8.3, and weighed together, without disassembling them.

c) Dependipg upon the system used, the-—solutions obtained from rinsing components can be
evaporafed and weighed in the same‘container or transferred to a smaller container for weighing
following good laboratory practice.

7.2.2 Pre-sampling treatment.of weighed parts
Weighed parts shall be dried-irta drying oven for atleast 1 h, at 160 °C (see also Clause 8 for specific dases).

After drying} the filters-and/or the weighing containers shall be placed in a desiccator located |n the
weighing rodm for atieast 8 h to ensure that the filter is conditioned in the same way throughout i.LS use
(i.e. preparafion and.final weighing). For larger parts and weighing containers, up to 12 h conditioning
can be necespary.

7.2.3 Weighing
Weigh the filter on a suitable electronic balance to at least +0,1 mg.

Since the sample masses are determined by calculating the difference between data, often obtained at
one- or two-week intervals, special care is required to avoid weighing errors related to balance drift,
to insufficient temperature equilibrium of parts to be weighed, and climatic changes (see examples in
Annex C). Therefore, before performing any weighing, the analyst shall validate his or her weighing
procedure.

Before each weighing series:

a) calibrate the balance against standard weights;
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b) carried out additional checks shall be by weighing control parts, equivalent to the other parts and
pre-treated in the same conditions, but 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 can
influence the apparent mass. This can be detected using the reference mass of the control parts. In
these conditions, weighing corrections shall be applied. Determine the weighing corrections based on
the apparent mass modification of three equivalent control parts of each type (filter including support,
container, etc.) (see Annex C).

Attention shall be given also to weighing artifacts related to:

— electrostatic charges, which it can be necessary to discharge or neutralize;

— hlygroscopic and volatility characteristics of the filter material and/or dusts, iwhich can lead to

ah increase or decrease in mass. For this reason, carry out weighing rapidly, withiy

1 min after

removal from the desiccator. Take two additional readings at 5 s intervalg\after the infitial reading.

[f there is a significant increase or decrease in the readings as a function of time, due
of the material, special procedures such as extrapolating the reading to initial cond

ro the nature
tions can be

ngecessary;

small differences in temperature between the part to be weighed and the environment can disturb
the balance.

7.2.4| Post-sampling treatment of weighed parts

Dry weighed parts in a drying oven for at least 1 h at 160 °C (see also 8 for specific cases).

After|drying, equilibrate the parts to ambient temperature as described in 7.2.2.

Wher
using|

volatile or reactive compounds are suspected, carry out drying at the sampling
a flow of dry nitrogen.

femperature,

7.2.5| Post-sampling treatment.of-the rinsing solutions

ribed in 7.3.5
n occurs.

All the rinsing solutions (water-and acetone) from all parts upstream of the filter as desc
are tdken to the laboratory-forfurther treatment. Care shall be taken that no contaminatic

Trans
do nd
proce

fer the solutions-quantitatively to the dried and pre-weighed containers. During the
t boil the solvent mixture. As the volume of the solution is reduced through the
ss, smaller vessels may be used.

evaporation,
evaporation

PC at ambient
e vapour to a
1 the pressure
d. For the last

NOTE Two.methods have been tested for evaporation: 1) evaporation in an oven at 120
pressure. An-efficient ventilation system with clean air or nitrogen is necessary to dilute acetoi
safe ldvel; 2)'evaporation in a closed system (desiccator). The initial temperature is set to 90 °C an
is redpiced to 40 kPa (absolute). Periodically, the temperature as well as the pressure is increase
period, they are maintained at 140 °C and 20 kPa (absolute).

After the evaporation, place the weighing containers in the drying oven for 1 h at 160 °C (see Clause 8
for specific reasons). Transfer the weighing containers to the desiccator. After thermal equilibration
in the weighing room as in 7.2.1, weigh the weighing containers, including the deposit remaining after
evaporation.

Due to the relatively large mass and the volume of the weighing containers compared to the deposits
under investigation, changes in barometric pressure can influence the weighing. Therefore, weigh at
least three empty weighing containers of equal size with each series, so that any changes in mass can be
used for correction.

Obtain at least one blank value for each solvent, using the same volume as used in the rinsing.
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7.3 Sampling

7.3.1 Preparation

The equipment shall be cleaned (brushed and rinsed), calibrated and checked before moving to the test
site. Care shall be taken not to reuse any part of a sampling train that has previously been used for high
dust concentration sampling without dismantling and thorough cleaning.

