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Foreword

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

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

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

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

For an explanation on the meaning of ISO specific termis and expressions related to| conformity
assegsment, as well as information about ISO’s adherénee to the WTO principles in the Technical
Barrjers to Trade (TBT) see the following URL: Foreweo¥d - Supplementary information

The tommittee responsible for this document is ISO/TC 146, Air quality, Subcommittee SC 1, Stationary
sourge emissions.
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Introduction

Since it is estimated that selenium is exhausted from stationary sources like coal combustion plants, the
investigation of the emission amounts of selenium from the stationary source is increasingly important
for preventing a potential risk.

This International Standard describes a method for the sampling and determination of selenium
compounds in a flue gas passing through ducts or chimneys. Selenium compounds generally exist both
in vapour phase and in solid phase in flue gases, this method allows the determination of both gaseous
and particulate selenium concentrations in flue gases.
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Stationary source emissions — Sampling and
determination of selenium compounds in flue gas

1 Scope

This International Standard describes the method for the sampling and determination of selenium
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ISO 15586, Water quality — Determination of trace elements using atomic absorption spectrometry with
graphite furnace

ISO 16911-1, Stationary source emissions — Manual and automatic determination of velocity and volume

flow

rate in ducts — Part 1: Manual reference method

ISO 17294-1, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —

Part

1: General guidelines

ISO 17294-2, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —
Part 2: Determination of 62 elements
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ISO/TS 17379-1, Water quality — Determination of selenium — Part 1: Method using hydride generation
atomic fluorescence spectrometry (HG-AFS)

ISO/TS 17379-2, Water quality — Determination of selenium — Part 2: Method using hydride generation
atomic absorption spectrometry (HG-AAS)

ISO 20988, Air quality — Guidelines for estimating measurement uncertainty

[SO 23210:2

009, Stationary source emissions — Determination of PM10/PM2,5 mass concentration in flue

gas — Measurement at low concentrations by use of impactors

ISO/IEC Gui

de 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in

measuremen

3 Terms

For the puryj

t (GUM:1995)

and definitions

oses of this document, the following terms and definitions apply.

3.1

selenium c
diameter p

gaseous seﬂi‘nium compounds

3.2

isokinetic s
sampling at
the same as

3.3
particulate

pounds passing through a filter having at least 99,5 % collection efficiency for 0,3 um
rticles

ampling
a flow rate such that the velocity and direction of the gas entering the sampling nozzle are
those of the gas in the duct at the sampling point

selenium compounds

selenium cgmpounds contained in a solid phase particle collected by a filter having at least 99,5 %

collection eff

34
sampling p
specific pos

3.5
STP
standard co

4 Symbg

4.1 Symb

ficiency for 0,3 um diameter particles

pint
tion on the sampling sectiohvat which a sample is extracted

hditions for temperature, 273,15 K, and pressure, 101,325 kPa

)ls and abbreviated terms

ols

CAl,Se

Ca2,se

CRr,se

CRr1,Se

Cr2,se

concentration of selenium In prepared sample of the Tirst and second absorber solutions
(ng/ml)

concentration of selenium in prepared sample of the third absorber solution (ng/ml)

concentration of selenium in prepared sample of rinse solution that washed transfer line
from the filter housing to the first impinger nozzle in main-stream sampling (ug/ml)

concentration of selenium in prepared sample of rinse solution that washed transfer line
from the filter housing to the T-piece in side-stream sampling (pg/ml)

concentration of selenium in prepared sample of rinse solution that washed transfer line
after the T-piece to the first impinger nozzle in side-stream sampling (ug/ml)
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Cs,se

Patm

Pav

qm,Se
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concentration of selenium in prepared sample solution for particulate selenium analysis
(ng/ml)

density of reagent solution (g/ml)
atmospheric pressure (kPa)

average pressure difference between the sample gas before the gas meter and the atmos-
phere (kPa)

rate of mass discharge of selenium expressed as elemental selenium (mg/s)

qvfg,

Tay
u(y)
Va
Ve
V6,d
Vi

|4
Vm

Vmai 3

Vsd

Vside, il

VA1
VA2

VR

VR1

volume flow rate of flue gas through the sampling plane at conditions 7,0f ttmperature,
pressure, moisture and oxygen content (m3/s)

average temperature of the sample gas before the gas meter (K)
standard uncertainty (pg/ms3)

volume of dry flue gas sample normalized to STP (m3)

final gas meter reading at the end of sampling (m3)

volume of dry flue gas sample for gaseous selenium analysis normalized to S{'P (m3)
initial gas meter reading at the beginning éf.sampling (m3)
volume of air drawn through the gas meter during any intermediate leak tests (m3)
volume of dry flue gas sample (m3)

volume of dry flue gas samplédn’'main stream, normalized to STP, in side-stregm sampling
(m3)

volume of dry flue gas sample for particulate selenium analysis normalized tp STP (m3)

volume of dry flyé\gas sampled in side stream, normalized to STP, in side-stream sampling
(m3)

volume ofrecovered sample of the first and second absorber solutions (ml)
volume of recovered sample of the third absorber solution (ml)

volume of recovered sample of rinse solution that washed transfer line frgm the filter
housing to the first impinger nozzle in main-stream sampling (ml)

volume of recovered sample of rinse solution that washed transfer line frgm the filter

