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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-governm

Electrotechn
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 20552 w

cal Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

the technical committees are circulated to the member bodies for voting:-Publication
Standard requires approval by at least 75 % of the member bodies casting-a Vote.

pall not be held responsible for identifying any or all such patent rights.

ental in liaison with ISQ_also take part inthe work. 1SQ collaborates nlnenly with the International

5k of technical committees is to prepare International Standards. Draft International Stan¢lards

4s an

rawn to the possibility that some of the elements of this document may be the subject of datent

as prepared by Technical Committee ISO/TC 146, Air qualityy Subcommittee SC 2, Workplace
atmospheres.
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Introduction

The health of workers in many industries is at risk through exposure by inhalation of mercury and inorganic
mercury compounds. Industrial hygienists and other public health professionals need to determine the
effectiveness of measures taken to control workers' exposure, and this is generally achieved by making
workplace air measurements This International Standard has been publrshed in order to make available a

agenties concerned with health and safety at work; industrial hygrenrsts and other public health
analyttical laboratories; industrial users of mercury and inorganic mercury compounds and‘their w

The procedure described in this International Standard is based upon several published papers
that gescribe methodology for the determination of mercury vapour in air. This\procedure ha
validated and the resulting back-up data are presented in this standard.

It hag been assumed in the drafting of this International Standard that the execution of its provis
intergretation of the results obtained, is entrusted to appropriately qualified and experienced peop

sampling. It is
bf benefit to:
rofessionals;
brkers, etc.

[1][2](3][4][5][6]
is been fully

ions and the
le.
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Workplace air — Determination of mercury vapour — Method
using gold-amalgam collection and analysis by atomic

absorption spectrometry or atomic fluorescence spectrometry

1

This
vapo
abso

The

VI
a
s
a
te
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cope

International Standard specifies a procedure for determination of the mass concentratio
Ur in workplace air using a method of gold-amalgam collection with analysis by €ither cold v
ption spectrometry (CVAAS) or cold vapour atomic fluorescence spectrometry~<(CVAFS).

rocedure specifies a number of sampling methods for different applications)

hen it is known that no particulate inorganic mercury compounds are.uséd in the workplace 3
te produced in the processes carried out, samples of mercury, vapour are collected usin
brbent tube containing porous gold-coated diatomaceous earth..Suitable sorbent tubes are
vailable or they can be made from sorbent prepared by pyro-deecomposition of chloroauric a
trachloroaurate(lll)] sintered on diatomaceous earth.

hen both mercury vapour and particulate inorganic mercury compounds could be prese

a

prefilter to remove particulate inorganic mercury, compounds. If desired, the procedure
I$O 17733 can be used to collect and analyse.separate samples for measurement of particul

c) W
p
c

The

expo
by th
merc
proce
1pg

to be|
deten

mosphere, samples of mercury vapour are collectedusing a pumped sorbent tube fitted with

ercury compounds.

hen it is known that no elemental mercury is used in the workplace and that no merct
roduced in the processes carried out,cthe procedure described in ISO 17733 can be used,
bllect and analyse samples for measurement of particulate inorganic mercury compounds.

h of mercury
Bpour atomic

ind that none
g a pumped
commercially
id [hydrogen

nt in the test
A quartz fibre
described in
ate inorganic

ry vapour is
if desired, to

brocedure is highly sensitive and suitable for static sampling or for determination of short-t
Eure to mercury vapour in workplace air. The lower limit of the working range of the procedur

brm personal
is governed

b lower limit of the analytical range of the CVAAS or CVAFS instrument, which is approximatgly 0,01 ng of
Liry for a sorbent tube ‘containing 80 mg of sorbent (see 13.1). The upper limit of the working range of the
dure is governed by the upper limit of the analytical range of the CVAAS or CVAFS instrumept, e.g. about
bf mercury (see-13.2). The sampling capacity of one commercially available sorbent tube haq been shown
greater than/2 ug. The concentration ranges of mercury in air for which the procedure is applicable are
mined in part-by the sampling method selected by the user.

The
betw

|

long-ferm exposure, such as 8 h, this procedure can be used with sampling flow rate of 10Q ml min™—

flow rate of

using a commercially available sorbent tube. For agsessment of

1 .
in

rocedure is suitable for making short-term measurements (e.g. 15 min) when sampling at
en100 mI min~"' and 1 000 ml min~"

workplaces where the concentration of mercury vapour is expected to be lower than 20 pg m™ °. If the expected
concentration of mercury vapour is higher than 20 ug m—3, it is necessary to use the procedure prescribed in
ISO 17733.

The method is unsuitable for making measurements of mercury vapour in air when chlorine is present in the
atmosphere, e.g. in chloralkali works (see 13.8.1). Gaseous organo-mercury compounds can cause a positive
interference (see 13.8.2).

©1S0
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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 document
(including any amendments) applies.

ISO 177383, Workplace air — Determination of mercury and inorganic mercury compounds — Method by cold-
vapour atomic absorption spectrometry or atomic fluorescence spectrometry

3 Terms and definitions

For the purchses of this document, the following terms and definitions apply.
3.1 General definitions

3.11
chemical agent
any chemical| element or compound, on its own or admixed as it occurs in the natural(state or as producgd by
any work act|vity, whether or not produced intentionally and whether or not placed enthe market

[EN 1540:1998] []

3.1.2
breathing zgne
(general defipition) space around the worker's face from where he or she takes his or her breath

3.1.3
breathing zgne
(technical definition) hemisphere (generally accepted to be-0,3 m in radius) extending in front of the human|face,
centred on the mid-point of a line joining the ears; thexbase of the hemisphere is a plane through this ling, the
top of the hefd and the larynx

NOTE 1 The [definition is not applicable when respiratory protective equipment is used.

NOTE 2 Adapted from EN 1540 [71.

