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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.

- tHS€6 O—6GEYVE1OP b GO CHTEH a11o hose—trtended v, i v vy "3‘ efratreée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the
bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedy
described i
different ty
editorial ru

Attention is|drawn to the possibility that some of the elements of this document may bé the subj¢ct of
patent rightss. ISO shall not be held responsible for identifying any or all such patént‘rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)| as well as information about ISO’s adherence to*the WTO principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISQOYTC 146, Air quality, Subcommittee $C 2,
Workplace dtmospheres.

This second edition cancels and replaces the first'edition (ISO 17733:2004), of which it constitutes a
minor revision. This edition corrects a typographical error in the title of 7.10.
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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 presents a method
for making valid exposure measurements for mercury and inorganic mercury compounds in use
in industry. It will be of benefit to: agencies concerned with health and safety at work; industrial
hygienists and other public health professionals; analytical laboratories; industrial users of mercury

and i

norganic mercury compounds and their workers, etc.

The |
King
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This
metH
(OSH

It ha
and
expe

procedure described in this International Standard is based upon a method published b
dom Health and Safety Executivelll, which was developed after a thorough reviewof s

procedure has been fully validated and the resulting back-up data are freely-available

A)[5 6] and the United States National Institute of Occupational Safety and Health (NI(

5 been assumed in the drafting of this International Standard thatthe execution of it

rienced people.

y the United
hmpling and

sis techniques available for determination of mercury and inorganic mercury,compoupnds in airl2l.

3,4], Similar

ods have been published by the United States Occupational Safety amd ‘\Health Adiinistration

SH)IZI.

5 provisions

the interpretation of the results obtained are entrusted:‘to appropriately qualified and
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Workplace air — Determination of mercury and inorganic
mercury compounds — Method by cold-vapour atomic
absorption spectrometry or atomic fluorescence
spectrometry
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[nternational Standard specifies a procedure for determination of the time-weighted a
entration of mercury vapour and inorganic mercury compounds in workplaceait. Mer
|lected on a solid sorbent using either a diffusive badge or a pumped serbent tube
fanic mercury compounds, if present, are collected on a quartz fibre filter. Samples 4
r either cold vapour atomic absorption spectrometry (CVAAS) or cold vapour atomic f
frometry (CVAFS) after acid dissolution of the mercury collected.

International Standard is applicable to the assessment of persenal exposure to mer
pr particulate inorganic mercury compounds in air for coniparison with long-term o
sure limits for mercury and inorganic mercury compounds.and for static (area) sampl

ower limit of the working range of the procedure is the quantification limit. This is
e sampling and analysis methods selected by the-user, but it is typically in the rang
ug of mercury (see 13.1). The upper limit of thexWorking range of the procedure is de
apacity of the diffusive badge, sorbent tube or filter used for sample collection, but
b of mercury (see 13.2). The concentration‘@ange of mercury in air for which this I
lard is applicable is determined in part by the sampling method selected by the user,
ndent on the air sample volume.

Hiffusive badge method is not applicable to measurements of mercury vapour wher
ent in the atmosphere, e.g. in chloralkali works, but chlorine does not interfere with
ent tube method (see 13:2.1). Gaseous organomercury compounds could causg
ference in the measuremeént of mercury vapour (see 13.12.2). Similarly, particulate org

verage mass
cury vapour

Particulate
re analysed
luorescence

Cury vapour
- short-term
ng.

determined
e 0,01 pg to
termined by
it is at least
hternational
but it is also

| chlorine is
the pumped
a positive
hnomercury

compounds and gaseous orgahomercury compounds adsorbed onto airborne particles could cause a

posit

2

The
indig
refen

Normativereferences

ive interference in the measurement of particulate inorganic mercury compounds (seg

following _documents, in whole or in part, are normatively referenced in this docunj
pensable” for its application. For dated references, only the edition cited applies. |
ences; the latest edition of the referenced document (including any amendments) appl

b 13.12.3).

ent and are
For undated
es.