Depending on the measurement program, the filter and associated parts to be weighed shall be
prepared for each sample run. This includes parts for the overall blank tests and additional parts to
accommodate process and equipment malfunctions.

Perform the

All the weig

contact with

transportati

7.3.2 Pre-
Verify the d

means. Seled
on the Pitot {

access port.

Measure the

possible dev
fulfilled. Oth

Measure the

In order to check for possible temporal flow variation in the duct while sampling, install a separatsg

tube at a relg
period. Mon
parameters)

Taking into

select a suitable nozzle in accordange with the requirements of 6.2.2 and 7.3.3.

7.3.3 Calc

7.3.3.1 Nogzle description

In order to

equipment slllall include a set of nozzles of different diameters.

weighing procedures according to 7.2.3.

hed parts, including the suction tube and the other parts or equipment that,com
the sample (and will be rinsed later) shall be protected from contamifidtion d
bn and storage.

nmeasurements

mensions of the duct to be sampled using a measuring rod, Surveyor’s transit or
t the number and location of sampling points in accordane& with 5.4 and Annex B.
ube and the sampling tube the distance from the samplifig'points to the entry point

temperatures and velocities at the selected test’points in the duct, checking al
ations of gas flow with regard to the duct axis, and verify that the requirements of 5
prwise, see 7.4.1.

molecular mass and moisture content of.the flue gas.

vant fixed point of the samplingssection to monitor the flue gas velocity over the sa
ftoring the temperature and/or“CO/02 concentration in the duct (or other r
can also provide an indication of the steadiness of the stationary source operations.

hccount the preliminary calculation for the sampling time and the measured velo

hlating the nozzle diameter

e into
uring

other
Mark
of the

bo for
.3 are

Pitot
pling

(Hlevant

cities,

hllow\isokinetic sampling of gases flowing at a wide range of velocities, the sampling

The nozzle diameter is estimated from either the volumetric flowrate characteristics for the particular
sampling train to be used, or an initial assumption of the expected mass of particulate matter to be

collected (ob

18

tained from process estimation or preliminary sampling).
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7.3.3.2 Calculating the nozzle diameter from a characteristic sampling train flowrate

On the basis of the previously identified gas velocity, vs, at each sampling point, and the requirement
that vy = vg (Where vy, is the velocity of the gas through the nozzle), the area, Ay, of the nozzle (and then,
the diameter, Dy) is calculated simply as:

A, ==t AV €)

If the diameter of the nozzle, Dy, is not suitable, a different volumetric flowrate, qy (or different sampling
train), is necessary.

7.3.3{3 Calculating the nozzle diameter for a fixed sampling time

In sorpe circumstances, the sampling time is specified. Under such requirementsit can be|necessary to
incregse the volumetric flowrate in order to collect a sufficient mass of particulate matter for weighing.
The volumetric flowrate may be increased by increasing the size of the nozzle; howevel, changes in
sampling train design can be necessary to accommodate the increased flowrequirements

The vplumetric flowrate through the nozzle, qy, is qy = Anvn, where Ayfis the area of the nogzle and vy, is
the v¢locity of the gas through the nozzle.

Under isokinetic conditions, vy is equal to the gas velocity, vs, 6r vy, = vs.

Therdfore, from Clause 6 and under isokinetic sampling conditions,

V
qy :TnzAnvn :Anvs (5)
and
Vv
4 =—= (6)
t- s
or, frgm Formula (6),
AnzL (7)
Cexp 't Vs
wher¢

A, is thefrpea of the nozzle;

c¢xpdS the expected concentration of dust;

m 1S The mass of particuiate matter;

t isthetime;

qv is the volume flowrate through the nozzle;
vs is the velocity of the gas through the stack;
vn is the velocity of the gas through the nozzle;

Vn is the volume of gas through the nozzle.
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7.3.4 Overall blank

Take an overall blank sample after each measurement series or at least once a day, following the
sampling procedure described in 7.3.5, without starting the suction device, and keeping the sampling
nozzle in the duct for 15 min at 180° from the direction of flow. This leads to an estimation 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.

