INTERNATIONAL

ISO

STANDARD 6978-2

First edition
2003-10-15

Natural gas — Determination of
mercury —

Part 2:
Sampling of mercury by amalgama
gold/platinum alioy

Gaz naturel — Détefmination de la teneur en mercure —

Partie 2: Echantillohnage du mercure par amalgamation su
or/platine

tion on

alliage

e — Reference number
= N— ISO 6978-2:2003(E)

©1S0 2003


https://standardsiso.com/api/?name=f1eae3302c8d2777dc2805d2d96f3cd6

ISO 6978-2:2003(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2003

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © 1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=f1eae3302c8d2777dc2805d2d96f3cd6

ISO 6978-2:2003(E)

Contents Page
0T =NV o iv
L e Yo 11T o2 oY o v
1 £ ) o - PP 1
2 NOrMative referenCes ..... ..o e e e e s mn e e e e e e png e eer e e e e s smnenenan 1
3 Terms and definitioNs ........occoceiiicece e e el b e e 1
4 PriNCIPI@ ... e pag e pn e nm | 1
5 o o - - 1 -~ S, SRR IR 2
6 Reagents and materialS ... ST s ssssnsns | srnsmnnnnnnsnnnnn 8
7 Preparation of sampling and analytical tubes ..........cccociiiinnccceti G e 9
71 T LT3V . SRS STRPRRRIT SRR 9
7.2 L0 1= T ] ' PN N 9
7.3 Efficiency testing ......cccccivriiiiiici e S e e 9
8 R T 1] ] 11 T o SN N 9
8.1 L= 4 =T - . S Y R 9
8.2 Conditions for representative sampling.........c.. Qieccccceceiiiiiiicccccsecrrrr e ccssssees e s e sssss feeeee s e 10
8.3 Sampling procedure at atmospheric pressure(see Figure 1).....cccccercrerrrriiscsssnereenrenssssseeeeeennnnnns 10
8.4 Sampling procedure at high pressure (SEEFIQUIE 4)......covccerrerririscssmmrenrenssssssssssesessssssssssseeeeneennes 1
8.5 Removal of condensate from discarded-sampling tubes.........cccccciririccciirrrrnncccccccs e, 12
9 Mercury determination ...........ctefi ke e | e 12
9.1 Transfer of mercury to the analytical tube (double amalgamation) ..........ccccccceveveeriiicfoveennnnnnn. 12
9.2 Transfer of mercury to AAS orAFS instrument............ccoocviiiniinc e e, 13
9.3 Calibration..........c e e e 13
9.4 =] P2 101 (= S R 13
10 L0 1 o1 U] -1 o o Y R 13
1 o =T £ Lo o T R 16
12 L= = o Lo o RSN (R 16
(=1 01 (oo T ] 4 )7 2 S (S 17
© IS0 2003 — All rights reserved iii


https://standardsiso.com/api/?name=f1eae3302c8d2777dc2805d2d96f3cd6

ISO 6978-2:2003(E)

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
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Introduction

Natural gases may contain considerable amounts of mercury, which are generally present in the elemental
form. Gases with high mercury content have to be purified to avoid the condensation of mercury during
processing and transport as well as to be compliant with the demands of gas sales contracts. Low mercury
concentrations are specified when natural gas is to be liquefied. This is to avoid severe corrosion problems,
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b the presence of hydrocarbons, in particular aromatic hydrocarbons present in low(eoenc
st every natural gas, interferes in the determination of mercury by atomic absorption.'spectro
pmic fluorescence spectrometry (AFS), mercury cannot be determined directly in natural ga
to the analytical determination, mercury has to be collected and separated from\aromatic hyd
purpose of the determination of the mercury content can be

0 monitor gas quality,

0 monitor the operation of gas treatment plants for mercury removal.
ral methods for the collection or enrichment of mercury.from natural gas have been deV

h when sampling mercury from natural gases under nearly condensing conditions (see 1SO 64

two parts of ISO 6978 describe the principles-'of sampling and specify the general requ
ods for sampling mercury and for determining“total mercury in pipeline quality natural gas.

1 specifies a method of sampling mercury*by chemisorption on iodine-impregnated silica gel.

entrations in
metry (AAS)
5. Therefore,
rocarbons.

eloped. The

ction of mercury from dry natural gas normally poses ‘o’ particular problem. However, cafe should be

70).

irements for
This part of

5978 specifies a method of sampling mereury by amalgamation on gold/platinum alloy thread whereas
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Natural gas — Determination of mercury —

Part 2:
Sampling of mercury by amalgamation on gold/platinum alloy
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NING — The use of this part of ISO 6978 may involve hazardous materials, ope
ment. This part of ISO 6978 does not purport to address all of the safety problems,
its use. It is the responsibility of the user of this part of ISO 6978 to establish”approg

health practices and to determine the applicability or regulatory limitations prior to use.

