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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-govern
Internationg

Internationg
The main {
adopted by

Internationg

Attention is
rights. ISO

1ISO 11338-
source emi

ISO 11338
Determinat

Part 1:

Part 2:

mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
sk of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting. -Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 146, Air quélity, Subcommittee SC 1, Statio
bSions.

consists of the following parts, under the general title Stationary source emissiong
on of gas and particle-phase polycyclic aromatic hydrocarbons:
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Sample preparation, clean-up and determination
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a group of aromatic hydrocarbons, some members of which are
probable and others possible human carcinogens. Human exposure to PAHs can occur via food, soil, water,
air and skin contact with materials containing PAHs. While PAH are formed in natural processes (e.g. forest
fires), man-made atmospheric emissions of these compounds originate from the combustion of coal, gas,

woddand oif, from a range of nadustrial processes such as COKe production, aluminium smefti
veh|cles.
The| quantification of atmospheric releases of PAH from stationary sources is an impeoftant

envlronmental impact assessment of certain industrial processes.

g and from

part of the
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INTERNATIONAL STANDARD ISO 11338-1:2003(E)

Stationary source emissions — Determination of gas
and particle-phase polycyclic aromatic hydrocarbons —

Part 1:
Sampling

-

1 |Scope

Thig part of ISO 11338 describes methods for the determination of the mass concentration @

f polycyclic

arofnatic hydrocarbons (PAHSs) in flue gas emissions from stationary sources such as aluminium smelters,

coke works, waste incinerators, power stations, and industrial and domestic-combustion appliances.

Thig part of ISO 11338 describes three sampling methods, which.are here regarded as of equivglent value,
and| specifies the minimum requirements for effective PAH sampling. The three sampling methpds are the
dilufion method (A), the heated filter/condenser/adsorber..method (B) and the cooled prope/adsorber
method (C). All three methods are based on representative.isokinetic sampling, as the PAHs ar¢ commonly

assfpciated with particles in flue gas.

Infomation is provided to assist in the choice of_the appropriate sampling method for the mpasurement
application under consideration.

Thig part of ISO 11338 is not applicable to thé.sampling of fugitive releases of PAHSs.

NOTE Methods for sample preparation, clean-up and analysis are described in ISO 11338-2 and are intended to be
compined with one of the sampling methods described in this part of ISO 11338 to complete the whole measurement
progedure.

2 [Normative references

The following referenced documents are indispensable for the application of this document| For dated
references, only the” edition cited applies. For undated references, the latest edition of the|referenced

docpment (including any amendments) applies.

1SO[4225:1994, Air quality — General aspects — Vocabulary

ow rate of

1ISO|9096:1992, Stationary source emissions — Determination of concentration and mass f

particulate material in gas-carrying ducts — Manual gravimetric method

ISO 12141, Stationary source emissions — Determination of mass concentration of particulate matter (dust) at

low concentrations — Manual gravimetric method

© 1SO 2003 — Al rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4225 and the following apply.

3.1
chimney

stack or final exit duct on a stationary process used for the dispersion of residual process gases

3.2
mass conc
concentrati

entration
n of a substance in an emitted flue gas, expressed in units of mass per cubic metre

3.3
polycyclic
PAH

aromatic hydrocarbon

compound {hat contains two or more fused aromatic rings made up only of carbon and hydrogen atoms

3.4

stationary
gases emi
atmospherg

4 Princ

4.1 Prin
Devices for|
and Figure
regarded a
establish th

In general,
parts of the
sampling m
The three s
Annex A pr
After extrag

(HPLC) usi
MS). Applig

ource emissions
ed by a stationary plant or process and transported to a chimney—for dispersion into

ples and minimum requirements for the three sampling methods
Ciples

the three sampling methods, illustrated in Figure. B.1 (Method A), Figures B.2 and B.3 (Metho
B.7 (Method C), can be applied for the sampling of PAH from stationary sources. They
5 likely to produce equivalent results, however no comparative trials have been publishe
S.

Bs PAHs are present in both the vapour phase and on particles, the PAHs are collected in seV
sampling train: the particle filter, cendensate flask and solid or liquid adsorber. The choice of
ethod depends on the measurément application (see Table A.1 and Table A.2).
bmpling methods A, B and € are discussed in detail in Clauses 5, 6 and 7, respectively.
pvides further informiation on the applicability of the sampling methods.

tion and clean=up, the PAH are quantified either by High Performance Liquid Chromatogrg

ng a fluoreseence detector, diode array or UV detector, or by GC-FID/MS (low or high resoly
able methods for preparation, clean-up and determination are described in ISO 11338-2.

the

d B)
are
H to

eral
the

phy
tion

4.2 GenTraI minimum requirements for all sampling methods

The following steps shall be carried out irrespective of the sampling method chosen.

a)
ISO 90

b)

96.

Carry out isokinetic sampling at representative points in the duct cross-section, in accordance with

Before sampling, rinse the inside of the sampling device with acetone, dichloromethane or methanol and

then with toluene. Alternatively, immerse the parts in methanol and subject them to ultrasonic vibration for
2 h, and subsequently dry at 150 °C. Store these washings and analyse only if the results indicate that
the sampler could have been contaminated before sampling, for example if the results unexpectedly
exceed the relevant emission limit.