ISO 678, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 3585, Borosilicate glass 3.3 — Properties

[SO 3696:1987, Water for analytical laboratory use — Specification and test methods

ISO 7708:1995, Air quality — Particle size fraction definitions for health-related sampling

ISO 8655-1, Piston-operated volumetric apparatus — Part 1: Terminology, general requirements and user
recommendations

[SO 8655-2, Piston-operated volumetric apparatus — Part 2: Piston pipettes
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[SO 8655-5,

:2015(E)

Piston-operated volumetric apparatus — Part 5: Dispensers

ISO 8655-6, Piston-operated volumetric apparatus — Part 6: Gravimetric methods for the determination
of measurement error

EN 13205:2002, Workplace atmospheres — Assessment of performance of instruments for measurement of
airborne particle concentrations

3 Terms

and definitions

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

3.1 Gene

3.1.1

chemical ag
any chemicd
by any work

Note 1 to ent
the health an

[SOURCE: E]

3.1.2
breathing 7
<general> s}

3.1.3
breathing 7
<technical>

centred on {]
head and th

Note 1 to ent
[SOURCE: A

314
exposure
<by inhalati

3.1.5
measuring
procedure f]

ral definitions

rent
p
| element or compound, on its own or admixed as it occurs in the natural state or as prod

'y: This definition is taken from the “Council Directive 98/24/EC of 7 April 1998 on the protect|
d safety of workers from the risks related to chemical agents at work®.

N 154018]]

one
bace around the worker’s face from where he orshe takes his or her breath

one

hemisphere (generally accepted to be 0,3 m in radius) extending in front of the human
he midpoint of a line joining the ears;whose base is a plane through this line, the top ¢
e larynx

Fy: This definition is not applicable' when respiratory protective equipment is used.

lapted from EN 1540[8]]

pn> situation.jn which a chemical agent is present in air which is inhaled by a person

procedure
pr sampling and analysing one or more chemical agents in the air, including storagg

transportat

activity, whether or not produced intentionally and whether or not placed on the marl

aon-of the sample

3.1.6
operating t

ime

uced
et

on of

face,
f the

and

<of a sampling pump> period during which a sampling pump can be operated at specified flow rate and

back-pressu

re without recharging or replacing the battery

[SOURCE: EN 1232([9]]

3.1.7

time-weighted average concentration
TWA concentration
concentration of a chemical agent in the atmosphere, averaged over the reference period

Note 1 to entry: A more detailed discussion of TWA concentrations has been published by the American
Conference of Government Industrial Hygienists (ACGIH)[10],

2
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3.1.8
limit value
reference figure for concentration of a chemical agent in air

3.1.9
reference period
specified period of time stated for the limit value of a specific chemical agent

Note 1 to entry: Examples of limit values for different reference periods are short-term and long-term exposure
limits, such as those established by the ACGIH[10],

3.1.10
worlltplace
defirjed area or areas in which work activities are carried out

[SOURRCE: EN 154018l]

3.2 | Particle size fraction definitions

3.2.1
inhallable convention
targgt specification for sampling instruments when the inhalableAfraction is of interest

[SOURCE: ISO 7708:1995, 2.4]

3.2.2
inhallable fraction
masq fraction of total airborne particles which is inhaled through the nose and mouth

Note [l to entry: The inhalable fraction depends on:thé speed and direction of air movement, on bfeathing rate
and dther factors.

[SOURCE: ISO 7708:1995, 2.3]

3.2.3
tota] airborne particles
all particles surrounded by airin‘a given volume of air

Note|l to entry: Because allFmeasuring instruments are size-selective to some extent, it is often Jmpossible to
measpure the concentration-oftotal airborne particles.

[SOURCE: ISO 7708:1995, 2.13]

3.3 | Sampling definitions

3.3.1
diffysive badge

dosimeter

badge-type diffusive sampler
passive badge

diffusive sampler in which the gas or vapour passes to the sorbent by permeation through a thin solid
membrane or diffusion across a porous membrane

Note 1 to entry: The cross-sectional area of a diffusive badge is large in relation to the internal air gap.