Scope

part of ISO 6978 specifies a method for the determination ofdoetal mercury content of pip
al gas using a sampling method by amalgamation on gold/platinum (Au/Pt) alloy thread. Th
cable to the sampling of raw natural gas when no condensation is present. At atmospheric p
od is suitable for the determination of mercury content within the range of 0,01 ug/m3 to
al gas samples. At higher pressures (up to 8 MPa), this sampling method is suitable for the d
ercury contents within the range of 0,001 ug/m3 t0~1 ug/m3. The collected mercury is de
suring the absorbance or fluorescence of mercurywvapour at 253,7 nm.

E ISO 6978-1 gives a sampling method suitable for the determination of mercury contents in n
isorption on iodine-impregnated silica gel fof)the working range of 0,1 pg/m3 to 5000 pg/m3 fo
ures up to 40 MPa.

Normative references

following referenced documents are indispensable for the application of this documen
ences, only the edition) ‘cited applies. For undated references, the latest edition of theg
ment (including any‘amendments) applies.
10715, Naturalgas — Sampling guidelines
14532, Natural gas — Vocabulary

e to'the expression of uncertainty in measurement (GUM), BIPM, IEC, IFCC, ISO, IUPAC, IU

rations and
associated
riate safety

eline quality
is method is
ressure, this
00 ug/m3 in
etermination
termined by

atural gas by
sampling at

. For dated
referenced

PAP, OIML

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14532 apply.

4 Principle

Sampling is performed at a temperature at least 10 °C higher than the dewpoint of the gas sampled. The gas
is passed through two quartz glass sampling tubes in series containing fine gold/platinum alloy thread. The
mercury is collected on the gold/platinum alloy thread by amalgamation. Subsequently, each sampling tube is
separately heated to 700 °C to desorb the mercury from the amalgam. The released mercury is transferred by
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a stream of air onto an analytical tube filled with gold/platinum alloy thread (double amalgamation). This
second quartz glass tube is then heated to 800 °C and the mercury is transferred to an AAS or AFS for
measurement at 253,7 mm.

This sampling method is suitable for the determination of mercury content in natural gas in the range of
0,01 ug/m3 to 100 ug/m3 for sampling at atmospheric pressure and 0,001 pyg/m3 to 1 ug/m3 for sampling at
high pressure. To avoid diffusion of mercury from the surface into the gold/platinum alloy thread, which would
reduce the recovery of mercury under the specified transfer conditions, it is necessary to determine the
amount of collected mercury within one week after sampling.

Other sorption materials such as gold-impregnated silica with a high specific surface may be used instead of

fine gold/plaj
Unless othe

NOTE T
different conc
5 Apparn

The parame
uncertainty

pressure) directly contributes to the uncertainty of the determined mércury content of the gas. Ther
suitable measuring equipment, calibrated against a commonly accepted reference, shall be used to min
the uncertainty of the volume measurement to less than 1 %.

5.1
511
5111
51.1.2
5113
51.1.4
halves with
sampling tuk

necessary) 4

51.1.5

one for

Samplling apparatus (see Figure 1).

Apparatus for sampling at atmospheric pressure, typically comprising the following:

wise specified, gas volumes are expressed in cubic metres (m3) at 273,15 K and 1 013(25"hH
ne comparability of the two sampling techniques has been demonstrated by interlaboratory tests 4
entration levels.
atus

ters influencing the measurement shall be traceable to national or-International Standards
f the volume measurement (volume, temperature and pressurée\of the gas as well as ambie

Heated bypass valve.

Heated flow control valve (needle.type).
Three-way valve, for the second bypass.
Aluminium block, capable of being heated to < 100 °C (see Figure 2) and dividable intg
a central bore coatéd, with a layer (about 2 mm) of silicon rubber for keeping the quartz
es filled with gold/platinum alloy thread (see Figure 3) during sampling at elevated temperatu
nd equipped with)a temperature gauge (not shown in Figure 1).

Flow meters (three):

Flowrates < 50 I/min;

o attoy thread; providedthey showequivatent method-performance i the matarat-gas mmatrix.

a.

t two

The
nt air
fore
mize

two
glass
re (if

5.1.1.6
bypass flow

a)
b)

51.1.7

two for flowrates < 5 I/min.