Carry out a leak check before every sampling procedure.
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If the joints in the equipment are of ground glass, any slight leak can be dealt with by wetting the joints

with a small amount of clean water. Greases should never be used for this purpose.
The minimum velocity in the sorbent bed shall be:

— for XAD-2 (thickness 50 mm, volume 35 cm3): less than 34 cm/s;

— for PU foam (thickness 50 mm, volume 98 cm3): less than 30 cm/s.

Check each batch of filters, solvents and reagents for preparation for background PAH levels.

f)

g)

4.3

The

c)

The glass parts of the sampling devices shall be protected from light during and after samp
after sampling and cleaned after the extraction procedure.

ling, cooled

Clean the probe thoroughly after each sample is taken. Add the probe rinse to the finse from the rest of

the sample.

If the probe is contaminated with particles which cannot be easily removed,wipe away the par
quartz wool swab steeped in acetone. Extract this quartz wool swab together with the filter.

If the sampling device is cleaned at the measurement site for reuse«there, the probe, the noz:
casings and all other parts of the sampling apparatus which have-been in contact with the
and so could still be contaminated shall, after cleaning to remieve the sample, be rinsed w
dichloromethane or methanol and followed by a toluene rinse.vAs before, this sample shall b
in case of concern about cross-contamination between samples.

Extract samples within 1 week and preferably within.24 h. Store the samples in the dark at — 7

General preparation and sampling
following steps shall be carried out irrespéective of the sampling method chosen.

Choose the sampling location with-regard to the safety of the personnel, the suitah
measurement cross-section (in, accordance with 1SO 9096), accessibility and availability
power.

Before the sampling starts; determine the flue gas density, pressure, temperature and if poss|
composition. In addition,-to ensure isokinetic conditions, determine the velocity and temper
across the cross-séction of the flue gas channel. Choose the correct size of the sampling p
calculated from Ghe' flue gas velocity and the approximate maximum flowrate achievable
sampler to ensure that the sampler will be capable of isokinetic sampling at all the measuremsd
the duct cress-section.

The parts ‘of the sampler which come into contact with the sample and which have been caref
in thedaboratory shall be

ticles with a

rle, the filter
sample gas
th acetone,
b preserved

°C.

ility of the
bf electrical

ible the gas
bture profile
robe nozzle
hrough the
ent points in

Lilly cleaned

d)

transported In Clean boxes, all the components having been sealed caretully,

equipment which will later be in contact with the sampile.

assembled in situ, carefully avoiding contact with the operator's fingers on the parts of the sampling

After sampling, store all materials containing sampled PAH under cooled conditions and protected from

light.

The following data shall be recorded during sampling:

sample volume (standard conditions);
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static

sample temperature (in the gas meter);
mean flue gas velocity;

diameter of the stack;

moisture content of the flue gas;

mean oxygen content of the flue gas during the sampling period;

To provide
and as a re
location, rin
this will onl
results in wi

NOTE |
sampling eq
are bound td

differences ip behaviour during sampling and extraction.

5 Meth¢

5.1 Pring

A proportio

flue gas. The flue gas is cooled very rapidly to temperatures below 40 °C in a mixing chamber using d

filtered and
In addition,
NO, NO,,
processes (

The diluted
This retains
required, a

The samplg
within 1,5 h

sampling, the filter.and, if used, the solid adsorbent are extracted and analysed.

sampling flowrate.

racorira and tamnarati e 1n tha ofanlc:
reoourc— terpeTrotoreTttre—otatiks

an estimate of the contamination present in the sampler and sampling matrices before samy
sult of sampler assembly and transport, an additional sampling unit may be takento the sam
sed and analysed. Unfortunately contamination incidents are random in their ‘o¢Currence, an

provide an estimate of the blank values. As a result, subtraction should not\take place. Howg
nich the contribution of this blank is substantial should be treated with caution.

h order to obtain information on the performance of the sampler, internalistandards can be added td
lipment (e.g. on the filters or the adsorbent) and their recovery measured’However, the internal stand
the filter in a manner different to that by which the native PAHs are~beund to the fly ash, so there ma

pd A — Dilution method

Ciple

h of the flue gas is collected isokinetically.via a sampling probe heated to the temperature of
if appropriate, cooled air. This dilution prevents condensation of water present in the gas sanm
dilution seeks to minimize the reactions of the separated PAH with other flue gas components,
SO,, SO; and HCI. The sampling conditions are similar to the natural dilution and codg
f flue gases emitted into thé atmosphere.

flue gas is then passed through a silicone-bonded glass fibre filter impregnated with paraffin

PAH components with 4 to 7 rings. If sampling for more volatile PAHs (2- or 3-ring compound
solid adsorbent!)“¢an be incorporated downstream of the filter in the sampling train.

of sampling, sufficient PAH for analysis has been collected, usually in about 8 m3 to 10 m3. 4

A schemati

ling
ling
i so
ver,

the
ards
y be

the
ied,
ple.
e.g.
ling

oil.
5) is

gas flowrate-through the sampling probe should be in the range of 2 m3/h to 8 m3/h. Normally

\fter

L representation of a tested sampling device is given in Figure B.1.