The overall blank value is reported in milligrams per cubic metre, and is calculated using the average

sample run t

me achieved dllring the measurement series

7.3.5 Sam

The followin

a)

b)

g)

h)

20

Assemb]

the suction device. The leak flowrate measured, for example, by pressure variation after evacy

of the t

pling procedure

b steps shall be followed when sampling is carried out.

the sampling equipment, and check for possible leaks by sealing the nozzle and st:

in at the maximal under pressure reached during sampling, shall be below 2 %

rting
lation
bf the

normal flowrate. During sampling, a leak check can be monitored by continuously measuring the

concentyation of a relevant gas component (CO2, Oz, etc.), both directly in the duct and downs!
from thd sampling train. Any detectable difference between those‘eoncentrations indicates
in the sadmpling equipment parts located out of the stack. Thisleak shall then be investigate]
rectified.

Preheat
tempera
with the|

Seal the

toxic gades.

Turn thgd sampling probe until the entry*nozzle is facing upstream within *10° open the sh

valve, st
The sam|
The tota

During s
conditio
measure
point or

NOTE
temperat

the relevant parts of the sampling train to thexSelected filtration temperature, e.g.
fure or recommended temperature of 160 °C £5 °C. Insert the sampling train into th
nozzle, if possible, facing downstream, avaiding contact with any parts of the duct.

opening of the access port in order t6.minimize air ingress or exposure of operat

hrt the suction device and adjust the flowrate in order to obtain isokinetic sampling
pling time at each selected point shall be identical.

| sampling time shallbe at least 30 min;

s within _Centinuously monitor, or record at least every 5 min, the dynamic pre
d by the-Ritot tube or other suitable measurement system either installed at the
mounted.on the sampling equipment (see 8.3);

Good laboratory practice when using dry-gas meter is to record at least every 5 min the gas

ream
h leak
d and

stack
b duct

Drs to

ut-off
vithin

ampling, checKatleast every 5 min and adjust the flowrate to maintain isokinetic sampling

ssure
fixed

meter

ire‘and pressure _and to nse the results for r;ﬂm]]nfing the final sampled volume

Do not stop sampling when moving the sampling train to the following sampling point, and
immediately adjust the flowrate for isokinetic conditions;

Record t

he sampling time and sampled volume or flowrate at each sampling point;

On completion of sampling at all the selected points of the sampling line, close the shut-off valve and
suction device, remove the sampling train from the duct and reposition it on the next sampling line;

For low dust concentration measurement, it is better to use only one filter for a complete
measurement (cumulative sampling).

The filter load and the maximum gas velocity should not exceed the filter manufacturer’s
recommendation.
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i) On completion of sampling run at all points:

1) remove the sampling train after closing the shut-off valve and suction device;

2) leak-check the equipment as under 7.4.2 if leakage has not been monitored during sampling;

3) dismantle the sampling equipment and check visually the filter and the filter holder for signs
of breakage or stains due to pressure or to the concentration of moisture (sampling equipment
operated below or too close to the dew point). If such signs are detected, the test is not valid.
Check also for non-uniform distribution of dust on the filter.

k) Measure and record the barometric pressure;
1) Put the parts to be weighed in a closed electrostatic-free container for transport t0 the laboratory

for weighing (see Clause 7).

7.3.6| Recovery of deposits upstream of the filter
Rinselall the non-weighed parts that are in contact with the sample gas upstream of the filtler to recover

the d¢posits.

Take
Carry

a)

b)

Do nd
it is npcessary to mechanically cleah and rinse the equipment before each measuring serie

The gverall blank shall include’a blank rinse of a pre-cleaned sampling system. Obtain th
following the procedures.givén above, and evaporate and weigh following the same proc
the sgmple rinse.

7.4

7.4.1

If tesfingywas conducted at an unsuitable location, or was carried out under fluctuating pld
condi

cpecial care to avoid contamination of the sample if the rinsing procedure is perfoi
out rinsing according to the following procedure.

Riinse the internal surfaces of the nozzle, elbow and the front part of the filter hous
with water into a storage bottle. Allow no external dust to fall into the bottle. Rins
stirfaces with acetone and collect the acetone intg thé same bottle.