Gas meter, suitable for measuring flowrates of < 5 I/min, capable of allowing adjustment of the

and the volume measurement and equipped with the following:

pressure gauge;

temperature gauge, for measuring temperatures between 0 °C to 40 °C.

Barometer, required for measuring the ambient air pressure.

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=f1eae3302c8d2777dc2805d2d96f3cd6

ISO 6978-2:2003(E)

e ES 198008

g 1 —
Key
1 pipeline 7 three-way valve
2 dampling valve 8 aluminium block for heafing
3 first bypass 9 flow indicator
4 Hypass valve 10 gas meter
5 flow control valve 11 temperature gauge
6 gecond bypass 12 pressure gauge
Figure 1 — Sampling apparatus
Dimensiong in millimetres
100 330
{ 70 25 122 86 122
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ol ™ TR\ o
_/
/
55 45 3
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A |1
I\l\ | |
1 2
Key

1 heating plug
2 silicon rubber (glued)
3 division line

Figure 2 — Heating box (heatable aluminium box)
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Dimensions in millimetres

140

5,6

10

170

Key
1 gold/platipum wire (350 Au/150 Pt alloy)
2 indentatign
3 O-ring

Figure 3 — Quartz glass sampling and analytical tubes

5.1.2 Apparatus for sampling at high pressure/(see Figure 4), comprising the following:
5.1.21 Pressure gauge, suitable for measuring pressures from 0 MPa to 25 MPa.
5.1.2.2 alve.

5.1.2.3 Bypass valve.

51.24 Pressure-reducing valves (two).
5.1.2.5 hree-wayvalve.
5.1.2.6 Pressure relief valves (two), set at pressures of 10 MPa and 4 kPa, respectively, to proteqt the

high-pressutle vessel and the gas meter against over pressure.

51.2.7 jsure
vessel.

5.1.2.8 Flow indicator, for adjusting the gas flow through the high-pressure vessel.

51.29 Heating tape, for wrapping around the assembly except for the relieve valves and the flow
indicator.

5.1.2.10 Gas meter, for measuring sample volumes and suitable for a gas flowrates of < 50 I/min and
equipped with the following:

a) pressure gauge;

b) temperature gauge, for measuring temperatures between 0 °C to 40 °C.

4 © ISO 2003 — Al rights reserved
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5.1.2.11 Barometer, required for measuring the ambient air pressure.

5.1.2.12 High-pressure vessel (see detail in Figure 4 for the construction), of which all parts consist of
stainless steel.

The high-pressure sampling apparatus specified in 1ISO 6978-1 may also be used by adapting it for two
sampling tubes. The high-pressure apparatus may also be used for sampling at atmospheric pressure.

5.1.2.13 Connections, between the inlet of the vessel and the sampling tubes consisting of a ball socket
with screw cap and dividable screw.

5.2 Desorption station (see Figure 5), comprising the following:

5.21 Tube oven, for the thermal desorption of mercury from the quartz glass sampling_tubes or quartz
glas$ analytical tubes.

The Jength of the heating zone of the oven should be (120 + 20) mm to cover the part.of the tubgs filled with
Au/Rt-alloy thread. The inner diameter shall allow the free passage of the tube sockets. The heafing capacity
of the oven shall be capable of reaching 800 °C within < 2 min.

5.2.2 Quartz glass analytical tubes (see Figure 3).

5.2.3 Mercury trap (see Figure 5), filled with sulfur impregnated activated charcoal or any other suitable
merqury adsorbent such as gold/platinum alloy.

5.2.4 Air pump, capable of delivering a flow rate between 0,5 [/min and 2 I/min.
5.2.9 Flow meter, for measuring flow rates ranging between 1 I/min and 5 I/min.
5.2.§ Polyvinyl acetate (PVA) tubing, having an internal diameter of 3 mm.

5.3 | Cold vapour atomic absorption spectrometer (AAS) or atomic fluorescence spectrometer (AFS).

A cold vapour AAS or an AFS with an integrator and a mercury unit, capable of detecting at leas{ 0,05 ng Hg,
stanglard laboratory equipment and polyvinyl acetate (PVA) tubing are required. However, hoges of other
suitaple plastic material, such as polytetrafluoroethylene (PTFE) or polyamide (PA), may be used.

It is pssential to make sure that the flowrate transporting the mercury through the analytical sysfem remains
constant.