5.2 Minimum requirements

The following procedures shall be followed.

a)

Keep the filter at < 40 °C. Avoid condensation on the filter.

1) Porapak PS is an example of a suitable product available commercially. This information is given for the convenience of users of this
part of ISO 11338 and does not constitute an endorsement by ISO of this product.
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b) Include a solid-adsorber stage downstream of the filter if volatile PAH are to be reported.

c¢) Change the filter and solid-adsorber unit for cleaning the dilution air after a gas volume of

been sampled.
5.3 Preparation and sampling

5.3.1 Sampling train and its operation

-1:2003(E)

100 m3 has

The unit for sampling a given quantity of partial flue gas consists of a nozzle, an elbow joint, and the probe.

ave an effective diameter of between 6 mm an mm. Choose the co
, in accordance with ISO 12141 or 1ISO 9096, to ensure isokinetic sampling is possible. Heat

In the mixing chamber the flue gas is mixed turbulently with dry ambientair. This dilution air en
angles to the direction of flow of the sampled flue gas, and is first deflected by the walls of the ¢
then mixes with the flue gas, which has passed through an insulated tube (8 mm to 10 mm

projects into the chamber. The gas-mixing zone is 150 mm long and)has a diameter of 50 mm.

Thel sample filter is located at the exit of the mixing chamber,and the dilution-air filter is located at
the mixing chamber. The filters are mounted in two-part filier casings, sealed with O-rings and thg

rect nozzle
he probe to
creases as
hmpled gas
thermostat.
dent on the
ding on the

ters at right
hamber and
ong) which

the entry to
n fixed with

snap closures to the mixing channel. Solid adsorbers.-may be linked downstream of both filters if the

measurement of 2- or 3-ring PAHs is required. The filter casings contain sensors for me
temperature of the diluted sampling gas stream and-the dilution air.

The
san
a similar unit. The measurement of the.flowrates is carried out by measuring the pressure drop a
plates and the absolute pressure and /by Pt-100 temperature sensors. Other calibrated suitab
measuring devices may be used.tThe dimensions of the orifice plates are such that the ratio o
diameter (d) to the plate diameter (D) is (d/D)? = 0,56. The calibration constants for the orificg
detg¢rmined at suitable interyals”at the laboratory and then checked by operating the two noz
sanjpler in series.

sampling filter casing is connected with :@.flexible hose to a unit which measures the total flo

The
mic
flow
mai
befq
med
ther

oprocessor-coftrolled evaluation and control unit; but manual operation is also possible as
is adjusted.af Teast every 10 min. The automatic control system ensures that the sample ga
htained at’isokinetic conditions and the filter temperature does not exceed 40 °C. The initial va
re sampling, based on temperature, pressure and gas velocity in the flue gas duct and i
surement units, as well as the composition of the flue gas. The theoretical value for sample ga
Calculated using the measured temperature, pressure and gas velocity in the flue gas duct

asuring the

wrate of the

pled flue gas and the dilution air. The flow of dilution air is measured before the dilution air filt¢r casing by

cross orifice
le flowrate-
f the orifice

plates are
rles from a

regulation of the“sample flowrate to ensure isokinetic sampling can be fully automatic via a

long as the
5 flowrate is
ues are set
n both flow
5 flowrate is
and in both

flo
altered automatically.

Measuring devices for pressure, temperature, flue gas velocity and flue gas composition, especial
are required.

A vacuum pump, a blower2) or a compressed-air-driven ejector can be used for the suction.

‘ o — ! fa — .t + 1 ol el 4
MedsurcIinerit urmts at mnervdals U 1T 5 diiu, 1T dppropridle, uic sdallipic altu uitutiornt air 1mowrat S are then

ly moisture,

2) A Roots blower is an example of a suitable product available commercially. This information is given for the convenience of users of

this part of ISO 11338 and does not constitute an endorsement by ISO of this product.
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The dilution air is passed through a drying tower to reduce atmospheric moisture and cooled, if appropriate,

using a heat exchanger.

5.3.2 Preparation

Before sampling, an internal standard can be dissolved in methanol or acetone and uniformly distributed over
the filter surface and/or the solid adsorber. The filter shall not be used for sampling until at least 2 h after the
internal standard has been applied. The filter with the internal standard may be stored for several days if

protected from light at -7 °C.

Before samppling starts, check the experimental parameters and constants stored in thejevaluation and co
unit, if one is used and, if necessary, alter to parameters valid for the next sampling precess.

Then fit the| probe in the flue gas channel, with the shutoff valve closed to prevent-backward flow through

sampler. P
performed.

Replace th
passed thrg

eheat the suction tube to the temperature of the flue gas, normally.after the leak check has

b filter and the solid adsorber unit used to clean the dilution air after a volume of 100 m3
ugh them.