3.14
exposure (by inhalation)
situation in which a chemical agent is present in air, which is inhaled by a person

3.1.5

measuring procedure
procedure fdr sampling and analysing one or more chemical agents in the air, and including storage and
transportatioh of¢he sample

3.1.6
operating time

period during which a sampling pump can be operated at specified flow rate and back pressure without
recharging or replacing the battery

[EN 1232:1997] 8]

3.1.7
limit value
reference figure for concentration of a chemical agent in air

NOTE An example is the Threshold Limit Value® (TLV) for a given substance in workplace air, as established by the

ACGIH 9], (Threshold Limit Value® is an example of a suitable product available commercially. This information is given for
the convenience of users of this International Standard and does not constitute an endorsement by I1SO of this product.)

2 © 1SO 2007 — Al rights reserved
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3.1.8
reference period
specified period of time stated for the limit value of a specific chemical agent

NOTE Examples of limit values for different reference periods are short-term and long-term exposure limits, such as those
established by the ACGIH [,

3.1.9
workplace
defined area or areas in which the work activities are carried out

[EN 1540:1998] [7]
3.2 Bampling definitions

3.21
perspnal sampler
device attached to a person that samples air in the breathing zone

[EN 1540:1998] [7]

3.2.2
perspnal sampling
procgss of sampling carried out using a personal sampler

[EN 1540:1998] [7]

3.23
sampling instrument
sampler

device for collecting airborne particles or gaseous materials (vapour), or both

3.24
sorbent tube, pumped
tube,|usually made of metal or glass, containing an active sorbent or reagent-impregnated support, through
which sampled atmosphere is pasSed at a rate controlled by an air sampling pump

[EN 1076:1997] [10]

3.25
stati¢c sampler

ampler

, hot attached to a person, that samples air in a particular location

sampling

process of air sampling carried out using a static (area) sampler
3.3 Statistical terms

3.3.1

analytical recovery

ratio of the mass of analyte measured when a sample is analysed, to the known mass of analyte in that sample,
expressed as a percentage

3.3.2
bias
consistent deviation of the results of a measurement process from the true value of the air quality characteristic
itself

© IS0 2007 - All rights reserved 3
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3.3.3
precision

closeness of agreement of results obtained by applying the method several times under prescribed conditions

3.3.4
true value

value which characterizes a quantity or quantitative characteristic, perfectly defined in the conditions which exist

when that qu

antity or quantitative characteristic is considered

NOTE The true value of a quantity or quantitative characteristic is a theoretical concept and, in general, cannot be known

exactly.

[ISO 3534-2:

3.3.5

uncertainty
parameter a
could reason|

NOTE 1 The
interval.

NOTE 2 Unc

D006, definition 3.2.5] [11]

(of measurement)
bsociated with the result of a measurement that characterizes the dispersion-of the value
ably be attributed to the measurand

parameter may be, for example, a standard deviation (or a given multiple of it);70r the width of a confi

brtainty of measurement comprises, in general, many components-~Seme of these components m

evaluated fronp the statistical distribution of the results of a series of measurements, ‘@nd can be characterized by stg

deviations. Th
probability dis
measurement

NOTE 3 Ada

b other components, which also can be characterized by standard deviations, are evaluated from asg
tributions based on experience or other information. The( Guide to the expression of uncertai
(GUM) [12] yefers to these different cases as Type A and Type Bevaluations of uncertainty, respectively

pted from the International vocabulary of basic and genéral terms in metrology (VIM) [13]

b that

Hence

ay be
ndard
umed
hty in

4 Principle

Mercury vapour is collected by drawing a known*volume of air through a sorbent tube containing porous
coated diatojnaceous earth using a pump. The sorbent tube is preceded by a quartz fibre filter tg
particulate inorganic mercury compounds when these could be present in the test atmosphere. If desire
procedure described in 1SO 17733 is used to collect and analyse separate samples for measureme
particulate inporganic mercury compounds:

gold-

trap
i, the
nt of

The sample fube is transported tosthe laboratory and installed in a mercury analyser, consisting of a d
gold-amalgamm unit, or sample applicator unit, and a CVAAS or CVAFS analyser unit. The sample applicatg
comprises two heaters, separated by a gas washer, and a charcoal filter. The sample tube used for sa

200 °C). Fmally, the trappmg tube is heated to 700 °C and the mercury vapour is released |nto the CVAAS or
CVAFS analyser unit. An important characteristic of double gold-amalgam technique is that the mercury peak is
sharp and stable due to the reproducible analysis conditions that result from repeated use of the same gold trap.
Sample tubes can be reused up to 3 000 times if no damage occurs from exposure to chlorine or ammonia.

The results may be used for the assessment of workplace exposure to mercury vapour (see EN 689 [14)),

5 Reactions

The porous gold-coated sorbent used in the method described in this International Standard has been shown to
have a reversible affinity for mercury. The trapped mercury forms an alloy, called an amalgam, from which
mercury vapour is easily released by heating.

© ISO 2007 — All rights reserved
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NOTE Other amalgam-based mercury sorbents are known, e.g. silver wool and gold wool. However, silver wool has many
problems. It is easily oxidized, has a low sorption capacity and poor collection and recovery efficiencies. Similarly, mercury

is not

released efficiently from gold wool by heating and does not give sharp analytical peaks '],

6 Requirement

The measuring procedure shall comply with any relevant International, European or national standard that
specifies performance requirements for procedures for measuring chemical agents in workplace air.

7 R

Durin
gene

7.1

7.2

8 Apparatus

leagents

g the analysis of mercury vapour by this method, only analytical grade mercury reagent i
ration of a standard mercury vapour to make a calibration curve.

Argon, suitable for use in CVAAS.

Mercury, for preparation of a mercury vapour standard.