VR2

Vs
ww
Yij

Y2,j

1 3 I | T 3 o g | 4+ 1 Liaa ]
HHUUSTTS tU LT ITPICTLT I STUTTSLT TAIL SAllIpPIITg (111T)

volume of recovered sample of rinse solution that washed transfer line after the T-piece to
the first impinger nozzle in side-stream sampling (ml)

volume of prepared sample solution for particulate selenium analysis (ml)
average moisture content of the flue gas at the sampling plane during the sampling period (%)
j th concentration value of the first measuring system (ug/m3)

j th concentration value of the second measuring system (pg/m3)
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PG,Se,dry

PS,Se,dry

PSe,dry

PSe,dry,0

PSe,i

PSe,wet

PSe,wet,0

?0,d

(pO,ref

4.2 Abbr
AAS

AFS

GFAAS

HG

[CP-MS
ICP-OES
FEP

PFA

PTFE

mass concentration of gaseous selenium expressed as elemental selenium in the flu
on a dry basis at STP (ug/m3)

e gas

mass concentration of particulate selenium expressed as elemental selenium in the flue

gas on a dry basis at STP (pg/m3)

mass concentration of total selenium expressed as elemental selenium in the flue gas on

a dry basis at STP (ug/m3)

mass concentration of selenium expressed as elemental selenium in the flue gas on a dry

basis at STP and reference oxygen concentration (pug/m3)

mass concentration of selenium expressed as elemental selenium at conditions of]
perature, pressure, oxygen and moisture conditions (pug/m3)

mass concentration of selenium expressed as elemental selenium in the flue gas on
basis at STP (ug/m3)

mass concentration of selenium expressed as elemental selenium injthe flue gas on
basis at STP and reference oxygen concentration (pug/ma3)

volume fraction of the oxygen on a dry basis measured during the sampling (%)

volume fraction of the reference oxygen for the process (%)

pviated terms

atomic absorption spectrometry

atomic fluorescence spectrometry:

graphite furnace atomic absorption spectrometry

hydride generation

inductively coupled, plasma mass spectrometry
inductively coupled plasma optical emission spectrometry
hexafluoroethene propene, perfluoro(ethane-propene)
perfluoroalkoxy

polytetrafluoroethylene

tem-

h wet

h wet

5 Principle

Selenium compounds generally exist both in vapour phase and in solid phase in a flue gas. Particulate
and gaseous selenium compounds are captured by a filter and an absorber solution, respectively. The
concentration of selenium in a flue gas is expressed as the sum of both concentrations.

To determine particulate selenium contents in a flue gas, a stack sample gas is taken isokinetically and
particles are collected on a filter in accordance with ISO 9096 or 1SO 12141.

To determine gaseous selenium content in a flue gas, a stack sample gas is taken through a filter. Gaseous
selenium compounds that pass through the filter are collected in an absorber solution. Since some
of gaseous selenium compounds, mostly SeOy, are adsorbed and in some cases reduced to elemental
selenium on the inner surface of a sampling system in the presence of steam and SO3, the sampling

4
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system components such as the filter housing, heated transfer line and impinger nozzle is rinsed by an
oxidation solution to recover the stuck selenium.

If the flow rates and the total sampling volumes for the measurements of particulate and gaseous
selenium are the same, particulate and gaseous sampling shall be performed simultaneously with an
isokinetic sampling procedure.

Each sample is prepared to be analysed by either ICP-OES, ICP-MS or GFAAS. HG-AAS, HG-AFS, HG-ICP-
OES or HG-ICP-MS may be used if greater analytical sensitivity is required to determine the selenium
concentration.

6 Reagents

6.1 | General. To carry out the method, the following reagents are required tg ‘b€ of g recognized
analytical grade.

6.2 | Water, complying with grade 1 s specified in ISO 3696 for all sample-préparation and|dilutions.

6.3 | Nitric acid, d(HNO3) = 1,4 g/ml.

NOTH Nitric acid is available both as d(HNO3) = 1,40 g/ml [w(HNOs) = 650 g/kg] and d(HNO4) = 1,42 g/ml
[W(HNO3) = 690 g/kg].

6.4 | Hydrogen peroxide, w(H2032) = 30 %.
6.5 | Sulfuric acid, d(H2504) = 1,84 g/ml.
6.6 | Potassium permanganate, KMnO4.

6.7 | Selenium stock solution, cemplying with selenium standard solutions as s$pecified in
ISO/I'S 17379-1 and ISO/TS 17379-2:

6.8 | Absorber solution, mixture of 0,7 mol/l HNO3 solution and 3 mol/1 H20> solution.

Add ¢arefully 50 ml of conicentrated HNO3 (6.3) to a 1 000 ml volumetric flask containing approximately
500 ml of water, and ther add 333 ml of 30 % H207 (6.4) carefully. Add water with stirrirng to make a
volume of 1 000 ml

6.9 | Rinse soliition, mixture of 0,06 mol/l KMnO4 solution and 1,8 mol/l H2SO4 solution.