3.3.2

diffusive sampler

passive sampler

device which is capable of taking samples of gases or vapours from the atmosphere at a rate controlled
by a physical process such as gaseous diffusion through a static air layer or permeation through a
membrane, but which does not involve the active movement of air through the sampler

© IS0 2015 - All rights reserved 3
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[SOURCE: EN 838I11]]

3.3.3

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

[SOURCE: EN 1540I(8]]

3.3.4

personal sampling
process of sampling carried out using a personal sampler

[SOURCE: E]

3.3.5
sampler
device for c

Note 1 to ent
terms, e.g. sa

3.3.6
pumped so

N 154018]]

llecting airborne particles

ry: Instruments used to collect airborne particles are frequently referred to by a number of
npling heads, filter holders, filter cassettes, etc.

'bent tube

other

tube, usually made of metal or glass, containing an active sorbent @ér)reagent-impregnated support,

through wh
[SOURCE: El

3.3.7

static samp
area sampl
device, not 4

3.3.8

static samp
area sampl
process of a

3.4 Analy

3.4.1
blank solut]
solution pre

ch sampled atmosphere is passed at a rate controlled by'an air sampling pump

N 1076[12]]

ler
er
ttached to a person, that samples air in @particular location

ling
ing
r sampling carried out usinga static sampler

rtical definitions

ion
pared by taking a reagent blank, laboratory blank or field blank through the same procg

used for sample prepapation

3.4.2
calibration

blank solution

dure

calibration solution prepared without the addition or any working standard solution

Note 1 to entry: The concentration of mercury in the calibration blank solution is taken to be zero.

3.4.3
calibration

solution

solution prepared by dilution of the working standard solution, containing mercury at a concentration
that is suitable for use in calibration of the analytical instrument

Note 1 to entry: The technique of matrix-matching is normally used when preparing calibration solutions.

© ISO 2015 - All rights reserved
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3.4.4

field blank

sorbent capsule, filter or sorbent tube that is taken through the same handling procedure
except that it is not used for sampling

as a sample,

Note 1 to entry: For the purposes of this International Standard, the field blank is loaded into a diffusive badge,
sampler or sorbent tube holder, transported to the sampling site and then returned to the laboratory for analysis.

3.4.5
laboratory blank

unused sorbent capsule, filter or sorbent tube, taken from the same batch used for sampling, that does

not leavethelaboratery

3.4.6
linegr dynamic range
rangg of concentrations over which the calibration curve for mercury is linear

Note|[l to entry: The linear dynamic range extends from the detection limit to the ounset of calibratig

3.4.7
matrix interference

matrix effect

non-spectral interference

interfference of a non-spectral nature caused by a difference-between the matrices of the
and flest solutions

3.4.9
matrix-matching

technique used to minimize the effect of matrix interferences on analytical results, i
prepparation of calibration solutions in which thé’concentrations of acids and other major
matdhed with those in the test solutions

3.4.

reagent blank

combination of all reagents used in sample dissolution, in the same quantities used for pr
labofatory blank, field blank and.sample solutions

3.4.10

sample dissolution
process of obtaining a\solution containing mercury from a sample, which might or might
complete dissolution.6f the sample

3.4.11

sample preparation

all operations carried out on a sample, after transportation and storage, to prepare it
including transformation of the sample into a measurable state, where necessary

n curvature.

calibration

volving the
solutes are

eparation of

not involve

for analysis,

3.4.12
sample solution
solution prepared from a sample by the process of sample dissolution

Note 1 to entry: A sample solution might need to be subjected to further operations, e.g. dilution, in order to

produce a test solution that is ready for analysis.

3.4.13

stock standard solution

solution, used for preparation of the calibration solutions, containing mercury at
concentration that is traceable to national standards

© ISO 2015 - All rights reserved
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test solution
blank solution or sample solution that has been subjected to all operations, including dilution, required
to bring it into a state in which it is ready for analysis

Note 1 to entry: The blank test solution is the blank solution and the sample test solution is the sample solution, if
these solutions are not subjected to any further operations before analysis.