5.3.3 Sampling

Once the sampler nozzle has been placed at the correctinitial sampling position within the duct, sampling

start. Regul
the start of
valves cont
isokinetic s|
40 °C at thg

During the
at the sam

ate the dilution sampler either by an automatic evaluation and control unit or by manual contrg
the sampling process, set the dilutionair to a maximum, open the shutoff valve and adjust
rolling the dilution air and sampled:flde gas very rapidly until the correct flue gas flowrate
bmpling is established. Regulate ‘the dilution air flowrate by the valve to give a temperatur
sampling filter (see manufacturers’ operation manual).

eck
ting
sure
ime
and

htrol

the
een

has

can
. At
the
for
e of

sampling procedure using an automatic control unit, the display screen shall show the temperature

pling filter, the sample, volume already aspirated, the aspirated partial gas stream and

temperaturg, pressure, differential pressure, the flue gas streams and the cooling air as well as the total

stream (flue
of 10 mino

Sampling n
measuremse
shutting off
can be prin

gas - cooling air)-at differential intervals of 1 s. Similar parameters shall be recorded at inter
less if manual‘control is carried out.

hay be interrupted at any time and then continued with unchanged settings, e.g. for syg
nts, tosineorporate the sampling probe in another measurement axis. Closing the shutoff valve
the.pump will terminate sampling. Depending on the automatic control unit used, the data obta
ed-out, stored or displayed.

the
gas
vals

tem
and
ned

The sampler is then disassembled and the sample filter and solid adsorber are removed and stored. The
sampling filter is protected from UV radiation, sealed in an air tight enclosure such as a polyethylene bag and
stored under cool conditions (— 7 °C) in the dark until required for extraction. The adsorbent is left in the
adsorbent cartridge which is closed off with glass stoppers and protected from light. The parts of the sampling
equipment train before the adsorbent cartridge which came into contact with flue gas shall be checked at the
conclusion of the measurements for deposits and cleaned, if necessary. Any residues shall be added to the
material to be analysed, to be extracted in conjunction with the filters.

After sampl

filter;

ing, analyse the following parts:
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solid adsorber;

rinsing solutions.

NOTE The dilution air filter and adsorbent can be analysed as a blank, to obtain information on
contamination from the ambient air during sampling

6

6.1

Flug
in a
the
can
titan
thro
Cap
the
use
the
bety

The

Aftd
and

As

6.2
The
a)
b)
c)
d)

e)

Method B — (Heated) filter/condenser/adsorber method

-1:2003(E)

any possible

—Principte

gas is drawn from the duct isokinetically through a nozzle and a heated sampling probe.to"a
heated enclosure. Keep the filter above the dewpoint of the flue gas but at a temperature no

be used upstream of the filter to prevent the filter being overloaded. A properlyysealed qua
ium-lined suction probe shall be used. Pass either all, a known fraction, or a_ known amount
ugh a condenser which is attached downstream of the filter to cool the 'sample gas to b

ture gaseous PAH by condensation in impingers and/or adsorption on _solid adsorbents down
condenser. As the flue gas cools in the condenser, moisture is colleCted. Sampler designs

veen the two approaches are known at the time of writing.

extract and analyse the filter and acetone/toluene\washings.

hematic representation of a tested sampling-device is given in Figures B.2 and B.3.

Minimum requirements
following procedures shall be observed.
Place the filter in the duct-or.outside the stack in a heated filter holder.
Maintain the filter, if-t\is’'within the duct, at a temperature equal to that of the flue gas.
Heat the filterscised outside of the stack to a temperature above the flue gas dewpoint.
The sample/gas temperature after passing through the condenser shall be less than 20 °C.

Impinger fluids or solid adsorbents can be used to capture gaseous PAH. The collection effic
adsorber or impingers shall be validated for the PAH compounds of interest.

barticle filter
higher than

duct temperature. If there is a high particle content in the sample gas, a cyclone @r.quartz wqol cartridge

tz, glass or
of the flow,
low 20 °C.
stream from
have been

H in which either the condensate is collected in a flask before the flug.gas passes through the adsorber, or
condensate and the gas pass through the adsorber and then {0 the condensate flask. No gqomparisons

sample volume flowrate can be from 1 m3/h to 6 m3/h, depending on the design of the sampling train.

r sampling, rinse the sampling device and the adsorber or impinger solutions, depending on which is used,

ency of the

6.3

6.3.

Preparation and sampling

1 Sampling train and its operation

The sampling can be carried out with or without division of the sample gas flow. Flow division (splitting) is
used when the flow collected isokinetically is too high to have good adsorption efficiency when passing
through the available adsorption unit. The common sample apparatus consists of a particle filter unit, a
condenser, an adsorption unit and a flow control device with a gas meter, a pump and a flow regulator.