Add ¢areftily with stirring 100 ml of concentrated H2SO4 (6.5) to a 1 000 ml volumetric flask containing
apprpximately 500 ml of water, and then add 10 g of KMnOy4 (6.6) carefully with stirring. Add water

Alea ool AF1 NNN a1

Wlth e ring +0 a
A2 YWY llls CUTITJNRC d VUIUILIIU UL 1 UUVU TIIII.

6.10 Sample gas drying agent, self-indicating coarse grade silica gel.
6.11 Hydrofluoric acid, w(HF) = 40 %.

6.12 Hydrochloric acid solution, ¢(HCI) = 6 mol/1.

Add carefully with stirring 250 ml of concentrated HCI [d(HCI) = 1,19 g/ml] to a 500 ml volumetric flask
containing approximately 150 ml of water. Add water with stirring to make a volume of 500 ml.

© IS0 2015 - All rights reserved 5
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7 Apparatus

7.1 General.

Two types of absorber systems, a main-stream and a side-stream arrangement, can be employed.
Schematics of both systems are given in Figure 1. In the main-stream system all the sampled flue gas is
passed though the absorber solutions, while in the side-stream arrangement only a part of the sampled
flue gas is passed through the absorber solutions. The main-stream sampling is used if the flow rate
and total sampling volume for the measurements of gaseous and particulate selenium are the same.
The side-stream sampling is used if the flow rate or total sampling volume for the measurements of

gaseous an

particulate selenium is different

If the repr¢
separately y
with ISO 23
respectively

selenium co
is collected

210:2009, Annex G. Two sampling nozzles, for particulate selenium and gaséaqus sele

by the filter isokinetically. Gaseous selenium sample is captured iman absorber sol

either isokinetically or anisokinetically after particles are removed.

The apparaf

if required,

a suction py

and manom

metered gaq

the volume

11
10

, are placed at neighbouring points in which the physicochemical parameters suc
hcentration and gas flow rate are considered to be equivalent. Particulate selenium sa

us consists of a sampling probe including a nozzle and filter a§sembly that may be he
hn impinger train containing absorber solution to capture gaseous selenium, a manonpeter,
mp, a gas meter, and a sample gas volume flow rate measurement system. A thermon
bter shall be included in the sampling train to measurethe temperature and pressure
. A barometer shall be used to measure atmospheriepressure during the test in ordef
fthe gas sampled can be normalized to the standafd condition of 273,15 Kand 101,325

sentative sampling is allowed, particulate selenium and gaseous selenium arge sanllpled
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a) Main-stream sampling
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Key

1 nozzle 9
2 ilter and filter housing 10
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5 NO3/H20; impingers 13
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7 rying tube or silica gel 15
8 ump

7.2 | Nozzle. The diameter shall be chosen to be compatible with the required gas samp

b) Side-streamrsampling

gas meter

thermometer and manometer
rotameter

impinger nozzle

cooler bath

main stream

side stream

Figure 1 — Schematic diagram of a sampling train

flow [raté.The choice of the nozzle shall be in accordance with ISO 9096 or ISO 12141.

=

ling volume

The nozzle shall be capable of withstanding the temperature in the duct. It shall be resistant to chemical
attack from various pollutants in the duct. Suitable materials for selenium sampling are silica glass,

PTFE and titanium.

The nozzle shall be cleaned thoroughly before each sample run by rinsing with distilled water. The

rinse shall be repeated until the rinse water shows no evidence of particulate matter.

7.3 Filter and filter housing. The silica fibre filter is placed in the duct between the nozzle and the
transfer line (in-stack filtration). Silica fibre filters without binders are recommended. The filter holder
shall have an airtight seal against leakage. If the flue gas temperature is below the dew point or the filter
housing cannot be inserted in the duct, the filter housing shall be placed outside the duct (out-stack

filtration) in accordance with ISO 9096 or ISO 12141.

© ISO 2015 - All rights reserved
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NOTE If the out-stack filtration is employed, separation between particulate and gaseous selenium is
difficult and only total selenium can be determined.

The filter shall be capable of withstanding prolonged exposures up to 40 K above the sampling
temperature to prevent a change in filter quality. The filter efficiency shall be better than 99,5 % on a
test aerosol with a mean particle diameter of 0,3 pm at the maximum flow rate anticipated.

The filter housing shall be cleaned thoroughly using the rinse solution (6.9), 0,1 mol/1 HNO3 and distilled
water, and dried before sampling.

The filter shall be dried, equilibrated and weighed in accordance with ISO 9096 or ISO 12141.

7.4 Trandfer line. It shall be resistant to chemical attack from various pollutants in samptd gas.
Suitable materials for gaseous selenium sampling are silica glass and PTFE.

The transfer line shall be cleaned thoroughly using rinse solution (6.9), 0,1 mol/l HNQ3"ahd distilled
water, and dried before sampling.

The transfef line shall have a heating system capable of maintaining a gas tempexature at its exit|of at
least 423 K ¢r > 20 K above the dew point temperature, whichever is higher.