3.4.15

working standard solution
solution, prepared by dilution of the stock standard solution, that contains mercury at a concentration

that is bettes

n the

stock stand;:

3.5 Statig

3.5.1
analytical 1
ratio of the
sample

Note 1 to ent

3.5.2
bias

r c-nlfnr] fr\ hvonf\r'\flnn of calibration colutionce than tha concantration Af rharceyg 1
| S b J

O T O Cor o T ot o T Ot tr oot ot et orrc e rrerortroorrrre oo

tical terms

ecovery
mass of analyte measured when a sample is analysed to the known mass of analyte i

Fy: It is expressed as a percentage.

consistent deviation of the measured value from the value of the\dir quality characteristic itself, g

accepted ref

3.5.3

overall unc
<of a meas
uncertainty

Note 1 to ent
formula:

‘X T Xref]

X
re

where
X  isth|
Xref

s is th

erence value

ertainty
uring procedure or of an instrument>) quantity used to characterize as a wholg
of a result given by an apparatus or measuring procedure

I'y: It is expressed, as a percentage,\by a combination of bias and precision, usually according {

e mean value©fresults of a number (n) of repeated measurements;

is the true othaccepted reference value of the measurement;

e standard deviation of the measurements.

that

r the

b the

o the

I 14
T

[SOURCE: E

3.54
precision

Qol 11
O ZT+7T]

closeness of agreement between independent test results obtained under stipulated conditions

3.5.5
true value

value which characterizes a quantity perfectly defined in the conditions which exist when that quantity

is considere

d

Note 1 to entry: The true value of a quantity is a theoretical concept and, in general, cannot be known exactly.

© ISO 2015 - All rights reserved
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3.5.6

uncertainty

<of measurement> parameter associated with the result of a measurement that characterizes the
dispersion of the values that could reasonably be attributed to the measurand

Note 1 to entry: The parameter might be, for example, a standard deviation (or a given multiple of it), or the width
of a confidence interval.

Note 2 to entry: Uncertainty of measurement comprises, in general, many components. Some of these
components can be evaluated from the statistical distribution of the results of series of measurements and can
be characterized by standard deviations. The other components, which also can be characterized by standard
deviations, are evaluated from assumed probability distributions based on experience or other information.
ISO/IEC Guide 98-3:2008 (hereafter referred to as the “GUM")[1Z] refers to these different cases.gs Type A and
Type|B evaluations of uncertainty, respectively.

[SOURCE: ISO/IEC Guide 99:2007 (also known as the “VIM”)[16]]

4 Principle

Merdury vapour is collected either actively or passively. Active sampling involves drawing a known
e of air through a sorbent tube using a pump, while passive satpling relies upon the principle of
controlled diffusion into a badge. In both the pumped and diffusive sampling methods, mergury vapour
entering the sampling device is collected on a proprietary solidsorbent that is widely known as Hydrar

(see B.1.2) but is currently marketed as Anasorb C 300

Diffefrent sampling methods are used depending on the spetific application

a) Ifitis known that no particulate inorganic mercury compounds are present in the test sgtmosphere,
mercury vapour is collected using a diffusive-badge or by drawing a known volume of qir through a
jorbent tube using a pump.

b) If it is known that no mercury vapour-is present in the test atmosphere, particulate inorganic
mercury compounds are collected:By drawing a known volume of air through a quartg fibre filter
mounted in a sampler designed to collect the inhalable fraction of airborne particles, gs defined in
[SO 7708, using a pump.

c¢) A pumped sorbent tube-is/also used for sampling air that contains both mercury |vapour and

particulate inorganic-mercury compounds. The sorbent tube, which collects mercur
preceded by a quargz.fibre filter to collect particulate inorganic mercury compounds,
do not make upca-significant proportion (e.g. > 10 %) of the total inorganic mercu
rapour and particulate inorganic mercury compounds) present in the test atmosphere

y vapour, is
inless these
'y (mercury
(see 10.1.3).

id and 2 ml
at 50 °C for
golution in a
Cury vapour
gas into the
measurement cell of an atomlc absorptlon spectrometer or an atomlc fluorescence spectrometer
equipped with a mercury hollow cathode lamp or electrodeless discharge lamp. Absorbance or
fluorescence measurements are made at 253,7 nm and analytical results are obtained by the analytical
curve technique (see ISO 6955:1982, 6.1[18]).