Tp rinse the suction tube (sample probe), seal .one end and fill with enough water to v
tl:e inner surface (1/3 to 1/2 of the volume of‘the suction tube) and then seal the othe
the tube along its long axis and tilt the tube several times. Transfer the water to t
sforage container. Repeat the procedure'with a second rinsing of water, followed by a
afetone.

Validation‘of results

Parameters depending on the stationary source

med on-site.

ing carefully
b these same

et and clean
r end. Rotate
he transport
rinsing with

t mechanically clean surfaces to fecover deposits upstream of the filter after sampling. However,

S.

b blank rinse
bdures as for

Int operating

1ons, the validity oI the sample may be questioned and the measurement resul

S uncertain.

In such cases, the test report shall clearly indicate that the test was not conducted according to the
specifications of this document.

Details of the flow characteristics at the sampling location and/or on the variations of the flowrate in
the duct while sampling shall be included in the test report along with any explanations.

7.4.2 Leak check

Significant errors can be caused by leaks in the sampling train, especially in parts that are under vacuum.

Therefore, before and after each test, the sample train shall be checked for leaks by sealing the nozzle
and starting the suction device. The flowrate shall be at most 2 % of the normal flowrate at the
maximum vacuum reached during sampling. Otherwise, the measurement is not valid.
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7.4.3 Isokinetic flowrate

If the actual flowrate through the nozzle differs by more than +10 % from the theoretical isokinetic
flowrate over the duration of the sampling, the flowrate measurement shall be repeated.

If this criterion is still not met due to variation of the flowrate in the duct, see 7.4.1.

7.4.4 Deposits of dust on non-weighed parts upstream of the filter

The mass of deposits on non-weighed parts upstream of the filter shall be added to the mass of deposits
determined from the filter and weighed parts.

10Zzle
b well
o the
br the

This require
and the filte
above the st
process to dg
process.

ment may be disregarded if an in-stack filter is used that has no bends between the 1
[, provided that it is used in an application having unsaturated gases, a temperatur
hck gas dew-point, and if a validation has been carried out at conditions similar f
monstrate that the deposits do not exceed 10 % of the daily average limit value set f

7.4.5 Val:Lation of sample collection

A measure
least five tim

nt series is validated only when the quantity of dust collected)during the samplin
es the corresponding overall blank value.

b is at

ary of the requirements of this document

7.4.6 SumIn
A summary ¢f the requirements of Clauses 4 and 5 of this docufment is given in Table 3.

8 Additigonal aspects

8.1 Thermal behaviour of particulate matter

Emitted dus
contain unst

[s are generally thermally stable/ However, in some processes the gases to be sampled
able or semi-volatile compoutnds (i.e. in particulate form at low temperature, in gaseous

form at high
temperature

Such phenon

er temperature). In sucheases, the measured concentration depends on the filt
and/or on the drying témperature before final weighing.

ena have been reported in various industries, e.g.:

Fation

power plants equippedWwith desulfurization processes, because of the occurrence of hydrateg;

)

heavy fyel oil power plants or diesel engines, because of the presence of SO3 and/or of
compounds;

ganic

glass furnaces; because of the presence of semi-volatile boron compounds;

waste incinerators with wet and semi-dry gas treatment processes.

Differences in the measured dust concentrations (up to a factor of 10) have been experienced and
therefore in such cases, the measured results shall be associated with a stated temperature (the
highest temperature sustained by the sampled dust before weighing). Because of the extreme variety
of situations which can be encountered, it is not possible to assign a conventional temperature that is
relevant in all cases.

However, since the complete trapping of volatile compounds necessitates a very low filtration
temperature and special care during sampling, more reproducible results can be achieved if these
compounds are not trapped, or are further evaporated when drying. This is why a conventional
temperature of 160 °C, which avoids the trapping of most volatile compounds and decomposes most of
hydrates, is generally convenient.

22 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=b6e78a6c70c44b0b305623cd1b853f53

IS0 9096:2017(E)

According to this convention, the parts of the sampling train to be weighed shall therefore be

a) conditioned at 180 °C before sampling,

b) setatany temperature equal to or less than 160 °C during sampling,

c) conditioned at 160 °C after sampling.