5 needed for

8.1 |Sampling equipment

8.1.1| Sorbent tubes, glass, containing a single sectionof-porous gold-coated diatomaceous edrth, stored in
a glags tube sealed with a butyl rubber stopper.

The gonstruction of such a sorbent tube is illustrated'in Figure B.1.

NOTH A sorbent tube suitable for use in this methed is commercially available [PIBI15] This is 160 mm long, with a 6 mm
outer diameter and a 4 mm internal diameter,'@nd contains 80 mg of porous granular gold sorbent retained Ry small quartz
wool plugs. Similar custom-made sorbent tubes can also be used if it can be demonstrated that they dive equivalent

perfofmance. Custom-made sorbent tubes can be manufactured from porous gold-coated sorbent

diator

8.1.2
sam

polyt

NOTEH
there

8.1.3

haceous earth on which pyro-decomposition of chloroauric acid has been carried out by sintering at ab

Sorbent tube and prefilter assemblies, consisting of a quartz fibre filter (8.1.3) mounted
ler, connected to the-jnlet of a sorbent tube (8.1.1) with a minimum length of inert plasti
btrafluoroethylene(PTFE) or modified polyvinyl chloride tubing.

A sorbent tubgand prefilter assembly is only required if the concentration of airborne particles could
s a risk of blockage of the quartz wool plugs that retain the gold-coated sorbent in the tubes.

Quartz fibre filters, of a diameter suitable for use in the samplers used for constructid

asse

diam ta¥ (caa 2 2 af o0 7708 [
SteSee—=—=—0H1oo9—+vo

blies (see 8.1.2), with a collection efficiency of not less than 99,5 % for particles with a 0,3

consisting of
but 800 °C.

in a suitable
C tubing, e.g.

pe so high that

n of prefilter
pm diffusion

161y
=

NOTE Quartz fibre filters have been shown
suitable for use as prefilters. It has been reported

7]
(18]

ester filters are used as prefilters, although these findings were not reproduced in later work [19].

not to absorb mercury vapour from the sampled air. They are therefore
that there can be significant loss of mercury vapour if mixed cellulose

8.1.4 Sampling pumps, with an adjustable flow rate, capable of maintaining the selected flow rate
(see 10.1.3) to within & 5 % of the nominal value throughout the sampling period (see 10.1.4).

NOTE 1 A flow-stabilized pump may be required to maintain the flow rate within the specified limits.

For personal sampling the pumps shall be capable of being worn by the worker without impeding normal work
activity. Sampling pump flow meters shall be calibrated using either a primary or secondary standard; if a
secondary standard is used, it shall be calibrated using a primary standard.

©1S0
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The pump should have, as a minimum, the following features:

— an automatic control that keeps the volume flow rate constant in the case of a changing back pressure;

— either a malfunction indicator which, following completion of sampling, indicates that the air flow has been
reduced or interrupted during sampling; or an automatic cut-out, which stops the pump if the flow rate is
reduced or interrupted; and

a facility for the adjustment of flow rate, such that it can only be actuated with the aid of a tool (e.g.

screwdriver) or requires special knowledge for operation (e.g. via software), so as to preclude inadvertent
readjustment of the flow rate during use.

An integral ti

NOTE2 EN

the pulsat

back pres

within the
not deviat

the operat

the flow rg

If the samplin]
be taken to €
be necessar

8.1.5 Flow
measured to

The calibratiq
is traceable t
at which the

mer is a highly desirable additional feature.

232 [8] requires that the performance of the pumps is such that:

on of the flow rate does not exceed 10 %;

a flow ratg set within the nominal range does not deviate by more than 4 5 % from the initial-value under incrg

sure;

range of ambient temperatures from 5 °C to 40 °C, the flow rate measured uhdet operating conditions
b by more than &= 5 % from the flow rate at 20 °C;

ng time is at least 2 h, and preferably 8 h; and

te does not deviate by more than 4 5 % from the initial value during'the operating time.

g pump is used outside the range of conditions specified in EN 1232 18], appropriate action s
nsure that the performance requirements are met. For instance, at sub-zero temperatures it
to keep the pump warm by placing it under the Wworker's clothes.

meter, portable, with an accuracy that is sufficient to enable the volume flow rate (see 10.1.3)
within + 5 %.

n of the flow meter shall be checked’against a primary standard, i.e. a flow meter whose acc
b national standards. If appropriate (see 10.1.2), record the atmospheric temperature and pre
Calibration of the flow meter-was checked.

It is advisabl¢ that the flow meter used-is capable of measuring the volume flow rate to within + 2 % or be

8.1.6 Ancillary equipment.

8.1.6.1 Flex
sampling pun

ible tubing,of a diameter and length suitable for making a leak-proof connection betwee
hps andthe sorbent tubes and/or the samplers.

8.1.6.2 Bel

asing

does

hould
might

to be

iracy
ssure

tter.

n the

pling

8.1.6.3 Forceps, flat-tipped, for loading and unloading of filters and sorbent capsules into and out of samplers.

8.1.6.4 Filter transport cassettes, or similar, if required to transport samples for laboratory analysis.

8.1.6.5 Barometer, suitable for measurement of atmospheric pressure, if required (see 10.1.2).

8.1.6.6 Thermometer, 0°C to 50 °C, graduated in divisions of 1°C or better, for measurement of

atmospheric

temperature, if required (see 10.1.2).

For applications at temperatures below freezing, the range of the thermometer shall extend to the appropriate
desired range.

© ISO 2007 — All rights reserved
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8.2 Analytical instrumentation

A mercury analyser consisting of a double gold-amalgam unit (or sample applicator unit), comprising two
heaters, a gas washer and a charcoal filter, connected to an analyser unit employing a cold vapour atomic
absorption spectrometer or cold vapour atomic fluorescence spectrometer. A block diagram of an instrument
employing a double gold amalgam system with CVAAS is illustrated in Figure B.2.