The results may be used for the assessment of workplace exposure to mercury vapour, inorganic
mercury compounds or total inorganic mercury (see EN 689[19]).

5 Interferences

The diffusive badge method is unsuitable for making measurements of mercury vapour when chlorine

is present in the atmosphere, e.g. in chloralkali works. However, chlorine does not interfere with
the pumped sorbent tube method (see 13.12.1). Gaseous organomercury compounds could cause a
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positive interference in the measurement of mercury vapour (see 13.12.2). Particulate organomercury
compounds contained within airborne particles and gaseous organomercury compounds adsorbed
onto airborne particles could cause a positive interference in the measurement of particulate inorganic
mercury compounds (see 13.12.3). Spectral interferences are not significant when measuring mercury
by CVAAS using the procedure described in this International Standard and they do not occur when

measuring mercury by CVAFS (see 13.12.4).

6 Requirement

The measurement procedure shall comply with any relevant international, European or national

standard tl;larsp?cfﬁemmh—mvwdmwﬁn—maths in
workplace dir (e.g. ISO 9169[13]).

7 Reagents

During the gnalysis, use only reagents of recognized analytical grade and only water as specified ip 7.1.
7.1 Water, complying with the requirements for ISO 3696 grade 2 water (eléctrical conductivity less
than 0,1 mS{m-1 and resistivity greater than 1 MQ-cm at 25 °C).

It is recominended that the water used be obtained from a water purification system that deljivers
ultrapure wpter having a resistivity greater than 18 MQ.cm.

7.2 Nitridacid (HNO3), concentrated, p ~1,42 g-ml-1, mass fraction ~70 %.

The concenffration of mercury shall be less than 0,002 mg-l51.

WARNING + Concentrated nitric acid is corrosive and oxidizing, and nitric acid fumes are irritant.
Avoid contact with the skin or eyes, or inhalation of fumes. Use suitable personal protegtive
equipment|(including gloves, face shield or safety glasses, etc.) when working with nitric pcid,
and carry gut sample dissolution with concentrated nitric acid in open vessels in a fume hoodl.
7.3 Nitridacid, diluted 1:9.

Add approx]mately 700 ml of water-(7.1) to a 1 000 ml one-mark volumetric flask (8.3.1.4). Cargfully
add 100 ml|of concentrated nitric/acid (7.2) to the flask and swirl to mix. Allow to cool, dilute tp the
mark with water, stopper and'mix thoroughly.

7.4 Hydrgchloric acid{HCl), concentrated, p ~1,18 g-ml-1, mass fraction ~36 %.

The concenfration.ofmercury shall be less than 0,002 mg-I-1.

WARNING

—."Concentrated hydrochloric acid is corrosive and hydrochloric acid vapouyrr is
irritant. Avmh_mwmmmu@mniuumamgpﬂ!onal

protective equipment (including gloves, face shield or safety glasses, etc.) when working with
hydrochloric acid. Handle open vessels containing concentrated hydrochloric acid in a fume
hood. The vapour pressure of hydrochloric acid is high, therefore beware of pressure build-up in
stoppered flasks when preparing hydrochloric acid/water mixtures.

7.5 Nitric acid and hydrochloric acid, diluted 1:1:23.

Add approximately 700 ml of water (7.1) to a 1 000 ml one-mark volumetric flask (8.3.1.4). Carefully
add 40 ml of concentrated nitric acid (Z.2) and 40 ml of concentrated hydrochloric acid (7.4) to the flask
and swirl to mix. Allow to cool, dilute to the mark with water, stopper and mix thoroughly.

NOTE This reagent is only required for analysis of sorbent tube samples.
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Nitric acid and hydrochloric acid, diluted 2:2:21.