© 1SO 2003 — Al rights reserved
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The probe and sampling nozzle shall be made of titanium, stainless steel, glass or quartz.
Polytetrafluoroethylene (PTFE) or fluoroelastomer3) can be used to seal joints and as a coating on the filter
support. If flow division is needed, place a flow divider behind the particle filter. Place a device for measuring
and regulating the flow in the main stream in order to achieve isokinetic conditions. Treat the side stream as
described for the device without flow division. Clean the sampling probe after sampling by washing with
toluene or hexane. It is recommended that a glass or quartz tube be inserted into the suction tube as a liner.
This can be removed after sampling, and later cut into pieces for extraction in the laboratory. Connect the filter
to the sampling probe either outside or inside the duct. If the filter is outside it must be heated. With flue gas
temperatures of more than around 120 °C, an air- or water-cooled suction tube may be used. If the sampled
flue gas contains a high concentration of particles (e.g. >100 mg/m3) a quartz wool pre-filter or a cyclone can
be used before the final absolute filter, which is normally flat and hence can block at high particle loadings and
cause largd pressure drops.

Cool the sgmple gas downstream with a condenser and maintain its temperature below 20 °C. Operate| the
cooler fluid [with the temperature between 0 °C and 20 °C but as low as possible. Examples of filter housipgs,
condenserg and adsorber systems are given in Annex B.

The gaseoys PAH are trapped in the subsequent adsorption stage (a solid adsorber cartridge filled with [e.g.
adsorbent#] and/or polyurethane plug).

Connect the exhaust of the adsorption stage to impingers which trap condensed«liquid. Then draw sample|gas
through th%Ivqume measurement and regulation unit and the pump by tubing-"The condensate trap may be
placed eithgr before or behind the solid adsorber cartridge.

During sanppling, measure the temperature of the sample gas af\the beginning and at the end of]the
condensatg flask.

6.3.2 Preparation

Connect the sampling apparatus, using spherical ground-glass joints and fork clamps. Perform a leak |test
before sampling.

Carry out alleak check in one two ways:

a) evacudte the sampling train with plugged nozzle, adjust the volume flow valve to the minimum vactium
used dpring sampling, and then measure the volume flowrate, which shall be less than 5 % of the nofmal
flowrate;

b) evacugte the sampling train\with plugged nozzle to about 500 hPa and, using the observed rate of
increade in pressure within, the system together with knowledge of the system volume, estimate the Jeak
rate, which shall be less\than 5 % of the normal sample flowrate.

Before sanipling, eithersthe filter or adsorber unit can be spiked with different internal standards. The filter
shall be lef{ to stand\after spiking for at least 2 h before sampling is carried out. The compartments chafged
with interna] standards may be stored for several days in the dark at — 7 °C. If during sampling a change of the
filter becomeshecessary, for example because of high dust load, the new filter shall be spiked with the same
internal standards. This shall be taken into account during subsequent calculations of standard recovery|and
concentrations.

3) Viton® is an example of a suitable product available commercially. This information is given for the convenience of users of this part
of ISO 11338 and does not constitute an endorsement by ISO of this product.

4) XAD-2 resin and Porapak PS are examples of suitable products available commercially. This information is given for the
convenience of users of this part of ISO 11338 and does not constitute an endorsement by ISO of these products.
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During sampling, position the probe at the chosen measurement point in the cross-section of the duct. Then
switch on the pump, and regulate the flowrate of sample gas to guarantee isokinetic sampling. Regulate the
temperature of the condenser cooling fluid so that the temperature does not fall below 0 °C, in order to avoid
ice formation inside the condenser.

The size of the condensate collection flask shall be chosen taking into account the moisture content of the flue

gas

and the quantity of flue gas to be sampled.

At the end of sampling, close the valve to stop backward flow of air through the sampler, switch off the pump

and

7

7.1

The
not
Sta
whi
its @

The
into

collgct the gaseous-PAH. Before the last solid adsorber, a filter (0,3 um pore size) is used to captu

Inst
tubd

The

remove the sampling train from the duct. Then carry out the following procedures.
Rinse the probe carefully with acetone, hexane and then toluene. Remove particles adhering f
of the probe with a pre-cleaned glass or quartz wool swab. Store the collected material in th
cool place (-7 °C).

Store the filter in a closed glass container protected from light in a cool place (=7 °C).

cool place (-7 °C).
If impingers are used, pour the contents into brown bottles./Rinse the impingers with acetd

(=7 °C).

Method C — Cooled probed/adsorber method

Principle

flue gas is drawn isokinetically through;a nozzle into a water-cooled probe. The materials of th
mportant as long as they resist the flue gas conditions and the temperature differentials acros
nless steel has been successfully used. The probe is lined with a glass, quartz or titanium in
th the flue gas passes. The insgrt is fixed within the probe and cooled by a supply of water pas
utside. The liners can be clt into pieces after sampling and be extracted in the laboratory.

sample gas is cooled'within the probe to below 40 °C. The flue gas and condensate pass out
a condensate flagk.ir“which the condensate is caught. Downstream, solid adsorbers are used

bad of the_Gooled probe and the condensate flask, a special condensate flask with an integ
cooledby,an ice bath can be used.

flue'gas volume flowrate may vary from 0,5 m3/h to 2 m3/h depending on the design of the san

o the inside
e dark in a

Close off the condenser and adsorber with ungreased glass stoppers.-Store the sample in the dark in a

ne, hexane

and toluene. Add the rinsing solution to the impinger fluid and*store it protected from light in @ cool place

e probe are
5 the probe.
sert through
sing around

bf the probe
| in order to
e particles.

al impinger

hpling train.