NOTE A mercury analyser suitable for use in this method is commercially available 2131151,

9 Occupational exposure assessment

9.1 |General

This standard pertains to the taking both of static (area) and personal samples. Refer.{o relevant Jnternational,
European or national standards (e.g. EN 689 ['4] ASTM E 1370-96 [2%], etc.) for guidance on haw to develop
an appropriate assessment strategy and for general guidance on measurement.strategy.

9.2 |Static (area) sampling

Stati¢ (area) sampling may be carried out, if appropriate, at points ‘systemically selected in the yorkplace for
one gqr more of the following purposes:

a) tg assess the concentration of mercury vapour in the working environment,
b) tg give an indication of the efficiency of ventilation or other engineering controls,
¢) ta characterize or to provide information on the\lecation and intensity of an emission source, and/or

d) tg estimate the exposure of workers in situations where personal sampling is not possible.

9.3 |Personal sampling

Expopure of workers to mercury 'shall normally be determined by personal sampling, since the confcentration of
merclry vapour in the breathing-zone can be different from the background level in the workplace

9.4 |Selection of measurement conditions and measurement pattern

9.4.1] General

9.4.1{1,~Sampling shall be carried out in such a way as to cause the least possible interference with the worker
during_the normal performance of the job, and to provide samples that are representative of nokmal working
conditions and that are compatible with the analytical method.

9.4.1.2 The pattern of sampling shall take into consideration practical issues, such as the nature of the
measurement task and the frequency and duration of particular work activities.

9.4.2 Screening measurements of variation of concentration in time and/or space

Screening measurements of variation of concentration in time and/or space may be performed to provide
information on the likely pattern of concentration of chemical agents. They can be used to identify locations and
periods of elevated exposure, and to set the duration and frequency of sampling for measurements for
comparison with limit values. Emission sources can be located and the effectiveness of ventilation or other
technical measures can be estimated (see 4.3 of EN 482:1994 [21]),

© IS0 2007 - All rights reserved 7
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9.4.3 Screening measurements of time-weighted average concentration and worst case

measureme

nts

9.4.3.1 Screening measurements of time-weighted average concentration may be performed to obtain
relatively crude information on the exposure level in order to decide whether an exposure problem exists at all,
and if so to appraise its possible seriousness. They may also be used to determine if the exposure is well below
or well above the limit value (see 4.2 of EN 482:1994 [ 1]).

9.4.3.2 Screening measurements of time-weighted average concentration are typically carried out in the initial
stages of a survey to assess the effectiveness of control measures. Sampling may be carried out during
representative work episodes to obtain clear information about the level and pattern of exposure, or worst case

measuremerps-rray-be-rmade-

NOTE Screening measurements of time weighted average concentration made to clearly identify work episedes ¢luring
which highest pxposure occurs are typically referred to as “worst case measurements” (see 5.2.3.2 of EN 689:1995 “4]).
9.4.4 Measyurements near an emission source

Measurements may be performed near an emission source to provide information on.the location and int¢nsity
of the source. In association with other information they can allow the elimination of’a suspected sourcq as a
significant cantributor to exposure (see 4.4 of EN 482:1994 [21]).

9.4.5 Measurements for comparison with limit values and periodic measurements

9.4.5.1 Megsurements for comparison with limit values

9.4.5.1.1 Measurements for comparison with limit values are performed to provide accurate and refiable
information gn, or allow the prediction of, the time-weighted.average concentration of a specific chemical agent
in the air, wh|ch could be inhaled (see 4.5 of EN 482:1994 [21]).

9.4.5.1.2 Fqr making measurements for comparison with a long-term exposure limit, samples shall be
collected for| the entire working period, if possible, or during a number of representative work epigodes
(see 10.1.4.1 for the minimum sampling time).

9.4.5.1.3 Fqgr making measurements fof comparison with a short-term exposure limit, the sampling time| shall
be as close as possible to the reference period, which is typically 15 min, but can be anything between p min
and 30 min ($ee 10.1.4.2).

NOTE The bgst estimate of long-term exposure is obtained by taking samples for the entire working period, although this
might not alwgys be practicable.

9.4.5.2 Periodic measurements

Periodic megsurements are performed to determine whether exposure conditions have changed pince
measuremer|tsfor comparison with limit values were made, or whether control measures remain effective.

(see 4.6 of E

N 482:1994 [2T)),
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Sampling

Preliminary considerations

10.1.1 Selection of sampling method

10.1.1.1 Measurement of mercury vapour

For measurement of mercury vapour, or for measurement of total inorganic mercury (mercury vapour and

inorgRnIC mercury compounds) wWhen It IS Known that no parficulaie inorganic mercury compound
the workplace and that none are produced in the processes carried out, use the pumped sorbent
specified in this International Standard to collect samples.

10.1.1.2 Measurement of mercury vapour and particulate inorganic mercury compounds

When both mercury vapour and particulate inorganic mercury compounds ¢ould be presen

atmo
merc
samg

10.1.

For n
and i
that
desir

10.1.

10.1.

Refe
is de
temp
enou
a co

calibfation of the flow meter was checked (see 8.1.5), and measure and record the atmospheric

and
temp

10.1.

Ephere, use the pumped sorbent tube method specified in this International Standard to colle
Lry vapour and, if desired, use the procedure described in 1ISO 17733 to collect and anal
les for measurement of particulate inorganic mercury compounds,

1.3 Measurement of particulate inorganic mercury compounds

heasurement of inorganic mercury compounds, or forcmeasurement of total inorganic merc
horganic mercury compounds) when it is known that\no elemental mercury is used in the w
0 mercury vapour is produced in the processes carried out, use the procedure described in
bd, to collect and analyse samples.