5.4 | Calibration set (see Figure 6), for the preparation of mercury-saturated air (6.6), consjsting of the
elements given in 5.4.140.5.4.7.

5.4. Bottles, of\'500 ml capacity.
5.4. Screw caps with polytetrafluoroethylene (PTFE)-coated silicone rubber septa.

544 PVA'tubing.

5.4.

5.4.5 Thermometer, with a range from 10 °C to 40 °C and graduated to 0,1 °C.
5.4.6 Insulated box.

5.4.7 Gastight glass syringe, equipped with a PTFE plunger, with a stainless steel needle, capable of
delivering a volume of 0,5 ml to 5 ml.

5.5 Sampling and analytical tubes (see Figure 3).

© 1SO 2003 — Al rights reserved 5
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Dimensions in millimetres

22 23 24

2300

2220

#35

P45
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Key
1 pressure gauge (0 MPa to 25 MPa) 13 water lock set at 0,4 m water column
2 valve 14 screw cap M20
3 Dbypass valve 15 ball socket
4  pressure-reducing valve 16 O-ring
5 pressure relief valve set at 10 MPa 17 dividable screw M20 (polytetrafluoroethylene)
6 three-way valve 18 first sampling tube
7 heating tape 19 second sampling tube
8 high-pressure vessel 20 clamp
9 pressure gauge (0 MPa to 10 MPa) 21 connecting piece
10 gressure-reducing valve 22 gaz meter
11 pgressure relief valve set at 4 kPa 23 temperature gauge
12 flow indicator 24 pressure gauge
Figure 4 — Sampling apparatus for sampling at high pressure
Dimensions
%
L 0. 9
— T EE ) UTEE )
6
Q03 7
X
1
X
30 100

160
Key
1 air pump 6 tube oven
2 mercury trap 7 temperature gauge
3 flowmeter 8 glass connection tube
4 PVA tubing 9 analytical tube
5 sampling tube 10 glass wool

V)

© 1SO 2003 — Al rights reserved

Figure 5 — Desorption station

in millimetres

Mercury trap filled with activated charcoal impregnated with sulfur or any other suitable mercury adsorbent.
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nts and materials

gents and materials which contain negligible amounts of mercury.

atinum (Pt) of 0,1 mm diameter and a length of 10 m (to fill one quartz glass tube).

Gold/platinum alloy thread, produced from gold/platinum alloy 80 % to 90 % gold (Au) and the

Alternatively to gold/platinum alloy thread, silica spherules having a specific surface of about 10 m2?/g and

impregnated

6.2 Metall

with 3 % Au by mass may be used.

ic mercury, of purity > 99,9 %.

DANGER —
Spillages o

Mercury presents a health hazard if incorrectly handled. Avoid inhalation of the.vapour.
f mercury should be removed immediately, including places which are difficult to’acgess.

Use a plastic syringe to draw it up. Smaller quantities can be covered by sulfur powder and removged.

6.3

6.4 Activated charcoal, impregnated with sulfur for air purification or any other suitable mercury adso

such as golg

6.5 Sulfu

6.6

Close two b
tubing (5.4.3
inserting thg
pressure by
bottle with 3
minimize ten
the second
saturated aif

Solvents methanol and iso-octane.

Mercury-saturated air (see Figure 6).

/platinum alloy.

 powder, for covering small amounts of spilled mercury.

pttles (5.4.1), each containing 20 g of metallic mercury (6.2), with screw caps (5.4.2). Using
) attached at both ends to stainless steel syringe needles (5.4.4), connect the bottles togeth

needles through each of the septums (see_Figure 6). Keep the first bottle at atmosp
inserting another stainless steel syringe needle (5.4.4) through its septum. Equip the se
thermometer (5.4.5), not shown in Figure*6. Place the bottles in an insulated box (5.4.
hperature fluctuations. Using a gastight glass syringe (5.4.7), withdraw mercury-saturated air
pottle by inserting the needle through its-septum. Allow at least 1 h after set-up for the mer
to reach stable conditions.

1

rbent

PVA
br by
heric
cond
6) to
from
cury-

|

|

Key

1 PVA tubing

2 gastight glass syringe

3 screw cap with PTFE-coated silicone rubber septum
4  stainless steel syringe needles
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Figure 6 — Calibration set to be placed in an insulated box

7 Preparation of sampling and analytical tubes

7.1 Filling

Crumple 10 m of gold/platinum alloy thread (6.1) into a ball, then pull it out to form a cylinder so as to fit into
the sampling or analytical tubes (see Figure 3) and part of which sufficiently narrow to pass through the
indentation. Introduce the crumpled thread cylinder into the tube so as to partially pass the indentation
(15 £ 5) mm, then compress the thread to pack the filling of cross-section as shown in Figure 3. This should
resultin a filled zone of ahout (80 + ’5) mm for qampling tubes and about (6() + ’%) mm for analyfira tubes.