7.5 Impinger. The sampling train consists of a series of five impingers. For an efficient absorptipn of
gaseous selgnium, three impingers shall be placed in series. The impingers can be made of silica glass,
borosilicate|glass or PTFE.

The first thijee impingers shall contain the absorber solution.
The fourth impinger shall be left empty to catch any carryover of the absorber solution.

The fifth impinger shall be used as a drying unit. It shalV’be filled with silica gel to dry the sample gas
prior to the jsuction unit, gas meter and rotameter, Pxior to use, all of the impingers shall be rinsed and
cleaned with the rinse solution (6.9), 0,1 mol/1 HNOz and distilled water in this order and shall be dried
thoroughly.

The geometfy of the impingers and quantity of absorber solution shall be such that a gaseous selepium
absorption gfficiency of not less than 90% is achieved at the chosen sampling flow rate and in the
concentratign range examined.

If the seleniim mass concentration’of the third impinger is more than 10 % of the total concentration in
the sampled gas then the overallresult shall be rejected.

For high abjsorption efficiency it is advisable to distribute the gas stream in the absorber solfition
as homogeneously as fiessible and have reasonably long contact time between gas and solution| The
absorber sglution should not be carried over to the next impinger by the gas stream. In praftice,
sufficient friee space will also break down any foam which can be formed while the gas is bubpling
through the|solution.

NOTE If the side-stream sampling is employed or particulate selenium and gaseous selenium are sampled
separately, the convenient size for impingers is 250 ml and the optimum volume of absorber solution is 100 ml.

7.6 Suction unit. The pump is used to extract the sample through the sampling train. It shall be an
airtight pump capable of maintaining the selected sampling flow rate throughout the sampling period
and shall be adjusted using a flow regulator.

7.7 Thermometer. It shall be fitted into the sampling train between the drying unit and the gas meter.
The thermometer shall be capable of measuring absolute temperature to within 1 % of the absolute
temperature.

8 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=81f7098626506bd3ba65b0771cf79520

ISO 17211:2015(E)

7.8 Manometer. It shall be used to measure the difference in pressure between the gas entering the
gas meter and atmosphere. It shall be capable of measuring pressure difference to within 1 % of the
differential pressure.

7.9 Gas meter. The volume of the dried sample gas shall be measured using a calibrated gas meter.
The gas meter shall be accurate within 2 % at the volume determined from the sampling system flow

rate.

7.10

Rotameter. It shall be capable of measuring the flow rate to within + 10 % of the flow.

7.11
with

N

8

8.1

Barometer. It shall be used to measure the local atmospheric pressure in kilopasd
n 1 % of the absolute pressure.

bampling

General

Sampling for particulate selenium is performed isokinetically and sampling for gaseous

perfy
flow
diffe
samyj

rmed either isokinetically or anisokinetically. If the representative sampling is alloy
rates or the total sampling volumes for the measurement-ef.gaseous and particulate
Fent, particle selenium and gaseous selenium are sampled séparately by using either a
ling system or two main-stream sampling systems.

A safe working platform shall be provided at the sampling position so that all the samplin

be re

8.2

ached with safety in accordance with ISO 10396

Sampling position and sampling point

Samjpling is carried out at a location which-meets the requirements of ISO 9096 or ISO 1214

shall
the d
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samy

8.3
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that
samyj
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be conducted at a suitable access:port through which the sampling probe can be
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g points can
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fed, sampling of gaseous seleftium shall be performed at a point adjacent to the seleniung particulate

ling point.

Minimum sampling duration and minimum sample volume

minimum samplifig period and the number of samples taken depend on the nature of]
is producing’the emissions. If emissions from a cyclical process are to be measure
ling periodsshall cover at least one cycle of the process operation.

minimum sampling duration also needs to take into account the detection limit of th
od\f'the process is operated under a steady-state condition, the minimum sampli

the process
bd, the total

e analytical
hg time and

voluine_¢an be calculated prior to sampling by using the expected emitted concentration.

8.4

Other measurements to be made prior to sampling

8.4.1 Volumetric gas flow through duct at the sampling plane

The measurement of the volumetric gas flow at the sampling plane is necessary if the results are to be
reported in terms of mass of pollutant emitted per unit time. The measurements shall be carried out in
accordance with ISO 16911-1.

8.4.2 Moisture content of gas

The moisture content of flue gas is necessary to calculate the selenium concentration on wet basis and
the isokinetical flow rate.
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8.4.3 Oxygen content of gas

If the results are to be reported after correction to a particular oxygen concentration, measurement of

the flue gas

oxygen concentration is necessary during the sampling period.

8.5 Assembly of sampling apparatus

Assemble the sampling equipment as illustrated in Figure 1. Allow the sampling system equipment to
reach operating temperature then check the system for leaks as described in 8.7.