P Consideration of temperature and pressure effects

P.1 Effect of temperature and pressure on volume flow rate

to the manufacturer's instruetions to determine if the indicated volume flow rate of the flow

pendent upon temperature and pressure. Consider whether the difference between the
brature and pressureat-the time of calibration of the flow meter and during sampling, is like
ph to justify applying.a correction to take this into account, e.qg. if the error could be greater t
rection is necessary, measure and record the atmospheric temperature and pressure

pressure jat\the start and at the end of the sampling period (10.4.1 and 10.4.3). Ther
brature. and pressure corrected volume flow rate following the procedure given in A.1.

5 are used in
tube method

t in the test
ct samples of
yse separate

ury (mercury
prkplace and
SO 17733, if

meter (8.1.5)
atmospheric
y to be great
han + 5 %. If
it which the
temperature

calculate a

P.2) Expression of results

Consider whether it is necessary to recalculate mercury in air concentrations to reference conditions (such as
in high altitude situations). If so, measure and record the atmospheric temperature and pressure at the start and
at the end of the sampling period (10.4.1 and 10.4.3) and follow the procedure given in A.2 to apply the
necessary correction to the mercury in air concentrations calculated in 12.2.1.

NOTE The concentration of mercury in air is generally stated for actual environmental conditions (temperature, pressure)

at the

workplace during the sampling period.

10.1.3 Volume flow rate

Select a flow rate within the range recommended by the manufacturer of the sorbent tube (normally between
100 mImin~" and 1 000 mI min™").
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10.1.4 Sampling period

10.1.4.1 Select a sampling period that is appropriate for the measurement task (see 9.4), but ensure that it is
long enough to enable mercury to be determined with acceptable uncertainty (see 3.3.5) at levels of industrial
hygiene significance. For example, estimate the minimum sampling time required to ensure that the amount of
mercury collected is above the lower limit of the working range of the analytical method when it is present in the
test atmosphere at a concentration of 0,1 times its limit value, using the following equation:

Mower
toin = —————
qv X 0,1 X pry
where
tmin i the minimum sampling time, in minutes;

Mower 19 the lower limit of the analytical range, in nanograms;

=

qv g the design flow rate of the sampler, in millilitres per minute;

7

OLv ig the limit value, in milligrams per cubic metre.

10.1.4.2 Thp sampling time shall not be less than 15 min when the sérbent tube is used at a flow rate of
100 mImin—|.

10.1.4.3 Sample handling

To minimize [the risk of damage or contamination, only handle sorbent tubes (8.1.1) and quartz fibre filters
(8.1.3), if usgd, in a clean area where the concentration of-mercury in air minimal, and only handle quartZ fibre
filters using flat-tipped forceps (8.1.6.3).

10.2 Preparation for sampling

10.2.1 Predonditioning of sorbent tubes

Take out the [required number of ‘sorbent tubes (8.1.1) from their sealed glass tubes. Precondition the sqgrbent
tubes prior tqd sampling by heatirng'to 700 °C in the mercury analyser and passing air through them at a floy rate
of 500 ml min~—" for 2 min te“reduce the mercury blank. Replace each sorbent tube in its stoppered glasq tube
and label the| glass tube wniquely.

Preconditioning of.sorbent tubes to reduce the mercury blank may be done automatically by commercial
instruments.

10.2.2 Setting the volume flow rate
Perform the following in a clean area, where the concentration of mercury in air is minimal.

Remove each sorbent tube (8.1.1) from its storage tube and connect it to a sampling pump (8.1.4) using flexible
tubing (8.1.6.1), ensuring that no leaks can occur. Switch on the sampling pump, attach the flow meter (8.1.5) to
the sorbent tube so that it measures the flow through the inlet orifice, and set the required volume flow rate
(see 10.1.3). Switch off the sampling pump, replace each sorbent tube in its storage tube and close with a butyl
rubber stopper to prevent contamination during transport to the sampling position.

If necessary, allow the sampling pump operating conditions to stabilize before setting the volume flow rate (refer
to the manufacturer's instructions).
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10.2.3 Field blanks

Retain as blanks, one unused sorbent tube (10.2.1) from each batch of ten prepared, subject to a minimum of
two. Treat these in the same manner as those used for sampling with respect to storage and transport to and
from the sampling position, but draw no air through them.

10.2.4 Sorbent tube and prefilter assemblies

If required, construct sorbent tube and prefilter assemblies (see 8.1.2).

10.3| Sampling position

10.3.1 Static (area) sampling

10.3.]1.1 If static sampling is carried out to assess the exposure of a worker inj'a’ situation where personal
sampling is not possible (e.g. due to the need to sample in confined spaces), position a sorbent tube (10.2.1) or
sorbgnt tube and prefilter assembly (10.2.4) in the immediate vicinity of the worker and at breathing height. If in
doubt, take the sampling position to be the point where the risk of exposute is considered to be greatest.

10.3.]1.2 If static sampling is carried out to assess the background/level of mercury in the workplace, select a
samgling position that is sufficiently remote from the work processes, such that results will ngt be directly
affecled by mercury from emission sources.

10.3.]1.3 If static sampling is carried out to characterizeé the concentration of mercury in|the working
envirpnment, select a number of sampling points systematically to cover the workplace.

NOTH This working environment measurement employing static sampling has been performed in som¢ countries by
regulgtion, comparing the measured concentration values statistically with a specific value which is estgblished by an
authofity, —e.g. an  administrative  control™ level (ACL) by the Japanese goverpment (see
http://www.jicosh.gr.jp/english/index.html).

10.3.2 Personal sampling

Positjon the sorbent tube (10.21) or sorbent tube and prefilter assembly (10.2.4) in the worker's brgathing zone,
as clgse to the mouth and-nose as is reasonably practicable, e.g. fastened to the worker's lapel orcollar. Attach
the sampling pump to the-worker in a manner that causes minimum inconvenience, e.g. to a pelt (8.1.6.2)
around the waist or place it in a convenient pocket.