Table 3 — Summary of requirements — Apparatus and sampling conditions

Equipment for dust collection Value
Nozzle internal diameter, d >4 mm
Nozzle area: measurement uncertainty +10 %
Nozzle: length with constant internal diameter > 10 mm
Nozzle: variation in diameter angle <30°
Elbow: radius of the bend >15d
Nozzle straight length before the first bend *30mm
Nozzle tip: distance to obstacles 350 mm
Filter]efficiency (test aerosol 0,3 pm) >99,5 %
Filterjmaterial (absorption of components) Ne teaction and no absorptioh
Condenser, drying tower: residual gas moisture <10 g/m3
Gas njeter volume measurement uncertainty 2%
Absoiute pressure measurement uncertainty 1%
Abso‘ute temperature measurement uncertainty 1%
Align}nent of the nozzle +10 %
Isokifetic criteria (average measurement uncertainty) 115 %
Leak fest <2%
Balar]ce resolution (mg) 0,01 mgto 0,1 mg
Weighing uncertainties <5 % of the LVa set for the process (Jee 7.4.4)
Therpal stability duration of prabe-housing filter heating >8h
Overgll blank value < 10 % of the LVa set for the process o1 2 mg/m3,
whichever is smaller
Samplling time measurement uncertainty +5s
Linear measurementuncertainty (duct diameter) 1%
(nozzle diameter) +0,2 mm or +5 %, whichever is grieater
Sampling location
Flow prgle <15°
Negative flow None
Pressure difference (Pitot tube) >5Pa
Ratio of max. gas velocity to min. gas velocity 3:1

Straight length before the sampling plane

> 5 hydraulic diameters (recommended)

Straight length after the sampling plane

> 2 hydraulic diameters (recommended)

Straight length before emission point

> 5 hydraulic diameters (recommended)

Number of sampling points

See Tables 1 and 2

Equipment for flue gas characteristics

Absolute temperature

+1%

Flue gas density

+0,05 kg/m3

a LV =limit value.
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Depending on eventual regulatory requirements and plant authorization, on special kinds of effluent
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 maximum temperature reached during sampling and post-sampling treatment;

the test report.

8.2 Partidulate deposits upstream of the filter

Experiment3
when sampli
the measure

Particulated
of the partid
deposition o

Deposits may

series, or at least after each measurement series on the same sampling plane, and at least once a

the material
the individud

8.3 Imprgq

Experience h
also to the

establish and validate their own procedure, faking into account the sampling equipment and filt

be used.

Repeated wg

external temperature, humidity, ete; provides an estimation of the actual precision of weig

including the

The results

calculation of the gas volume to be sampled in order to obtain significant data, taking into accou

anticipated 1

24

the weighed parts shall be conditioned before sampling (7.2.1) at a temperature at least 20 °C above

the temperature used while sampling and while conditioning before weighing shall be indicated in

1 work has shown that particulate deposits upstream of the filter cannot'be neg
g dust concentrations. It has also been shown that significant errors cafi'be introdu
ments if these deposited materials are not recovered carefully.

eposits are dependent upon the design of the sampling equipment, and on the charactel

particulate matter and, if present, the particulate matter shall be collected.

' be collected using the rinsing procedures of 7.3.6, either after each test of the measury

is collected at the end of the measurement series, the‘recovered mass is then attribu
1 tests in proportion to the mass collected on each-filter.

vement of the weighing procedure

as shown that weighing uncertainties are related not only to the balance performan
Yhole procedure applied. Thereforg; before performing any measurement, the user

ighing of the same parts, spread over several weeks under varying conditions, {

uncertainties related.to the manipulation of the filters, equilibrium time, etc.

bhall be used as @ first estimate of the overall blank value, and can provide a me{

ange of particulate concentrations.

ected
red in

istics

ulate matter to be sampled. Therefore, all non-weighed parts,shall be checked f¢r the

bment
Hay. If
ted to

Ce but
shall
ers to

p.g. of
rhing,

ins of
nt the
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Calculations

Isokinetic flowrate

To perform isokinetic sampling, the sampling system flowrate shall be calculated so that the velocity of
sample gas entering the nozzle, vy, is equal to the flue gas velocity at the sampling point, v, or:

=VS

The flowrate at the nozzle, gy, expressed in the actual conditions at the nozzle is:

(8)

qy =An “Vn

According to Formula (5), isokinetic sampling is conducted when:

qy =An Vs

wher¢ A, is the area of the nozzle.