A schematic representation of a tested sampling device is given in Figure B.7.

7.2

The

Minimum requirements

gas temperature downstream of the cooled probe shall be < 40 °C.
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7.3 Preparation and sampling

7.31

Sampling train and its operation

The design of the sampling train shall be suitable for the measurement being carried out and shall enable
collection of sufficient sample to meet the study objectives. The flue gas is sucked isokinetically through a
nozzle into the water-cooled probe liner. The use of a probe made of PTFE is possible at temperatures of less
than 180 °C. The probe liner is coaxially fixed into a double-jacketed probe. The cold water flows up the inner
of two concentric pipes countercurrent to the flue gases and then out at the end of the probe into the outer
jacket and back to the other end. Care shall be taken at very high flue-gas temperatures that the water

flowrate is s

ufficient to prn\/nnf the water hning turned-to steam

q

4

After the

downstream can consist of impingers containing diethylene glycol or ethoxyethanol and a solid, adso|

consisting ¢

held betwegn the two stages to capture any particles that have passed through the condensate flask.

After the las

All connect
glass. Becg
plastic caps

an air-cooled suction tube connected to a efficient condenser and an impinger inserted into a conden

bottle in an

NOTE B
connected W
ISO 9096 wi
7.3.2 Pre

Before sam

Other clear
which are n

Connect the probe, the elbow joint-and’the suction tube.

Connect the drying tower and-thé’volume flow measurement and regulation unit with the solid adsorber/filtg

Insert the c
Carry out a

a) evacug

uction tube, a condensate flask captures the flue gas condensate. The adsorption’s

f adsorbent and/or polyurethane foam plug. Normally a two-stage adsorber is used, a filter b

t adsorption stage, connect a drying tower, a gas meter and a flue-gas flowrate'control unit.

ons from the outlet of the sampling probe to the inlet of the adsorption stage shall be mad
use of the danger of glass damage, spherical joints are recommended. Screw-thread tubes
and PTFE-sealed threads can also be used. Connections via hoses are not permitted, how

ice bath may be used.

y using several glass tubes equipped with spherical joints, the-Condensate flask and solid adsorber ca
th the probe in such a way that movement of the nozzle atithe end of the probe to the points require

baration
pling, rinse the sampling device with:acetone or methanol and then with toluene.

ing procedures may be used, if they have been demonstrated to produce reliably blank le
pt significant in terms of the measurements to be reported.

bndensate bottle.

leak chegk’in one of two ways:

used d

age
rber
Ping

e of
with
Bver
sate

h be
d by

hin the cross-sectional area of the stack are possible. The assembled apparatus is fixed in a support and in
this way, it c@n be transported to the measurement location.

vels

Brr.

um

the volume flow valve to the minimum vac
Viat] 0,

flowrate;

b)

mal

evacuate the sampling train with plugged nozzle to about 500 hPa and, using the observed rate of

increase in pressure within the system together with knowledge of the system volume, estimate the leak
rate, which shall be less than 5 % of the normal sample flowrate.

If an internal standard is used, it shall be spiked into the condensate flask or the condenser unit.

Prior to sampling, prepare the ice bath.

10
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7.3.3 Sampling

First, turn on the cooling-water feed for the probe. Then move the probe into the correct initial position within
the duct. Switch on the pump while keeping the valve between pump and gas meter closed. The sampling
apparatus is now ready for sampling.

Maintain the sample gas temperature below 40 °C after passing the cooled probe. Cool the condensate flask

and

other liquid impingers in an ice bath.

If the condensate bottle has to be changed during sampling, the new one shall be spiked with the internal

standard,

if applicable. This shall be taken into account in calculation of standard recoveries and

con

Centrations.

At the end of sampling:

Aftd

switch off the pump;
drain the cooling fluid from the suction tube. The probe may be rinsed while,still'connected or |
disconnect the sampling device;

rinse the probe thoroughly several times. [If an insert in the suction_tube is used, it can be culf
and placed in a closed glass bottle and stored in the dark in a,e00l place (— 7 °C)];

pour the condensate fluids and the solvent used for rinsing, into brown glass bottles, seal and
dark in a cool place (— 7 °C).

r sampling, the following parts shall be included in the extraction and analysis:
combined condensate and rinsing solutions;

solid adsorber (if used);

filter;

glass liner (if applicable);

back-up adsorbent (ifapplicable).

ater;
into pieces
store in the

© 1SO 2003 — Al rights reserved
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Annex A
(informative)

Applicability of the sampling methods

Tables A.1 and A.2 give further information on the applicability of the sampling methods.