10.4| Collection of samples

10.4.]1 _When ready to begin sampling, switch on the sampling pump. Record the time and volumie flow rate at
the sjartof the sampling period. If the sampling pump is fitted with an integral timer, check that tlpis is reset to
zero. If appropriate (see 10.1.2), measure the atmospheric temperature and pressure at the start of the
sampling period using the thermometer and barometer, and record the measured values.

Integral timers built into sampling pumps can be imprecise and should only be used to provide evidence that the
sampler has been operating properly throughout the sampling period (see 10.4.3).

If the temperature or pressure at the sampling position is different from that where the volume flow rate was set
(see 10.2.2), the volume flow rate could change and it might need to be re-adjusted before sampling.

10.4.2 Monitor the performance of the pumps frequently, a minimum of once every two hours. Measure the
flow rate using the flow meter (8.1.5) and record the measured value. Terminate sampling and consider the
sample to be invalid if the flow rate is not maintained to within 4= 5 % of the nominal value throughout the
sampling period.
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10.4.3 At the end of the sampling period (see 10.1.4), record the time. Check the malfunction indicator and/or
the reading on the integral timer, if fitted, and consider the sample to be invalid if there is evidence that the
sampling pump was not operating properly throughout the sampling period. Measure the volume flow rate at the
end of the sampling period using the flow meter (8.1.5), and record the measured value. If appropriate
(see 10.1.2), measure the atmospheric temperature and pressure at the end of the sampling period using the

thermometer

and barometer, and record the measured values.

10.4.4 Carefully record the sample identity and all relevant sampling data (see Clause 14). Calculate the mean
volume flow rate by averaging the volume flow rates at the start and at the end of the sampling period and, if
appropriate (see 10.1.2), calculate the mean atmospheric temperature and pressure. Calculate the volume of
air sampled, in litres, at atmospheric temperature and pressure, by multiplying the mean flow rate in litres per

minute by thgduratiomof the sampting period i minutes:

10.5 Trangportation of samples

10.5.1 Disa
sorbent tube
blanks (10.2,

10.5.2 Tran
damage to th

10.5.3 Follg

documentati¢n which acco

example, AS

10.5.4

11 Analysis

11.1 Set uj

11.2 Calibr

Insert a
commerdg

a)

Calculatg
ideal gas

b)

p

It is ecommended that the samples be analysed within four weeks of sampling.

ssemble the sorbent tube and prefilter assemblies, if used, and discard the prefilters. Place
in a labelled glass tube and close it with a butyl rubber stopper. Follow the same procedure f
3).

sport the samples (10.5.1) to the laboratory in a container which has been designed to pr
e samples in transit and which has been labelled to assure proper handling.

mganies the samples is suitable for a “chain’of custody” to be established (se
T™M D 4840-99 [22]).

the analytical instrument following-the manufacturer's instructions.

ate the instrument using the mercury vapour generation procedure outlined below:

small amount of metallic -mercury into a suitable glass container, as shown in Figure B.4
ially available mercury,gas box.

the concentration”of saturated mercury vapour in the air from the equation of state, assy
behaviour, using the following equation:

2,442 X p
T

each
br the

pvent

w sampling chain of custody procedures to ensure ssample traceability. Ensure thaf the

e, for

or a

ming

where

2,412

p
T

c)
standard

is the concentration of mercury in air, in grams per litre;
is the necessary conversion factor, at normal temperature and pressure;
is the saturated vapour pressure of mercury, in pascals;

is the temperature, in kelvins.

injecting port of the instrument and initiate the analysis.

Withdraw a known volume of the saturated mercury vapour using a gas-tight microsyringe, inject it into the

For instruments that do not have a standard injecting port, inject the mercury vapour into a sorbent tube
whilst drawing air through it using a sampling pump. Then install the tube in the instrument and initiate the

analysis.

12
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d) Calculate the mass of mercury injected into the instrument from the injection volume and the concentration
of saturated mercury vapour.

e) Repeat c) and d) using a minimum of five different injection volumes to cover a suitable range of masses of
mercury and calculate a calibration function.

11.3 Remove each sample sorbent tube from its glass storage tube, immediately install it in the analytical
instrument and initiate the analysis.

11.4 Calculate the amount of mercury in each sample using the calibration function.

12 [Expression of results

12.1| Calculation of the air sample volumes

Calcylate the mean volume flow rate by averaging the measurements taken at the start'and end ofjthe sampling
periof. If appropriate, (see 10.1.2.1), calculate the mean atmospheric temperature’and pressure [pby averaging
the measurements taken at the start and end of the sampling period, and apply a temperature and pressure
correftion to the mean volume flow rate. Follow the guidance given in A.1, Then calculate the volyme of the air
sampled, in litres, by multiplying the mean volume flow rate, in litres per minute, by the duration ofjthe sampling
periofd, in minutes.

12.2| Calculation of airborne mercury concentrations

12.2.1 Calculate the mass concentration of mercury in the air samples, at ambient conditiofs, using the
equation:

A = M 1000

wher

w

PHg is the calculated mass-concentration of mercury in the air sample, in milligrams per cybic metre, at
ambient conditions;

3

WHg, IS the mass ofmercury in the sample sorbent tube, in nanograms;

Hg; Iis the avérage mass of mercury in the blank sorbent tubes, in nanograms;
" is the volume, in litres, of the air sample (see 12.1).

12.2.P Jfiki5 necessary to recalculate mercury in air concentrations to reference conditions (see 10.1.2.2),
calculate,the mean atmospheric temperature and pressure by averaging the measurements taken at the start

and end—of the sampting period, and apply a temperature and Pressure COTTection to Tmercury in air
concentrations calculated in 12.2.1 using the equation given in A.2.