Becayse the sampling flowrate is measured under conditions (temperature, pressure, J
contept) that differ generally from the actual conditions of the gasin the duct, qy, must be

follows:
(100%—H, )Ty, -Pa
U =2 100%-H,)T, pp
wher¢
qh is the measured sampling volumetric flowrate;
apa is the sampling volumetric flowrate, expressed in the actual conditions at the sa

Hm, Hy are the moisture contents (humidity), as percentage volume, of gases in the 1
and actual (a) conditions;

Th, Ta  are the temperatures (measured and actual) of the gas, in kelvin;

Ph, pa  are the-absolute pressures (measured and actual) of the gas.

Compare the caleitlated target value of gy to the gy, obtained during the test to determ
agree within £10'%, the isokinetic sampling criteria of this document.

9.2

Dust'concentration

9

(10)

nd moisture
corrected as

(11)

mpling point;

heasured (m)

ne that they

9.2.1 General

For each test, calculate:

a)

the sampled volume, V, specifying whether on a dry or wet basis and under normal condition;

b) the total mass of dust collected, m, on the filter and upstream of the filter from the filter rinses;

)

the dust concentration, c:
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(12)

It can be necessary to express the particulate concentration relative to a reference Oz content to correct
for dilution effects and/or moisture.

This can be achieved by multiplying by the oxygen and carbon dioxide correction factors, fc 02 and
fc,co2, (9.2.2 and 9.2.3 respectively).

9.2.2 Oxygen correction factor

2

fC,Oz =

g

4

where

PO2,ref 1

Po2,m I

21% i

9.2.3 Carh
feco, =1
where

PCo2,ref

®»Co2,m

10 Perforl

10.1 Gener

Because wag
reproducibil

170 =90, ref
1% - (POZ ,n

5 the volume fraction, in percent, of Oz under reference conditions;
5 the volume fraction, in percent, of O measured;

5 the percent of oxygen in air.

on dioxide correction factor

PCOZ ;ref

?co,,m

is the volume fraction, in percent, of\ €0 under reference conditions;

is the volume fraction, in percent; of CO; measured.

mance characteristics

al aspects

te gas compOsition varies in time, it is not possible to determine the repeatabilit
ty of the method in accordance with ISO 5725 (all parts).

However, if dne team performs successive parallel sampling tests with two identical sampling sys

such a proce

Hure.allows a statistical comparison between paired values x1 and x; to be calculated

(13)

(14)

y and

tems,
.

The standard deviation, s, of the paired values 1s:

2n

where n is the number of sample pairs x1 and x».

The standard deviation may be used for the calculation of:

(15)

a) the internal uncertainty, u, (or internal confidence interval) linked to an individual measurement
carried out by that team:

26
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U=ty gs.y_1-S

where t(,95:, - 1 is the Student factor for a 95 % confidence and n - 1 degrees of freedom.

b) the repeatability, r, in accordance with ISO 5725 (all parts), i.e. the maximum difference between

two measurements by the same team, for a 95 % confidence level:

r=/2tg 95,01 -5

(16)

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

Wher] data are provided by several independent teams operating together, similar calculaltions may be
conducted and provided as an estimation of:

)

d)

the external uncertainty linked to an individual measurement carried outby ‘any te
the requirements of the standard. This uncertainty is to be taken into accéunt when c
easured values to the emission limit value;

the reproducibility [according to ISO 5725 (all parts)], R, i.e. the,maximum differenc

to the standard at the process conditions.

Wher] doing measurements at low concentrations, the detection limit may be estimated:

e)
f)

bly parallel measurements and calculation of the uncertainty;

bly successive measurements at near zero concentration. The detection limit is assumg
times the standard deviation.

10.2 [Experimental data for sampling

See Apnex E for information regarding-validation of the sampling method.