Taple A.1 — Applicability of the sampling methods to different flue gas characteristics

PAH conceptration, pg/nm3

0,04 to 10 000

Flug gas characteristics Method A Method B Method-C
Temperature, °C <800 <800 < 800
H,O content, g/m3 <600 <500 <300
Particulate matter concentration, g/m3 <5 <2 <2

0,1 to 6 000

(0,002 5 pg/m?3)

0,002 to 30 000

12
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Table A.2 — User information on the demonstrated applicability of the sampling methods

Process characteristics

Sampling method

Flue gas
PAH concentration temperature Source examples Method Comments
°C
170 ng/nm?3 to .
14 I-fired AFBA A —
440 ng/nm? 0 coal-fired
57 pg/nm? to - .
7O?pﬁg/nm3 270 to 350 wood-burning installation A —
26&) ug/m?3 885 waste oil incinerator B glass liner in Sampling probe
7 ug/m3 875 landfill gas incinerator B glass liner im sampling probe
4 Ug/m3 200 coal-fired power plant B glassiiner in sampling probe
0,24 ug/m3 200 pulp and pat;))c(;:'”reTlll recovery B glass liner in sampling probe
3
gga“ﬁgnggo 300 to 400 marine diesel engine B XAD-2 cartridge
40 [ug/nm3 50 to 80 experimental boiler B PUF cartridge, 45|% H,O
3 _ . .
10 pg/nm®to 100 to 150 bark boiler B | XAD-2cartridge, figh
6 000 ug/nm particles
. . XAD-2 cartridge, high
3
< 0,5 pg/nm 100 to 150 lime kiln B particles
3
<91 pg/nrg to 60 to 120 recovery boiler B XAD-2 cartridge, 25 % H,0
381) pg/nm
1 tcl) 6 600 pg/nm3 100 to 200 waste incinerator XAD-2 cartridge
< 0,01 pg/m3 70 to 120 clean gas at MSWI C
3
gzg?’“;% mto 200 to 300 raw gas at MSWI c
3 . .
50 |ug/m ?Eo 50 t6 500 diesel engine exhaust c glass liner shall bg included
501) pg/m in work-up
20&) ug/m? to glass liner shall bg included
2 000 yg/m3 coke oven C in work-up
3
0.2 pg/gn to 200 to 350 raw gas electric-arc furnaces C
2 ug/m
3 . glass liner shall be included
up [to 30 000 pg/m house heating C in work-up
0,2 prgfm o 450 to 500 landfill gas engines C
2 pg/m3

© 1SO 2003 — Al rights reserved
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Annex B
(informative)

Schematic representations, dimensions and materials of some tested

B.1 Sam
B.1.1 Ger
Sampling d
a) aPran
the flue
or
a micrg
b) amois
c) an aut
correct
d) asyrin

The materig
gaskets sh
interfere wi

If the samp

Greases sh
in B.1.2, B.

B.1.2 San

In Figure B

sampling devices

pling devices

eral
pvices for all three methods shall include the following:

Htl or S-tube with a differential pressure gauge for measuring the static and“dynamic pressurg
gas channel (for calculating the gas flowrate)

manometer to determine the pressure in the stack, and
ure-measuring device to determine the moisture in the flue'gas, and

pmated oxygen-measuring system to continuously~determine the oxygen content,
on is required, and

if oxy

he to add the internal standard(s).

pbuld be avoided, since PAH can-be~adsorbed, and at high temperature compounds likel
h the analysis are emitted.

ould never be used for this)purpose. The sampling devices for Methods A, B and C are descr
.3 and B.1.4 respectively:

pling device forMethod A: dilution method

1 a schematic presentation is provided of a sampling device of method A.

The sampling apparatus consists of:

B.1.2.1

made of corrosion- reS|stant material, e.g. borosmcate or quartz glass and stainless steel Materlal No. 14571

unalloyed ti
B.1.2.2

B.1.2.3

B.1.2.4

s in

gen

| of which the sampling equipment is made should be inert towards PAH and easy to clean. Plastic

y to

ing device is an all-glass ane, ground-glass joints can be suitably sealed with a little clean water.

bed

tanium.

Elbow joint, made of corrosion-resistant material, e.g. stainless steel, unalloyed titanium.

Sampling probe, with internal tube made of corrosion-resistant material (e.g. titanium), heat
output about 250 W to 1000 W per metre of tube length, insulated on the outside; heating controllable.

Two filter casings for mounting the glass fibre filter, one casing for the PAH sampling filter

and

one for the dilution air filter; made of corrosion-resistant materials, e.g. stainless steel. (For low-volatility PAHSs,

a combinati

14

on casing is available as an option for mounting a solid adsorbent.)
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B.1.2.5 Mixing tube, with an axial waste-gas inlet and a coaxial dilution-air feed.
B.1.2.6 Two orifice meters, for measuring the dilution air stream and the total gas stream
dilution air).

(waste plus

To calibrate the two flow measurement channels, the gas stream flowing through one orifice meter is first
compared with the reading of a calibrated gas meter (2 % precision). In a second step the two flow
measurement channels are connected in series in such a way that they carry both streams. The orifice meter
constants are then matched. This differential gas stream measurement set-up achieves a precision of 2 % or
better, based on the aspirated waste gas stream.

B.1
dilu

B.1

B.1
preg

B.1

B.1
ato

B.1
701

B.1

B.1

B.1

B.1
2 x

2.7 Four thermoelements, for measuring the temperatures in the suction tube, of the
ion air and of the flue gas.

2.8 Two PT-100 measurement sensors, for measuring the temperature at the orifice met

sure in the flue gas channel.