8.6 Samy

Carefully in
parts of the

Record the

facing upstr
order to obt
on and that
flow rate sh
train but ng
sampling flg
ambient pre

At the end
switched of

NOTE If
separately, a
vigorous bub
sampling of t

8.7 Checking for leaks

A pre-sampl
the post-saf
The leakagd
scale after ¢
rate. During
arelevantg
detectable d
located out

8.8 (Quality assurance

ling
(=]

duct. Seal the opening of the access port to minimize air ingress.

ime and the current gas meter reading. Turn the sampling probe until the entry noz
ecam within + 10°, open the shut-off valve, start the suction device and adjust'the flow r4
hin isokinetic sampling. When moving points, it is required that the pump remains swit
the isokinetic flow rate is immediately checked and adjusted if necéssary. The sam
b1l be sufficient to allow vigorous bubbling within the first three impingers of the sam
t so vigorous that the solution is carried over into the fourth €mpty impinger. A con
w rate shall be maintained within the range described in~8.8. Metered temperaturg
ssure should be recorded periodically.

bf the sampling period, the suction control valve shall be closed and the sampling {
. The gas meter shall be read. A leak test of the equipment should then be carried out.

the side-stream sampling is employed or particulate selenium and gaseous selenium are sar
sampling flow rate for gaseous selenium betweéty 0,5 1/min and 3,0 I/min can be sufficient to
bling. If the sampling durations of gaseous and' particulate selenium are significantly differen
he shorter duration can be repeated duringthe longer sampling duration.

e leak check should be carried out at the maximum vacuum expected during sampling

flow rate, determine by pressure variation or a calibrated rotameter with approp
bvacuation of the train at the maximum vacuum, shall be below 2 % of the normal
sampling, a leak: chéck can be monitored by measuring continuously the concentrati
hs component {CO2, 07, etc.) directly in the duct and downstream of the sampling train
ifference between those concentrations indicates a leak in the sampling equipment |
bf the staek¥This leak shall then be investigated and rectified.

sert the probe into the duct with the nozzle facing downstream, avoiding contact with any

vle is
ite in
ched
pling
pling
stant
and

ump

npled
allow
t, the

r and

hple leak check should be carried out at the maximum vacuum reached during sampling.

riate
flow
on of
; any
barts

Prior to sa

pling, TeCOrd the TIMme and the CUrrent gas meter reading. DUring sampling, the f[Iow rate of

the sample gas shall be recorded periodically, together with the temperature and pressure at the gas
meter to allow the calculation of the average temperature and pressure during the sampling period.

During sampling, operators shall periodically check and correct the following:

-5%to

the silic

10

the flow rate for gas sampling has not drifted by more than * 10 % of the chosen flow rate,

+15 % under the condition of ISO 12141 of the isokinetic sampling rate, and

a gel has not been exhausted.

the flow rate for particulate sampling has been within * 10 % under the condition of ISO 9096 or
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If the colour of the silica gel indicates that it is nearly exhausted, then the pump shall be switched off
and the sampler withdrawn from the duct to be leak tested before a new bottle of silica gel is fitted into
the system.

If any of the components are replaced, then the leak test shall be performed again.

The leak rate measured during any leak test shall not be greater than 2 % of the nominal flow rate.

Otherwise the result is invalid.

8.9 Sample recovery

8.9.1 Sample recovery for gaseous selenium

The gelenium contained in the impingers shall be carefully recovered as soon as possible after sampling.
With[draw the probe from the duct and allow it to cool so that it can be handled-

The fontents of the first and second impingers shall be quantitatively transferred into 4 volumetric
flaskl of an appropriate volume. Each impinger shall be rinsed with approximately 20 ml|of 0,7 mol/]
HNOg/3 mol/l H207, and these washings shall be added to the volumetricflask. Add water to a constant
volume and record the volume of the solution in the volumetric flask. For an efficient absorption of

gasepus selenium, the third impinger solution is recovered usingé{he same operation and is
in anjother volumetric flask. Add water to a constant volume-and record the volume of th
the volumetric flask.

After recovery of the particulate matter according to 8.9.2, rinse nozzle, filter housing, t
and the first impinger nozzle with approximately 10:nl of the rinse solution (6.9). Repeat
for three times. Then, transfer all the rinse solutiens into a volumetric flask. Add water t

volu

The
cont
to th

Ifas
to th
rinse
of th
cont

8.9.2

Care
hand
surg

e and record the volume of the solution in.the volumetric flask.

‘ecovered absorber and the rinse solutien shall be kept in each sample container. Sea
hiners and clearly label with the dateg\and a unique identifier to enable the sample to be]
P measurement.

de-stream sampling is employed, the parts from nozzle to T-piece and the transfer line
e first impinger nozzle shall\be rinsed with the rinse solution (6.9) separately. Then t

solution in different volumetric flasks and add water to a constant volume. Record
e solution in each volumetric flask. The recovered rinse solutions shall be kept in
hiner.

Sample recovery for particulate selenium

Fully remiove the filter from the filter housing and place it in its labelled Petri dish g
le the.filter, use either acid-washed polypropylene or PTFE coated tweezers or clean
cal"gloves rinsed with water and dried. If it is necessary to fold the filter, make

transferred
b solution in

ransfer line
this process
b a constant

| the sample
traced back

'rom T-piece
ransfer each
the volume
bach sample

ontainer. To
, disposable
certain the

particulate cake is inside the fold. Carefully transfer the filter, any particulate matter ups

ream of the

filter and filter fibres that adhere to the filter holder gasket to the Petri dish according to ISO 9096 or
ISO 12141.