13 Method performance

13.1 Detection and quantification limits

Using CVAAS, the method detection limit and quantification limit for mercury (defined as three times and ten
times the standard deviation of a blank determination, respectively) have been determined (23] to be 0,003 ng
and 0,01 ng, respectively, for samples of mercury vapour collected on sorbent tubes containing 80 mg of porous
gold-coated diatomaceous earth. For the minimum air sample volume of 51, this corresponds to airborne
mercury concentrations of 0,000 6 pg m~2 and 0,00 2 Vo] m~3, respectively.
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13.2 Upper limits of the analytical range

The upper limit of the useful analytical range is governed by the linear dynamic range of the spectrometer.

NOTE The upper limit of the analytical range of one commercial mercury analyser is 1 pg of mercury

[23]

of the analytical range cited is for one particular model of instrument ['9]).

13.3 Blank values

. (The upper limit

Gold-coated diatomaceous earth does not generally contain mercury at measurable concentrations. When the

sorbent tubeg-are-preconditioned-prior-to-tseas-describedHn10-2-1the-blank-vatue-of-mereury-isnegtgible.
13.4 Bias pnd precision

13.4.1 Analytical bias

Laboratory experiments have shown that the analytical method does not exhibit sighificant bias. The mean
analytical retovery has been determined 2] to be 98 % for sorbent tubes containing 80 mg of gold-cpated
diatomaceous earth dosed in the range 0,02 pg to 1 pg of mercury.

13.4.2 Analytical precision

The componegnt of the coefficient of variation of the method that arises from analytical variability, CV (analysis),
is dependent on a number of factors, including the analytical instrumentation used. Laboratory experiments
have been carried out to obtain figures of merit for CV (analysis). Using CVAAS, the CV (analysis) has|been
determined ! to be 0,6 % for sorbent tubes containing 80-mg of gold-coated diatomaceous earth dosed with
0,05 g to 0,2 pg of mercury.

13.5 Effects on sampler performance

13.5.1 Effe¢t of concentration and time ‘on sampler performance

Laboratory gxperiments have been\performed to determine the effect of concentration and time op the
performance|of sorbent tubes containing 80 mg of gold-coated diatomaceous earth. These experiments|were
carried out |by sampling mercury vapour generated at concentrations between 0,001 mgm™3| and
0,015 mg m % at a temperature of 20 °C and a relative humidity of 50 %. Results demonstrated that the pffect
of exposure goncentration ‘and time is negligible for sampling periods up to 8 h.

13.5.2 Effe¢t of atmospheric temperature and humidity on sampler performance

Laboratory expet imentshavebeen pci‘f\n med-todetermine-the-effectof atllluophcl 19 tclllpclatl.uc andtt Idlty

on the performance of sorbent tubes containing 80 mg of gold-coated diatomaceous earth. These experiments
were carried out by sampling mercury vapour at a concentration of 0,005 mg m~2 at temperature extremes of
5°C and 40 °C and relative humidity extremes of 20 % and 70 %. Results demonstrated that the effect of
temperature and humidity is negligible within these extremes.

13.6 Collection efficiency, breakthrough volume and sampling capacity of sorbent tubes

Laboratory experiments have shown that the collection efficiency of sorbent tubes is close to 100 %.
Breakthrough was found to be less than 1 % when sampling mercury vapour at a concentration of 0,05 mg m—3
for 1,5 h using an elevated flow rate of 500 ml min~" at a temperature of 20 °C and a relative humidity of 50 %.
The breakthrough volume is therefore greater than 54 | for mercury vapour at a concentration of 0,05 mg m~—3.

This corresponds to a sampling capacity of at a maximum 2,7 pug of mercury vapour.
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13.7 Storage stability

Laboratory experiments have shown [®] that samples of mercury vapour collected using pumped sorbent tubes
are stable for at least six months when the tubes are sealed with their plastic caps.

13.8 Interferences

13.8.1 In the chloralkali process, mercury vapour commonly co-exists in the atmos é)here with chlorine.
Chlorine can react with mercury vapour in the air to form particulate mercuric chloride ['8] and, therefore, this
procedure is unsurtable for maklng accurate measurements of mercury vapour in chloralkah works. However,
the pa ) lysed by the
meth nic mercury
in the

atmosphere of chloralkali works.

13.8.p Gaseous organo-mercury compounds are collected by diatomaceous earth and can thergfore cause a
positive interference on the measurement of mercury vapour in the air. Some_tollected organo-mercury
comgounds decompose on the sample tube when it is preheated to 300 °C and)are determinedl as mercury
vapolr in the normal manner. Others are released from the sample tube whemit is heated to 30 °C, but are
then fetained on the trapping tube, which is maintained at a lower temperaturé-ef 150 °C. Such ordano-mercury
compgounds will also be determined as mercury vapour by this method. However, organo-mercury compounds
that dre released from the sample tube when it is preheated to 300 °C, but-which then pass through the trapping
tube pt 150 °C, will not interfere. See Reference [24].