For gold-impregnated silica, fill the tubes between plugs of glass wool to give a length of the sorption zone of

(10 1) mm.

7.2 | Cleaning

Before use, thoroughly clean quartz glass tubes used for sampling and analysis\by repeated heating to 800 °C
for several minutes whilst purified air is passed through the tubes.

To check the mercury contamination of the tubes, connect them to the AAS or AFS as described|in 7.3. If the
tube|contains > 0,1 ng Hg, repeat the cleaning procedure until thisdevel is obtained.

Aften cleaning and allowing the tubes to cool, seal the tubes jmmediately with plastic film or clean fubber plugs
and $tore them in a hermetically closed vessel. It is recommended to use at least one tube as a blank to check
for ppssible contamination during storage.

7.3 | Efficiency testing

Sincg the efficiency of sampling and analytical.tubes can decline with time and/or usage, mercury can pass
throygh the tube without being sorbed. The- efficiency should be checked periodically depending on use,
espdcially when the Hg concentration is\lower than with parallel measurements with other tubes|or when the
ratio|of Hg found in the first and second-tube differs to parallel measurements.

Che
the

k the efficiency by connectinga tube to the AAS or AFS and sucking air or inert gas through
measuring cell of the AAS or AFS. Then inject a small volume of mercury-saturated 4

containing about 10 ng HgIf the AAS or AFS displays a response for mercury greater than 0,

effici
tube
tube

After
Spec

ency is not acceptable and the gold/platinum alloy thread in the tube has to be reactivated b
several times foA0 min to 20 min to 800 °C whilst passing a gentle stream of purified ain

this procedure, check the efficiency again. When the efficiency test is successful, clean
ified in<&2.

the tube into
ir (see 6.6)
1 ng Hg, the
heating the
through the

the tube as

8

ampling

SAFETY PRECAUTIONS — Sampling shall follow all relevant safety regulations in accordance with
ISO 10715. All the equipment used should comply with the specific local safety regulations.

8.1

General

In natural gas, mercury is found at extremely low concentration levels. Consequently, to determine mercury at
such low levels, it is necessary to take certain precautions in order to obtain reliable results. Such trace
analysis is strongly affected by the following:

a)

the sorption of mercury by the sampling equipment, resulting in false, lower levels of mercury;

© 1SO 2003 — Al rights reserved
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b) contamination of equipment or the laboratory air with mercury, resulting in false, higher levels of mercury.

Therefore, it is necessary to check all the equipment and chemicals used in the method prior to use.

Mercury is easily sorbed by most materials commonly available for sampling. Therefore, to obtain acceptable
results, use quartz glass, borosilicate glass and stainless steel. Depending on the length of the lines, the
material used and the flowrate, preconditioning of the sampling system is recommended. For the transfer of
mercury vapour to the spectrometer, polyvinyl acetate (PVA) tubing connections are recommended. However,
other suitable plastics, for instance polytetrafluoroethylene (PTFE) or polyamide (PA), may be used.

The uncertainty of the volume measurement (volume, temperature and pressure of the gas as well as ambient

air pressure

suitable measuring equipment, calibrated against a commonly accepted reference, shall be used tomin

the uncertai

8.2 Conditions for representative sampling

For general
due to the
pressure.

Q

3

Purge the
deposits or

freeze as a rlesult of gas expansion (Joule-Thomson effect).

The samplin

It is strongly
in the samp
particularly i
a relatively s

8.3 Samyg

Carry out th
directly perfq

source, hedt the gas prior to pressure reduction. Also heat the pressure control valve to avoid

condensatio

When using
pressure reg

system multiplied by thergas pressure. To minimize sorption due to low gas velocities in the high pres

branch of th
flow rate.

ty of the volume measurement to less than 1 %.

aspects of natural gas sampling, see ISO 10715. Direct sampling is performed discontinug
sorption phenomena mentioned in 8.1 in accordance with 1SO 10715 _preferably at oper

ampling system (sample probe and sampling valve) prior to¢sampling so as to remove
impurities. Avoid any excessive purging because it may possibly cause the sampling val

g and transfer lines should be as short as possible.
recommended to use a fast loop to bypass the sarption tubes. This guarantees high gas ve
ing system (sample probe and sampling valvey,and minimizes any sorption phenomena. T

mportant when the pressure is reduced for sampling and when the sampling method only req
mall gas volume.