Add approximately 700 ml of water (7.1) to a 1 000 ml one-mark volumetric flask (8.3.1.4). Carefully
add 80 ml of concentrated nitric acid (Z.2) and 80 ml of concentrated hydrochloric acid (7.4) to the flask
and swirl to mix. Allow to cool, dilute to the mark with water, stopper and mix thoroughly.

NOTE

7.7

This reagent is only required for analysis of diffusive badge samples.

Tin(II) chloride dihydrate (SnClz-2H0).

The concentration of mercury shall be less than 10 pg-kg-1.

Tin(]
chlof

7.8

Weig
cove
one-}
Prep

7.9

Use
stan

WAR
with

A std
How
soluf]

7.10
Accu

(8.3.]
thor

7.11

[rately pipette 0,5 ml of/stock mercury standard solution (79) into a 50 ml volu

[) chloride of a lower purity may be used if mercury contamination is removed ffoy
ide solution before use by bubbling through nitrogen or clean air.

Tin(II) chloride solution, p = 10 g1-1.

h 10 g of tin(II) chloride (7.7) into a 500 ml beaker (8.3.1.1), add 30 mhof hydrochlor
" with a watchglass and leave for approximately 15 min until dissolyed. Transfer to
mark volumetric flask (8.3.1.4), dilute to the mark with water (21} stopper and mix
are this solution fresh on the day of use.

Stock mercury standard solution, p =1 000 mg-1-1.

h commercial standard solution with a certified mércury concentration traceable
lards. Observe the manufacturer’s expiration date@r recommended shelf life.

NING — Mercury compounds are toxic by.skin absorption. Take great care wh
solutions containing mercury to avoid skin contamination.

ck mercury standard solution with a different concentration of mercury may be use

ion A (7.10) and mercury standard'solution B (7.11) shall be adjusted accordingly.

Working mercury standard-solution A, p = 10 mg-1-1.

[.4). Add 1 ml of concentrated nitric acid (7.2), dilute to the mark with water (7.1), stop
ughly. Prepare this-solution fresh weekly.

Working mercury standard solution B, p = 1 mg-1-1.

Accurately pipétte 5 ml of working mercury standard solution A (7.10) into a 50 ml voluy
(8.3.1.4).Add 1 ml of concentrated nitric acid (7.2), dilute to the mark with water (7.1), stop
thorgughly. Prepare this solution fresh weekly.

n the tin(II)

ic acid (7.4),
alo000ml
thoroughly.

to national

en working

1, if desired.

ever, in such circumstances, the volumes of solution used to prepare working mercufry standard

metric flask
per and mix

metric flask
per and mix

7.12

Laboratory detergent solution.

Dilute a laboratory grade detergent, suitable for cleaning of samplers and labware, with water (7.1)
according to the manufacturer’s instructions.

7.13 Argon, suitable for use in cold vapour atomic absorption spectrometry or cold vapour atomic

fluor
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8 Apparatus

8.1 Sampling equipment for diffusive sampling

8.1.1 Diffusive badges, lightweight, reusable, designed to be used with sorbent capsules (8.1.2) for
diffusive sampling of mercury vapour (see 10.3.1).

NOTE

design of these badges is illustrated as an exploded diagram in Figure 1.

8.1.2 Sorbent capsules, suitable for sampling of Mercury vapour when used in diffusive b3

(8.1.1), cont
resealed aftq

NOTE1  H)
sorbent tube
mixture of cg

the trade naine Carulite 300, primarily for use as an industrial catalyst. SKC uses Caiulite 300 in its dif

badges and p
Anasorb C 30

Hopcalite ha
mercury vap
acid used in
residue of ce]
has to be rem

NOTE2 M
absorbed by {
cleaned and 1

NOTE3 Si
sorbent may

aining 800 mg of Hydrar (Anasorb C 300), supplied in sealed plastic pouches that’c:
br sampling to prevent contamination during transport and storage.

drar is a name previously given by SKC Inc. to the sorbent used in the diffusive badges and pu
5 it manufactures for sampling mercury vapour. Hydrar is a granular prepardtion of hopca
pper and manganese oxides) deposited on a ceramic substrate. It is manufactured by Carus

limped sorbent tubes, after grinding to a suitable mesh size, and it currently refers to this sorb
ob.