8.10 Field blank

An equipment field blank shall be taken at each site at which measurements are carried out by
performing all of the steps of the sampling gas procedure, but without drawing exhaust gas through the
sampling equipment. The resulting solution shall be treated, labelled and handled in the same manner
as the test solutions. The results for the field blank shall be reported along with the samples from that
site.
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9 Sample preparation

9.1 General

The methods given for particulate selenium analysis are valid for plane filters of approximately 100 mg
per filter, and a maximum of 10 mg of particulate matter collected on the filter. If the actual figures
differ significantly from these values, the amounts of HNO3 and HF solutions described in 9.2.2 and

9.3.2 respec

tively shall be changed proportionally.

9.2 Sample preparation for analysis with hydride generation

9.2.1 San

Transfer 25
H»S04 and 7
evolved and

Add 20 ml o
volumetric f

9.2.2 Sanj

Desiccate tH
then weigh {

Place the de|
2 ml of conc
at 383 K for

Transfer thg
to evaporatg
1h.

Filter the s
volume for
sample.

NOTE 9.]
ISO/TS 1737

9.3 Samyp

9.3.1 San

Recovered

Iple preparation for gaseous selenium analysis

ml of the recovered samples described in 8.9.1 into a 100 ml beaker. Add 1 ml of.concent
ml of concentrated HNO3. Heat the solution on a hot plate until white fumes of H2SO
cool the solution.

f 6 mol/1 HCI and heat the solution at about 363 K for 1 h. Transfer the)solution into a 4
lask and add water to make a volume of 25 ml.

Iple preparation for particulate selenium analysis

e filter and filter catch without heating (do not heat the-filters to speed the drying)
he desiccated sample.

siccated sample in a closed pressurized fluoroplastic vessel made of PTFE, PFA or FEP
entrated HNO3 and 3 ml of concentrated HF tothe vessel. Heat the closed pressurized v
1h.

digested solution into a fluoroplastic beaker and heat the solution to dryness on a hot
e hydrofluoric acid. Then, add 20 m}-of-6 mol/1 HCI and heat the solution at about 363

lution using an acid-resistant filter paper (0,45 pm). Dilute to 25 ml (or the approp
the expected selenium caongentration) with water. Measure and record the volume g

.1 and 9.2.2 are .jmportant procedure for hydride generation (HG) technique (referen
-1 and ISO/TS 17879-2).

le preparation for analysis without hydride generation

Iple preparation for gaseous selenium analysis

rated
L are

5ml

and

Add
essel

plate
K for

riate
f the

ce to

mp]pq describedin 89 1 are used as the nn;ﬂyfir‘nl cnmplp

9.3.2 Sample preparation for particulate selenium analysis

Desiccate the filter and filter catch without heating (do not heat the filters to speed the drying) and
then weigh the desiccated sample.

Place the desiccated sample in a closed pressurized fluoroplastic vessel made of PTFE, PFA or FEP. Add
2 ml of concentrated HNO3 and 3 ml of concentrated HF to the vessel. Heat the closed pressurized vessel
at 383 Kfor 1 h.

Filter the solution using an acid-resistant filter paper (0,45 pm). Dilute to 25 ml (or the appropriate
volume for the expected selenium concentration) with water. Record the volume of the sample.
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When preparing and analysing samples containing hydrofluoric acid, glassware shall not be used for
filtering apparatus, volumetric flask and ICP torch. An alumina torch should be used.

10 Analytical procedure

The standard method for the determination of selenium in the sample is ICP-OES, ICP-MS or GFAAS.
HG-AAS, HG-AFS, HG-ICP-OES or HG-ICP-MS may be used if greater analytical sensitivity is required
to determine the selenium concentration. The details of HG technique and measurement setup are
given in [SO/TS 17379-1 or ISO/TS 17379-2. The method appropriate to the level of detection desired in
reference to Clause 12 shall be selected.

— Inductively coupled plasma optical emission spectrometry

Analyse the selenium concentration in the samples in accordance with ISO 11885.
— Inductively coupled plasma mass spectrometry

Analyse the selenium concentration in the samples in accordance with ISQ_ 17294 (all parts).
— (Graphite furnace atomic absorption spectrometry

Analjse the selenium concentration in the samples in accordance/with [SO 15586.

— Hydride generation atomic absorption spectrometry

Analyse the selenium concentration in the samples in accerxdance with ISO/TS 17379-2.
— Hydride generation atomic fluoresce spectromett'y

Analyse the selenium concentration in the sampl€s in accordance with ISO/TS 17379-1.

11 Expression of results

11.1] Calculation of the volume of dry flue gas sampled at sampling conditions, |/},

The Volume of dry flue gas sample (V) is calculated by subtracting the initial gas meter [reading (V;)
from| the final gas meter reading (V) correcting for any air drawn through the gas meter|during leak
checks (V1) when equipment is replaced, or if carried out between sampling. The gas volume measured
is on|a dry basis.