ling procedure at atmospheric pressure (see Figure 1)

fore,

usly,
ating

any
e to

ocity
nis is
uires

e sampling at atmospheric pressure. Sampling at low pressure (near atmospheric pressuie) is

rmed on low-pressure systems (5.1.1). When sampling has to be performed from a high-pres
h and sorption phenomena.

low flow rates of-about 2 I/min, first flush the sampling system (sample probe, sampling valvg
ulator) sufficiently. As a general rule, flush at least 10 times the dead volume of the sam

e sampling/system, use a bypass line with a flow rate at least 10 times higher than the sa

sure
any

and
pling
sure
mple

Connect the

sampling apparatus (see Figure 1) to the sampling valve. When the pressure has to be red

uced

before sampling, heat the gas stream in a heat exchanger to a temperature so that the gas temperature after
expansion is more than 10 °C higher than the dewpoint. (The temperature of natural gas will drop by
4 K/IMPa.)

Heat the aluminium block (5.1.1.4 and Figure 1) to the same temperature. Adjust the first bypass flowrate to
about 20 I/min. Adjust the gas flow through the sampling tubes via the three-way valve (5.1.1.3 and Figure 1)
and through the second bypass to a flowrate of about 2 I/min. Flush through for at least 1 h before starting
sampling while the sampling tubes are bypassed or replaced by spare tubes.

To avoid overloading of the AAS or AFS with mercury (decontamination can take many hours), the amount of
mercury collected should be within the measuring range of the AAS or AFS. Therefore it is recommended to
start with a low sample volume, i.e. 51 for the first attempt, increasing the volume to an appropriate mercury
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indication of the AAS or AFS. Take several samples using different sample volumes, if measurements are to
be made in a laboratory remote from the sampling station.

After these preparatory steps with the three-way valve (5.1.1.3) still in the bypass position, connect two clean
sampling tubes glass to glass by a short elastic silicone tube and place them into the aluminium block heated
to more than 10 °C higher than the dewpoint. Connect the sampling tubes on one side with the three-way
valve and on the other side with the flow and gas meter. Read the initial value of the gas meter (7;) and turn
the three-way valve to pass the gas sample. Note the gauge pressure (pg) and the gas temperature (¢g)
during sampling at regular intervals and, at minimum, take readings at the beginning and the end of sampling.

When the predetermined volume of gas has passed through the sampling tubes, switch the three-way valve to
byp i i i i pes from the
sampling apparatus, remove them from the aluminium block and close the ends as mentioned|in 7.2. Note
also[the time and the date of sampling and the ambient air pressure (p,). Note which sampling fube was the
first and which was the second. Also mark the flow direction.

If uppn visual inspection, the sampling tubes contain liquid condensates after sampling, discard the sample
(unrgliable results) and change the sampling conditions, e.g. temperature of the)gas and sanmple volume.
Cleap the sampling tubes as specified in 8.5.

During the sampling process (possibly due to the effect of condensate covering the su
goldfplatinum alloy thread), mercury can pass through the first tube, Ifumore than 25 % of the {
content of both tubes passes through the first tube, reduce the flewrate during sampling and/o
volumne. If less than 10 % has passed, then increase the flow rate’and/or the sample volume.

If co
effici
5ng
cond

hdensate is suspected to be collected in the tubes, thefeby reducing their sampling efficiend
ency as specified in 7.3 by injecting a small volumé of mercury-saturated air (6.6) cont
Hg into a loaded sampling tube. A breakthrough ofimercury indicates either an adverse effe
ensate or overloading of the adsorbent. In this case, clean the sampling tube as specified in }

Preferably analyse the samples on-site but they may also be sealed with a plastic film or with
plug$ and stored in a hermetically closed vessel for up to one week before analysis. It is reco
storg at least one blank sampling tube with(the samples to control mercury contamination during s

8.4 | Sampling procedure at high pressure (see Figure 4)
High
throd
may
prior|
reint

Lpressure sampling (above -atmospheric pressure) allows a rather large volume of gas td
gh the sampling tube(s) in a short time without changing the pressure and temperature of {

to pressure reduction so that the gas sample volume can be measured accurately; the bypa

Briefly open the,sampling valve connected to the pipeline (not shown in Figure 4) to blow out an
impurities. Takeé care to prevent excessive blowing out, as otherwise the Joule-Thomson effect w
valvg todce up. Keep the feedline (stainless steel) from the sampling valve to the sampling ur

oduced either.to alow-pressure pipeline or to a flared and/or vented outlet for safety reasong.

face of the
ptal mercury
the sample

v, check the
hining about
ct of invisible
[.2.