11 Test report

The test report shall refer to, this document, and shall include the following information:

a)
b)

c)

d)

d[scription of thespurpose of tests, identification of the site, date of sampling;
description ofth&’operating conditions of the plant process, and any variation during me
identification of the sampling location, and gas parameters in the duct;

1) duct dimensions, number and position of sampling lines and sampling points,

am fulfilling
mparing the

b that can be

ekpected, at a 95 % confidence, between two measurements by different teams working according

d to be three

asurements;

2) Stack pressure,

3) velocity and temperature profile,

4) 07/CO3 (if relevant), humidity concentrations, gas volumes.
measurement procedures;

1) velocity measurement (calibration of S-Pitot tubes, etc.),

2) characteristics of sampling equipment,

3) make (manufacturer of the sampling train),

4) nozzle diameter, characteristic of filter (material, size, type),

© IS0 2017 - All rights reserved
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f)

g)

28

5)
6)
7)
8)
9)

calibration of flowrate measurement devices,
filtration temperature,

weighing procedures,

conditioning temperature,

correction of apparent masses.

test results, for each test;

iy
2)
3)
4)
5)
6)
7)
8)
9)

test number and date

masp of particulate matter collected,

temperature and pressure of the gas in the sampling train,
gas ¢omposition (including moisture content),

sampling time,

sampled volume and flowrate,

any ppecial circumstances or incidents,

corrected results (standard conditions),

any |ntermediate and final calculation results.

quality gssurance;

1) leak|tests results,

2) overfall blank value,

3) isokfnetic criteria,

4) dep¢sits of dust upstream of the filter.

commerL.

1) Indigate in the test pesults the ratio of the measured values (mg of dust) to the overall blank
valug (mg of dust):

2) The|test report/shall also indicate any special circumstances that potentially influenced the
resullts, and'any information concerning the uncertainty of the results.

3) Ifit hasheen necessary to modify the method for any reason, then this modification shall be

repdrted.
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Annex A
(normative)

Proven design of the entry nozzle

One of the designs shown in Figures A.1, A.2 and A.3 shall be used for the entry nozzle.

Dimensions

30°
0.8
Y
R0,2
X Y
Figure A.1 — Entry nozzle, with combined filter holder
Dimensions
NG
A
Al
>0,2
X X
Figure A.2 — Entry nozzle, single-angle
Dimensions
/X<\7
i 5750
— o \
i
S
N
>0,2
X X

Figure A.3 — Entry nozzle, double-angle
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Determination of positions of sampling points in circular and
rectangular ducts

B.1 Requjrements for circular ducts

B.1.1 General rule for circular ducts

In the generpl rule applicable to circular ducts, the sampling plane is divided into(equal areas. The
sampling polnts, one at the centre of each area, shall be located on two or more diameters (sampling
lines), and onje point at the centre of the duct (see Figure B.1).

The location$ of the sampling points are dependent on the number of sampling points chosen.

For circular ¢lucts, two sampling lines (diameters) are sufficient, the distance x of each sampling point i
from the dudt wall can be expressed as:

1

where

K; isafactor, expressed as a percentage, in accordance with Table B.1;

d isthe length of the diameter of the duct!

Figure B.1 — Sampling point positions in circular ducts — General rule for ducts over 2 m
diameter (hatched portions are of equal area)

Table B.1 gives values of K; as a percentage, where nq is the number of sampling points per sampling line
(diameter) and i is the position number (index) of the individual sampling point along the diameter.
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Table B.1 — Values of K; as a percentage — General rule for circular ducts

Sampling point index K;

I n=3 n=>5 n=7 n=9
1 11,3 5,9 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
(o) 86,7 71,0
7 96,0 82,2
8 90,2
9 97,0

For circular ducts where it is necessary to increase the number of samplingylines (diamjeters) or the
numbler of sampling points (because of adverse flow conditions, for instance), the general Hormula (B.1)
for callculating the distance of the sampling point from the duct wall, aleng the diameter, bpcomes:

nyg(n; =2i)+1 C+1
X _4)q u for i<— (B.2)
2 ng (n; —1)+1
i+1
=4 for i =1 (B.3)
2 2
ng(2i—-2-n;)+1 1
x-—i al i) for i >4 (B.4)
ng (n; —1)+1
wher¢

i| istheindex of sampling peint along the diameter;

x| isthe distance of pointiifrom the duct wall;

nf is the number of sampling points along each sampling line (including the centre);
nf is the numberof sampling lines (diameters);

d| isthe diameter of the duct.

B.1.2 Tangential rule for circular ducts

In the f;\ngpnfi;ﬂ rule npp]ir‘nh]p to circular ducts_the cnmp]ing p]nnp is divided into equ 1 areas. The
sampling points, one at the centre of each area, are located on two or more diameters (sampling lines),
there being no sampling point at the centre of the duct (see Figure B.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.