Um=Vi-Vi- Wi (1)

where

Vif-is the volume of dry flue gas sample (m3);

Vr is the final gas meter reading at the end of sampling (m3);
Vi isthe initial gas meter reading at the beginning of sampling (m3);

V1 is the volume of air drawn through the gas meter during any intermediate leak tests (m3).
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11.2 Calculation of the volume of dry flue gas sample normalized to standard
temperature and pressure, Vg

Calculate the volume of dry flue gas sample normalized to standard temperature and pressure, Vg,
using Formula (2).

(patm T pav) x 273,15

Vy=V_x 2
d = 'm T, x101,325 )
av
where
Vq  igthe volume of dry flue gas sample normalized to STP (m3);

4 the volume of dry flue gas sample (m3);

—n

Vm
Datm 19 the atmospheric pressure (kPa);

pav  if the average pressure difference between the sample gas before the'gas meter angdl the
atmosphere (kPa);

Toy  idthe average temperature of the sample gas before the gas meter(K).
11.3 Mass|concentration of selenium expressed as elemental selenium in the flue gag on
a dry basig at STP, pse dry

The mass cqncentration of total selenium is calculated as the.§um of gaseous and particulate selepnium
concentratigns.

Pse.dry T PG.Se,dry T Ps Se,dry (3)
For the maip-stream arrangement,
) _ Chrrse XVa1 T Cpzse XVaz TlRse X VR “@
G, Se,dry Vs

14 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=81f7098626506bd3ba65b0771cf79520

pS,Se,dry =

where

PSe,dry

PG,Se,dry

ISO 17211:2015(E)

C X Vg

S,Se

VS,d

(5)

is the mass concentration of total selenium expressed as elemental selenium in the flue

gas on a dry basis at STP (ug/m3);

is the mass concentration of gaseous selenium expressed as elemental seleniu
gas on a dry basis at STP (ug/m3);

m in the flue

MS,Se,dry

€a1,se

Qa2 se

4R se

€'s,se

YA2

Ve

Vsa

For the side-stream arrangement,

-~

G,Se,dry

is the mass concentration of particulate selenium expressed as elemental sel
flue gas on a dry basis at STP (ug/m3);

is the concentration of selenium in prepared sample of the first and seco
solutions (pg/ml);

is the concentration of selenium in prepared sample of the third absorber solut

is the concentration of selenium in prepared sample of rinSe solution that w
fer line from the filter housing to the first impinger nozzle in main-stream s3
9.2.1 or 9.3.1) (ug/ml);

is the concentration of selenium in prepared sample solution for particulg
analysis (see 9.2.2 or 9.3.2) (pg/ml);

is the volume of recovered sample of thefirst and second absorber solutions (sg
is the volume of recovered sampleZof the third absorber solution (see 8.9.1) (|

is the volume of recovered sample of rinse solution that washed transfer li
filter housing to the first impinger nozzle in main-stream sampling (see 8.9.

is the volume of prepared sample solution for particulate selenium analysis
9.3.2) (ml);

is the volume of dry flue gas sample for gaseous selenium analysis, normalized

is the voluane of dry flue gas sample for particulate selenium analysis, normg
(m3).

Curse ¥ Va1 T Cazse XVaz T Croge X Vi N Crise X VR1

Vside,d Vmain,d + Vside,d

bnium in the

hd absorber

ion (pg/ml);
hshed trans-
impling (see

te selenium

e 8.9.1) (ml);
ml);

ne from the

) (ml);
(see 9.2.2 or

to STP (m3);

lized to STP

(6)
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pS,Se,dry =

where

Ca1,se

Ca2,se

CRr1,Se

2015(E)

CS,Se XV

> > (7)
main,d + side,d

is the concentration of selenium in prepared sample of the first and second absorber
solutions (pg/ml);

is the concentration of selenium in prepared sample of the third absorber solution (ng/ml);

is the concentration of selenium in prepared sample of rinse solution that washed transfer

Cr2,se

Cs,se

VA1
VA2

VR1

VR2

Vs
Vmain,d

Vside,d

11.4 Mass
a dry basiy

Calculate ps

pSe,dry,O

where

line from the filter housing to the T-piece in side-stream sampling (pg/ml);

is the concentration of selenium in prepared sample of rinse solution that washed'trapsfer
line after the T-piece to the first impinger nozzle in side-stream sampling (ug/ml);

is the concentration of selenium in prepared sample solution for particulate selenium
analysis (pg/ml);

is the volume of recovered sample of the first and second absorbér-solutions (see 8.9.1)(ml);
is the volume of recovered sample of the third absorber s¢lution (see 8.9.1)(ml);

is the volume of recovered sample of rinse solution that washed transfer line from the
filter housing to the T-piece (ml);

is the volume of recovered sample of rinse sehition that washed transfer line after the
T- piece to the first impinger nozzle (ml);

is the volume of prepared sample solution for particulate selenium analysis (ml);
is the volume of dry flue gas sample in the main stream, normalized to STP (m3);

is the volume of dry flue gas sample in the side stream, normalized to STP (m3).

concentration of seleninim expressed as elemental selenium in the flue gag on
at STP and reference-oxygen volume fraction, pse dry,0

£ dry,0 using Formula/(8):