Clean rubber
mmended to
torage.

be passed
he gas. This

also prevent retrogfade condensation of hydrocarbons. Heat exchangers are required to heat the gas

5s should be

deposits or
ill cause the
it (shown in
e as well as

Figufe4) as short as possible to prevent losses by adsorption on the inside surface of the feedlin

aVO;u;HH a tUIIIIJCIGtuIU Clllup.

Heat the sampling equipment and lines to a temperature about 10 °C above the dewpoint. Refer to Figure 4
for the following procedure. Connect the first sampling tube (filled according to 7.1 with gold/platinum alloy
thread) to the inlet ball socket of the high-pressure vessel by means of the screw cap and the dividable screw
using an O-ring. Connect the second sampling tube to the first one using a glass connecting piece and clamps.
Close the high-pressure vessel and connect it to the sampling equipment. With the valve (2 in Figure 4) closed,
open the sampling valve (not shown in Figure 4) and read the pressure on the pressure gauge (0 MPa to
25 MPa). With the pressure-reducing valve (4 in Figure 4) upstream to the high-pressure vessel closed, open
the valve (2 in Figure 4) and then open the bypass valve (3 in Figure 4) to flush the sampling lines. Place the
three-way valve (6 in Figure 4) in a position to bypass the high-pressure vessel. With the pressure-reducing
valve (10 in Figure 4) downstream to the high-pressure vessel closed, open the pressure-reducing valve (4 in
Figure 4) upstream to the high-pressure vessel slowly. Then open the pressure-reducing valve (10 in Figure 4)
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downstream to the high-pressure vessel slowly and adjust the flowrate to the gas meter to approximately
20 I/min by means of the flow indicator (12 in Figure 4).

After flushing the equipment thoroughly for at least 1 h, turn the three-way valve (6 in Figure 4) to a position so
that the gas flows through the high-pressure vessel. At the same time, take the gas meter reading (7;). During
sampling, take readings at the gas meter of the gas temperature /g and gauge pressure pg at regular intervals,
and, at minimum, take readings at the beginning and the end of the sampling. When sufficient gas has passed
the sampling tubes, turn the three-way valve (6 in Figure 4) to a position to bypass the high-pressure vessel
and simultaneously take the gas meter reading (7;). Close the pressure-reducing valve (4 in Figure 4)
upstream to the high-pressure vessel and remove the sampling tubes from the high-pressure vessel as soon
as atmospheric pressure is reached. Seal both ends of the sampling tubes as mentioned in 7.2. Note also the

time and da
one was sed

To avoid ov
within the m
hours. The

r
increasing :I

different sa

If upon visu
(unreliable 1
Clean the sg

During the

gold/platinun
content of b
and/or the s
sorbed, then

Preferably &
plugs and s
store at leas

8.5 Remd

To remove
sampling tul
dry the tubsg
Figure 5) thn
as specified

< Uf bdlllp“lly alluI dIIIIUiCI It dil plcbbulC ([la) as VVU“ do VVilibil balllp“llg ‘Lubc wdoS ﬂlbt dl Id
ond. Also mark the flow direction on the tubes.

easuring range of the AAS or AFS. Decontamination of some AAS detectors may-take se
fore, it is recommended to start with a low sample volume, e.g. 20 | for thefirst attempt,

bl inspection the sampling tubes contain liquid condensates after sampling, discard the sa|
esults) and change the sampling conditions, e.g. temperature ,of(the gas and sample vol
mpling tubes as specified in 8.5.

sampling process (possibly due to the effect of condensate covering the surface o
n alloy thread), mercury can pass through the first tube:If more than 25 % of the total me
pth tubes passes through the first tube without being sorbed, reduce the flowrate during sam
pmple volume. If less than 10 % of the total mercury passes through the first tube without &
increase the flowrate and/or the sampling volumeg?

halyse the samples on-site but they may also be sealed with a plastic film or with clean ry
ored in a hermetically closed vessel for up to one week before analysis. It is recommend
[ one blank sampling tube with the samples to control mercury contamination during storage.

pval of condensate from discarded sampling tubes

ondensate (hydrocarbons and water), especially when sampling mercury from raw gas, was
es successively with 5-mliiso-octane and 5 ml of methanol. After shaking out remaining sol
s by passing a gentle“stream of purified air (mercury trap filled with mercury adsorbent
pough the tubes. The tubes are dried after flushing for at least 3 min at > 20 °C. Then clean
in 7.2. It may also be advisable to check the sampling efficiency as specified in 7.3 before us

9 Mercury determination

DANGER —
Spillages o

hich

brloading of the AAS or AFS with mercury, make sure the collected amount of mercury remains

veral
then

e volume to an appropriate mercury indication of the AAS or AFS. Take several samples Uising
ple volumes if measurements are to be made in a laboratory remote from-the’sampling statign.