been shown to have an irreversible affinity for mercury and te-be a suitable sorbent for san
pur in airl20 21], Hopcalite is completely dissolved by the migture of nitric acid and hydroc
he sample dissolution method (11.4.1), yielding a clear blug/green solution. However, an ins
amic substrate remains after treatment of Anasorb withtacid, resulting in a milky suspension|
oved before analysis by centrifugation or filtration.

ercury vapour enters the diffusive badges by positively controlled diffusion. It is then irreve
he Anasorb C 300 contained in the sorbent capsitle. No sampling pump is required. Samplers ¢
eused with new sorbent capsules.

milar diffusive badges and corresponding.sorbent capsules packed with Anasorb C 300 or a si
be used if it can be demonstrated thatthey give equivalent performance.

ite (a
nder

Diffusive badges suitable for sampling of mercury vapour are commercially availablel22, 23]. The

dges
n be

mped

usive
bnt as

pling
hloric
luble
This

rsibly
an be

Imilar

1) Anasorb C 300 is the trade name of a product supplied by SKC Inc. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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ampler housing
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lemovable back cover

Figure I'= Mercury diffusive badge

Sampling equipment fer pumped sampling

Sorbent tubes, glass, containing a single section of 200 mg or 500 mg of Ana
b-sealed at each end; with plastic end caps, for pumped sampling of mercury \
1.1.1 and 10.4.1¢1,3).

NOTH
stand
200 1
exter
for sg

1  Two typéesof sorbent tube packed with Anasorb C 300 are commercially available[24, 25]
ard tube is\Z0 mm long, with an external diameter of 6 mm and an internal diameter of 4 mm,
hg of Anaserb C 300 granules retained by small glass wool plugs. The larger tube is 110 mm
nal digmeter of 8 mm and an internal diameter of 6 mm. It contains 500 mg of Anasorb C 300 afj
mpling at higher air flow rates, in order to measure low concentrations of mercury, or for sho

sorb C 300,
rapour (see

The smaller,
and contains
long, with an
d is intended
ter sampling

s{<1 h). The construction of these sorbent tubes isillustrated in Figure 2. Similar sorbent tube

perio

b packed with

Anasorb C 300 or a similar sorbent may be used if it can be demonstrated that they give equivalent performance.

NOTE 2

Sorbent tubes containing Anasorb C 300 have a lower mercury content than sorbent tubes containing

hopcalite. This lowers the method detection limit and reduces the minimum air sample volume that can be used.
On the other hand, Anasorb C 300 has the disadvantage that it is more friable than hopcalite. This means that it
is liable to be pulverized if handled roughly, and poor grades of Anasorb C 300 have a high proportion of “fines”.
These can cause problems by clogging the glass wool plugs of the sorbent tubes, reducing the achievable air

samp
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ling rates.
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L
Key
1 flame-sepled end through which the sampled air is drawn after tip is broken
2 metal wire spring-clip holding glass wool plug in place
3 Anasorb|C 300 sorbent
4  flame-sepled end to which suction is applied after tip is broken
5 glass wopl plug

Figure 2 —Mercury sorbent tube

8.2.2 Sorbent tube holders, suitable-for use with the sorbent tubes (8.2.1), designed so thaft the
internal surfaces have minimal conta¢t with sampled air in order to reduce the risk of loss of mercury
vapour by surface adsorption, and so that when assembled, the tube and holder do not allow any ledkage
of sampled 3ir.

8.2.3 Sorbent tube and-prefilter assemblies, consisting of a quartz-fibre filter (8.2.6) mounted in a
plastic sampling cassette(8.2.4) or an inhalable sampler (8.2.5) connected to the inlet of the sorbentjtube
(8.2.1) with{a minimuwm length of inert plastic tubing, e.g. polytetrafluoroethylene (PTFE) or modified
polyvinyl chloride~tubing, for sampling of mercury vapour in the presence of high concentratiops of
airborne pafticles (see 10.4.1.1.1) or sampling of mercury vapour and particulate inorganic mefcury
compounds {see10.4.1.1.3).