13.8.3 Any compound with the same absorption wavelength as:mercury (253,7 nm) can cause interference in
CVAAS. Some volatile organic compounds (e.g. hexane, benzene, toluene, acetone, carbon fetrachloride,
isoprppy! alcohol, etc.) absorb at this wavelength and aredherefore potential analytical interfergnces. These
compgounds are expected to be retained on gold-coated diatomaceous earth during sample collegtion and the
could therefore cause interference in the determination of mercury vapour by single-amalgarh CVAAS 2,
Howgver, the double amalgam method employed-in this International Standard is an effectife means of
meaguring mercury vapour in the presence of velatile organic compounds. The excellent efficien¢y with which
mercpry is separated from volatile organic_compounds is illustrated in Figure B.3. This shows that only a
mercpry peak is detected in the presence of a‘volatile organic compound (hexane). CVAFS does npt suffer from
interference bY volatile organic compounds that absorb at 253,7 nm, since they do not refemit at this
wave ength

14 [Test report

The test report shall contain the following information:
a) a|statement to indicate the confidentiality of the information supplied, if appropriate;

b) aJcomplete.identification of the air sample, including the date of sampling, the place of sampling, the type of
spmple (personal or static), either the identity of the individual whose breathing zone was sampled (or other
personakidentifier) or the location at which the general occupational environment was samplef (for a static
spmple), a very brief description of the work activities that were carried out during the sampling period, and
alunique sample identification code;

c) areference to this International Standard (1ISO 20552);

d) the make and type of sorbent tube and/or sampler used;

e) the make, type and diameter of filter used, if appropriate;

f) the make and type of sampling pump used, and its identification;

g) the make and type of flow meter used, the primary standard against which the calibration of the flow meter
was checked, the range of flow rates over which the calibration of the flow meter was checked, and the
atmospheric temperature and pressure at which the calibration of the flow meter was checked, if
appropriate;

h) the time at the start and at the end of the sampling period, and the duration of the sampling period in
minutes;
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the mean flow rate during the sampling period, in litres per minute;

the mean atmospheric temperature and pressure during the sampling period, if appropriate;

the volume of air sampled, in litres, at ambient conditions;

the name of the person who collected the sample;

the time-weighted average mass concentration of mercury vapour and/or particulate inorganic mercury
compounds, or total inorganic mercury (mercury and inorganic mercury compounds) found in the air sample
(in milligrams per cubic metre, mg m~3), at ambient temperature and pressure, or, if appropriate conditions,

adjusted

to reference conditions;

the analytical variables used to calculate the result, including the concentrations of mercury in the sample

and blan
NOTE If

sample.
the type(

the estim
analytica
requeste

any oper
the nams
the date

any inad

5) of instrument(s) used for sample preparation and analysis, and unique identifier(s);

conditions; the measurement uncertainty determined in accordance with the GUM
0 by the customer, quality control data;

htion not specified in this International Standard, or regarded as-optional;
of the analyst(s) or other unique identifier(s);
pf the analysis; and

ertent deviations, unusual occurrences or other notable observations.

solutions, the volumes of the sample and blank solutions, and the dilution factor, if applicab

the necessary data (e.g. the volume of air sampled) are not available to the laboratory for_the
calculations to be carried out, the laboratory report may contain the analytical result in microgramgof ‘mercu

ated instrumental detection limit, method detection limit and quantification limit under tPg]wc
an

€;

hbove
y per

rking
d, if
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Annex A
(informative)

Temperature and pressure correction

A.1 Temperature and pressure correction for the indicated volume flow rate of flow
meters

A.1.]
indep
the in
the c

A.1.2
drop,
equa

=

wher

e
e
i
i

A the
press
weat
(-0,
the a

Bubble flow meters are preferred for measuring the volume flow rate because the readings
endent of temperature and pressure. For other flow meters, it might be necessary to apply a
dicated volume flow rate if the temperature and pressure at the time of measurement|is diffe
blibration of the flow meter was checked.

A typical example of the need for a temperature and pressure correctionsis-when a cons
variable area, flow meter is used to measure the volume flow rate. In this”instance, use

ion to calculate a corrected air sample volume:
i p1 X 15
orr = Qv X T X T
.or s the calculated corrected air sample volumeyin litres;
T is the mean volume flow rate, in litres perminute;
is the duration of the sampling period, in minutes;
4 is the atmospheric pressure( in‘kilopascals, during calibration of the flow meter (see 8,
b is the mean atmosphericpressure, in kilopascals, during the sampling period;
[ is the temperature, in’ kelvin, during calibration of the flow meter (see 8.1.5);
[> is the mean-temperature, in kelvin, during the sampling period.
oretical calcdlation shows that a 5 % deviation in the air sample volume at the reference

ure of 101,3kilopascal occurs at 91,9 kPa and 112,2 kPa. Both these values are outsid
ner conditions at sea level, but this pressure difference corresponds to an altitude change of

kPat=> 8 m increased altitude) at normal atmospheric pressure at sea level. Similarly, a 5 9
r sample volume at the reference temperature of 293 K occurs at 264 K and 323 K.

they give are
correction to
rent to when

ant pressure
the following

1.5);

atmospheric
b the normal
about 800 m
b deviation in

A.1.3 Any other flow meter can also require a correction for variation in pressure and temperature. Follow the
manufacturer's instructions for such corrections.

©1S0

2007 — All rights reserved

17


https://standardsiso.com/api/?name=15104fb4275bbda8b347c7068bf9259d

ISO 20552:2007(E)

A.2 Recalculation of airborne mercury concentrations to reference conditions

If necessary (see 10.1.2.2), recalculate the mercury in air concentrations to reference conditions (e.g. 293 K
and 101,3 kPa) using the following equation:

y (101,3 x T3)
pHg, corr pHg (p2 « 293>
where
PHg, corr is_th

18

PHg

1>
D2
293

101,3

3

ference conditions;

tre, at

the concentration of mercury in the air sample, in milligrams per cubic metre{)at anmbient

cpnditions;

the mean temperature, in kelvins, during the sampling period;

the mean atmospheric pressure, in kilopascals, during the sampling period;

the reference temperature, in kelvins;

the reference atmospheric pressure, in kilopascals.
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mercury sorbent, consisting of gold-coated diatomaceous earth

quartz fibre wool

dimple to stop reagents

direction of air flow (to pump,.during sampling, or in instrument, during analysis)
carrying container including sample tube

glass tube

butyl rubber stopper.

0 polyethylene tube as sample tube protector
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Figure B.1 — Mercury sorbent tube
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