2.10 Two differential pressure gauges, for measuring the differential-pressure at the orifig

2.1 Heat exchanger, for cooling the dilution air (for an air throtighput of 40 m3/h to 70 m3
utside temperature of > 25 °C.

212 Drying tower, packed with silica gel; for drying the.dilution air (for an air throughput o]
n3/h).

2.13 Two automatic control valves, motor-driven, with suitable flow-resistance characteri
2.14  Suction device (ejector), or alternatively a vacuum pump or Roots blower.
2.15 Compressed air, for driving the_ejector or the suction blower.

2.16  Electric current connection, for heating the suction tube and for the measuring equi
PO V, 16 A.

filter, of the

ers.

2.9 Three pressure gauges, for measuring the effective pressure at thedorifice meters and the

e meter.

/h) required

f 40 m3/h to

stics.

pment, fuse

© 1SO 2003 — Al rights reserved
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(1]

v

Key

1 off-gas

2 sampling probe
3 elbow jgint

4  heated puction tube
5  mixing tube

6  sampling filter
7  comparjment A
8  solid adsorber
9  comparjment B
10 gas mefer

11 to extragtor

12 drying tpwer
13 gas mefer

14 solid adsorber
15 cold air ffilter

Figure B.1 — Schematic representation of a sampling device for Method A

B.1.3 Sampling device for Method B: (Heated) filter/condenser/adsorber method

In Figures B.2 and B.3, schematic representations are provided of a sampling device for Method B (without
and with flow division). Figure B.4 shows some particle filter types. In Figures B.5 and B.6, two types of
condenser systems and adsorber cartridges are provided, respectively.

The sampling device consists of the following parts:

B.1.3.1 Sampling nozzle, made of titanium, quartz or glass, inside diameter 5 mm, 6 mm, 8 mm, 10 mm,
12 mm or 16 mm depending on the measurement application.

B.1.3.2 Elbow joint, made or titanium, quartz or glass.
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B.1.3.3 Sampling probe, made of titanium, quartz or glass, heated with the temperature electronically
controlled.
B.1.3.4 Filter casing, to collect the particles; made of titanium, glass or quartz. For some types of filter

casings, see Figure B.4.

B.1.3.5 Oven, temperature electronically controlled.

The temperature of the filter on which the particles are collected should be the same as the flue gas. This can
be achieved by mounting the filter in an oven outside the flue-gas current.

B.1{3.6 Quartz wool cartridge (optional), made of quartz or glass.

B.1{3.7 Cyclone (optional), made of glass; for use if there is a high particle contentrin-the sample gas
(> 100 mg/m3).

B.1)3.8 Flow divider (optional), to keep a ratio between main and side streamc

B.1)3.9 Glass tubes, to connect filter casing and condenser, e.g. supported with sphericgl joints and
clamps.

B.1{3.10  Condenser, to reduce the sample gas temperature below 20 °C.

B.1]3.11 Cooling aggregate, powered to at least 500 W, or cooling water.

B.1{3.12 Condensate flask, of sufficient volume to hold‘the condensate of the sampling period} e.g. a two-
necked flask.

B.1]3.13  Impingers or wash bottles (alternativesifor the condensate flask plus coolers).

Thel impingers or wash bottles are mounted without gas inlet tubes at the beginning and end of [the train, in
order to prevent any liquids from being sucked-back into the equipment.

B.1{3.14  Solid adsorber, for capture)of gaseous PAH, containing polyurethane foam (PUF) andl/or XAD-2.
To prevent aerosols passing thetadsorber, it may be preceded by a filter. The temperature of the adsorber
shopld be kept at < 20 °C. To-ensure adequate packing, the adsorber should be mounted vertically.

B.1{3.15 Drying tower;-to dry the volume of the flue gas measured by the gas meter.

For[this purpose a ¢olumn of silica gel gives good results.

B.1{3.16  Two thermoelements, to measure the temperature of the sample gas, one behind the filter
whdre the particles are collected and one in the solid adsorber.

B.1{317" Suction device with gas meter, pump and valve, to determine the sample volime and to
regllate-the-volume-flowrate+naintaining-isekinetic-conditions:

B.1.3.18 Connections, made of glass, quartz or titanium; behind the adsorber stage.

Plastic hoses are allowed.
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nozzle
thimble ffilter
heated probe
connecfions (glass)
temperature control
condenger
condensate flask
diethylene glycol
bubbler
drying tpwer
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suction device (pump, valve, gas meter)

Figure B.2 — Schematic representation ‘of'a sampling device for Method B (without flow division)
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11

Key

sampling nozzle

probe (evenly heated)

temperature-regulated casing (box) (7 < 125 °C)
filter holder

filter (diameter 125 mm)

temperature control

flow divider

0 N O g b~ WON -

condenser

9 |condensate bottle (1 litre)

10 |solid adsorber and/ordmpinger unit

11 |suction device, side-stream max.15 I/min
12 |suction device; main stream max.120 I/min
13 | gas velocity ‘and pressure meter

14 | gas-temperature sensor

15 |timer

16 |atmospheric-pressure sensor

17 main stream
18 side stream

Figure B.3 — Schematic representation of a sampling device for Method B (with flow division)
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