For circular ducts where two sampling lines (diameters) are sufficient, the distance of each sampling
point from the duct wall can conveniently be expressed as

where k; is a factor, expressed as a percentage, in accordance with Table B.2.
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Table B.2 gives values of k; as a percentage, where ng is the number of sampling points per sampling line
(diameter), and i is the position number (index) of the individual sampling point along the diameter.

od

Figure B.2

— Sampling-point positions in circular ducts — Tangential rule for ducts over
in diameter (hatched portions are of equal area)

Taple B.2 — Values for k; as a percentage — Tangential rule for circular ducts

Sampling pdint index ki

L n=2 n=4 n=6 n=8
1 14,6 6,7 4,4 3,3

2 85,4 25,0 14,6 10,5
3 75,0 29,6 19,4
4 93,3 70,4 32,3
5 85,4 67,7
6 95,6 80,6
7 89,5
8 96,7

For circular|duct where it ig:néCessary to increase the number of sampling lines (diameter) ¢r the
number of sgmpling points; the tangential Formulae (B.6) and (B.7) for calculating the distance) from
the duct wall along the diameter are:
x; =41 12t for i< L (B.6)
2 n; 2
xi =314 22| for il (B.7)
2 n; 2

where the symbols have the same meaning as in Formula (B.2), but n; does not include the centre.

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

B.2 Requirements for rectangular (and square) ducts

In the rule applicable to rectangular ducts, including square ducts, the sampling plane shall be divided
into equal areas by lines parallel to the sides of the duct, and a sampling point located at the centre of

each area. See Figure B.3.

32
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In general, the two perpendicular sides of the rectangular duct are divided into an equal numbers of
parts, giving areas that have the same shape as the duct. The number of partial areas is thus the square
of 1, 2, 3, etc., depending on the number of divisions per side. See Figure B.3 a).

If the lengths of the sampling plane sides, I1 and I, where [ is greater than I, have aratio 1 / I > 2, side
I1 shall be divided by a number greater than I3, so that each of the smaller areas meets the criterion that
the longer side wall shall not be more than twice the length of the shorter side. See Figure B.3 b).

If the lengths of the sampling plane sides, I1 and I, are divided into n1 and ny parts respectively, the
number of sampling points will be n1 x ny, and the smallest distance from a wall of the duct will be
11/2n1 and Iz/2n;.

&) [P
3)11/123 b)11/12>
2 2

Figure B.3 — Illustration of sampling point positions in rectangular (and square) ducts
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Annex C
(informative)

Examples of weighing bias

C.1 General

Weighing bia

and post-sampling weighing, are illustrated in the following examples.

In these exar

balance is callibrated against a standard mass 25 g (volumetric mass 8 g/ml). Volumétric mass of

2 g/ml, of aif

C.2 Effect

Because of i
assumed to
air buoyancy

(40 x 1,2

C.3 Effect

The room b4
when weighi

The differen

the Petri box (25 g, volume 12,5 ml) is'9,4 ml.

Due to the te

94 x1,2

C.4 Effect

!

ses related to insufficient temperature equilibrium, and to climatic changes betwee

hples, the filter is placed in a closed glass Petri box, mass 25 g, inside air voliime 40 m

1,2 mg/ml.

of insufficient temperature equilibrium

sufficient time to equilibrate the temperature after dryifng)the air inside the Petri
ave a temperature 2 K higher than that at the room balance (300 K). Due to the cha
this difference of air temperature leads to an apparent mass variation of:

x 2)/300 = 0,3 mg.

of temperature variations

lance temperature is determined:tosbe 15 °C when weighing before sampling, and
Ing after sampling.

ce between the volume of ajr'displaced by the standard mass (25 g, volume 3,1 ml) 4

mperature change (10 K), this air volume leads to an apparent mass modification of:

< 10/300 = 0,4.mg.

of baremetric pressure variations

The barometlric pressure is determined to be:

h pre-

1. The
glass

box is
nge in

25 °C

nd by

a) when weighing before sampling: 98,5 kPa (740 mmHg);

b) when weighing after sampling:

Therefore, a

104 kPa (780 mmHg).

relative variation of 5,5 % exists.

Due to this relative variation, the 9,4 ml air volume leads to an apparent mass modification of:

94 x1,2

34

x 0,055 = 0,6 mg.
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