>

mple
ume.

the
rcury
pling
eing

bber
ed to

h the
vent,

see
them

e

Mercury presents a health hazard if incorrectly handled. Avoid inhalation of the va

Use a plastic syringe to draw it up. Smaller quantities can be covered by sulfur powder and removed.

9.1

Transfer of mercury to the analytical tube (double amalgamation)

Connect each sampling tube successively in the desorption station (see 5.2 and Figure 5) to an analytical tube.
Ensure that the direction of the flow is opposite to that of the flow during sampling. Place the sampling tube
into the cold tube oven (< 200 °C) (Figure 5) and connect it to PVA tubing via the mercury trap to an air pump.
Adjust the flowrate of air to 500 ml/min using the flow indicator. Heat the tube oven to 700 °C as indicated by
the temperature gauge. Wait for 1 min and then turn off the heating. Disconnect the sampling tube from the
analytical tube and the air supply and remove them from the oven.

Desorb the mercury in sampling tubes within one week after sorption.
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9.2 Transfer of mercury to AAS or AFS instrument

Connect the analytical tube to the inlet of the AAS or AFS (5.3) using PVA tubing and put it

in the oven

maintained at a temperature below 200 °C. Rapidly heat the tube oven to about 800 °C and use a suitable

carrier gas to carry the mercury vapour to the detector. Note the response of the integrator.

9.3 Calibration

Calibrate the AAS or AFS by introducing known quantities of mercury (measured volume of mercury-saturated

air) prior to calculating the mercury content of the tubes.

Allow the mercury-saturated air (6.6) in the calibration set (5.4) and the gas-tight syringe sufficig
Figufe 6 and 6.6) for equilibrating at a constant temperature equal to, or lower than, ambienttem
the qyringe with mercury-saturated air from the second bottle (see Figure 6) and store the syring
insulpted box for several minutes to allow preconditioning. Remove the syringe and empty-it in th
Fill the syringe again over a period of 3 s to 4 s, sucking the vapour from the second,bottle. Alway
syringe, wait several seconds and expel the extra volume exceeding 0,5 ml backyinto the same
the femperature inside the insulated box. Inject the mercury-saturated air immediately via a
septim mounted in the desorption station (5.2) upstream of a clean sampling tube. Sufficient
desqrption system with purified air (mercury trap) so as to transfer the injected mercury vapour ¢
into {he sampling tube.

Trangfer the mercury as specified in 9.1 to the analytical tube and‘determine the mercury as sp¢g
Repgat injections and measurements until the relative standard deviation for at least three
injections is less than 3 %. At least two calibrations at different levels within the measurin
necgssary for a first order calibration curve passing through the origin and at least three cal

nt time (see
perature. Fill
je inside the
e first bottle.
5 over-fill the
bottle. Note
T-piece with
y purge the
uantitatively

cified in 9.2.
consecutive
J range are
brations are

necgssary for curves not passing through the origin.
Deriye the appropriate response factor for the measured integral of the sample from the calibration curve and
the mercury content of saturated air at the appropriate temperature as listed in Table 1.
9.4 | Blank test
Che¢k the background level of mercury in ambient air by suction of air directly into the AAS dr AFS. After
reaching stable conditions, pass theair through the mercury trap before introducing it into the AAS or AFS. If
the dlisplay value changes, the(background level of Hg is too high and the instrument should be placed in
another location. If this is not.possible, take special precautions by using a mercury trap for the air flowing
throygh the AAS or AFS.
10 Calculation
Calcplate \the mass, expressed in nanograms, of mercury, Mygs collected on both sampling |tubes using
Equatien‘(1):
A
-2 1

MHg R; (1)
where

A is the integrated signal, expressed in arbitrary units, indicated by the AAS or AFS;

R; s the response factor, expressed in arbitrary units per nanogram, derived from the calibration curve;
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