_ 29 — Po,ref o

- pSe,dry X _ (8)
20,9 - 944

PSe,dry,

Po,ref

?0,d

16

icthaomacc caoncantratian afcaloninm avinroaccad ac olomantal coloninm in thao fliio g)s on

ot oo o C o e It o e O O o S et CX P e oo E oo S S St S SrE e i e S et e

a dry basis at STP and reference oxygen concentration (pg/ms3);

is the volume fraction of the reference oxygen (%);

is the volume fraction of the average oxygen on a dry basis measured during the sampling
(%).
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11.5 Rate of mass discharge of selenium expressed as elemental selenium, g, se

The rate of discharge can be determined by finding the product of the concentration of selenium at
reference conditions in micrograms per cubic meter by the average flow rate in the duct at reference

9

conditions.
_ Psei %y g
m,Se 1 000

where

qm,Se is the rate of mass discharge of selenium expressed as elemental selenium (mg/s);

MSe,i is the mass concentration of selenium expressed as elemental selenium at conditions i of

temperature, pressure, oxygen and moisture conditions (pg/ms3);
qvfgi  isthevolume flow rate of flue gas through the sampling plane at conditions i of temperature,

pressure, moisture and oxygen content (m3/s).

11.4 Mass concentration of selenium expressed as elemental selenium in the flue gas on
a wat basis at STP, pse wet

Calcylate pse wet using Formula (10):

100 -
Asewet = Psedry < % (10)
whertte
fsewet 1S the mass concentration of selenium expressed as elemental selenium in th¢ flue gas on
a wet basis at STP (ug/m3);
ww is the average moisture-content of the flue gas at the sampling plane during the sampling

period (%).

11.7 Mass concentration-ef selenium expressed as elemental selenium in the flue gas on
a wet basis at STP and reference oxygen concentration, pse wet,0

Calcylate pse wet,0 WSing Formula (11):

(11)

flue gasona

, Qb o 20,9 = Qg ref
Se,wet, @~ F Se,wet
C,W¢ e,we 20’ 9 _ QDO'd
where
Psewet,0 1S the mass concentration of selenium expressed as elemental selenium in the
wet basis at STP and reference oxygen concentration (ug/m3);
pPsewet 1S the mass concentration of selenium expressed as elemental selenium in the flue gas on
a wet basis at STP (ng/m3);
0 is the volume fraction of the reference oxygen (%);
O,ref
0 is the volume fraction of the average oxygen on a dry basis measured during the sampling (%).
0d
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12 Performance characteristics

12.1 Detection limits

The detection limit depends on a sampling gas volume and an analysis method. The typical detection
limits for gaseous selenium compounds and particulate selenium compounds are shown in Table 1 and

Table 2, respectively.

Table 1 — Typical value of detection limit for gaseous selenium compounds

Detection limit (lrlgllm3) Analytical method
47 ICP-OES
1,2 [CP-MS
2,3 HG-ICP-OES
0,3 HG-ICP-MS
47 GFAAS
1,5 HG-AAS
0,1 HG-AFS
igr(;lpl?ng volume of 0,12 m3; based on a flow rate of 1,2 I/min fof a‘sampling period of
min.

Table 2 — Typical value of detection limit for particulate selenium compounds

Detection limit (pg/m3) Analytical method
0,25 ICP-OES
0,006 ICP-MS
0,012 HG-ICP-OES
0,001 2 HG-ICP-MS
0,25 GFAAS
0,007 HG-AAS
0,000.5 HG-AFS

Sampling volume of.2;0)m3; based on a flow rate of 20 I/min for a sampling period of 100 min.

12.2 Evaluation of measurement uncertainty

Calculate tHe measurement uncertainty in accordance with ISO 20988 or ISO/IEC Guide 98-3| (see

Annex A).

13 Test report

The test report shall refer to this International Standard and shall include at least the following

information:

a) identification of the sampling site, including:

— the date,

— time and duration of sampling,

— the sampling and analytical personnel;

b) description of the plant or process operation conditions, including:

18
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any variation to the process that occurred during sampling,
the load on the plant during monitoring,

the maximum loading conditions of the plant;

identification of the sampling location, including:

duct dimensions,

sampling position,

mulll‘UCl dlld lJUDitiUll Uf Ddlllp}ills lJUill‘l:D,

flue gas characteristics at the sampling location, including:
flue gas velocity,

flue gas static pressure,

femperature and oxygen profiles,

flue gas water vapour content;

measurement procedure:

yhether sampling was carried out isokinetically, at sampling points according to |
ISO 12141 with justification or at a single point with justification,

entry nozzle diameter,

location of filter,

filtration temperature,

dluration of each sample;

lest results:

gampled flue gas volume-atsampling conditions,

jverage sample gasflew rate, any special circumstances or incidents,
the volume of satnple submitted for analysis,

the concentration of selenium in the sample measured in the laboratory,

the corrected concentration at standard conditions;

c|1uality assurance:

leak test result,

equipment field blank,

information on measurement uncertainty,

absorption efficiency;

comments:

any special circumstances that may have influenced the results,

report of any modification to the method.
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