NOTE Sorbent tube and prefilter assemblies are only necessary if the concentration of airborne particles
could be sufficiently high that there is a risk of blockage of the glass wool plugs that retain the Anasorb C 300
sorbent in the tubes (see 10.4.1.1.1), or if it is believed that particulate inorganic mercury compounds could
make up a significant proportion (e.g. > 10 %) of the sum of mercury vapour and particulate inorganic mercury
compounds present in the test atmosphere (see 10.4.1.1.3).

8.2.4 Sampling cassettes, plastic, disposable, for mounting quartz-fibre filters (8.2.6) to form part of
sorbent tube and prefilter assemblies (8.2.3) for sampling of mercury vapour in the presence of high
concentrations of airborne particles (see 10.4.1.1.1).

8.2.5 Samplers, designed to collect the inhalable fraction of airborne particles (as defined in ISO 7708),
complying with EN 13205, for mounting quartz-fibre filters (8.2.6) for sampling of particulate inorganic
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mercury compounds in the absence of mercury vapour (see 10.4.1.1.2), or for mounting quartz-fibre
filters (8.2.6) to form part of sorbent tube and prefilter assemblies (8.2.3) for sampling of mercury
vapour and particulate inorganic mercury compounds (see 10.4.1.1.3).

If possible, the samplers should be manufactured from conducting material, since samplers comprised
of non-conducting material have electrostatic properties that can influence representative sampling.

The operating instructions supplied by the sampler manufacturer should be consulted to find out
whether particulate matter deposited on the internal surfaces of the sampler forms part of the sample.

NOTE 1

exhih

it the same size-selective characteristics ifused for static (area) sampling

In general, personal samplers for collection of the inhalable fraction of airborne particles do not

NOTH

any |
samp
convg
the s
bere

8.2.6
samyj

2 Some inhalable samplers are designed to collect the fraction of airborne particles.ona
articulate matter deposited on the internal surfaces of the sampler is not of interest! Ot
lers are designed such that airborne particles that pass through the entry orifice(s) match
ntion, in which case particulate matter deposited on the internal surfaces of the.sampler doe
hmple. (Samplers of this second type generally incorporate an internal filter cdssette or carty
moved from the sampler to enable this material to be easily recovered.)

Filters, quartz fibre, of a diameter suitable for use in the sampling cassettes (8.2.4)
lers (8.2.5), with a collection efficiency of not less than 99,5 % for particles with a 0,3

diamfeter (see ISO 7708:1995, 2.2).

NOTH
from
for cq
succe
for c
signi
were

8.2.7
(see

NOTH

Quartz-fibre filters have been shownl[4] to have low mercury blanks and not to absorb me

llecting samples of particulate inorganic mercury compounds. Mixed cellulose ester filters hg
ssfully as prefilters, but it is necessary to use a different procedurel6] for their analysis if t
llecting samples of particulate inorganic mercurghcompounds. It has been reported[26] that
icant loss of mercury vapour if mixed cellulosg’ester filters are used as prefilters. However
not reproduced in subsequent workI[27],

Sampling pumps, with an adjustable flow rate, capable of maintaining the select
10.4.1.1) to within * 5 % of the nominal value throughout the sampling period (see 10.4

1

For j

personal sampling, the (pumps shall be capable of being worn by the worker witho

filter, so that
her inhalable
the inhalable

form part of
idge that can

or inhalable
im diffusion

rcury vapour

the sampled air or mercury from sample solutions. They are therefore suitable for use as prefilters and

ve been used
hey are used
there can be
these results

cd flow rate
.1.2).

A flow-stabilized pump may be required to maintain the flow rate within the specified ljmits.

it impeding
primary or
standard.

anging back

the air flow

the pump if

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

a screwdriver) or requires special knowledge for operation (e.g. via software), so as to preclude

i

nadvertent readjustment of the flow rate during use.

An integral timer is a highly desirable additional feature.

NOTE 2

i

© ISO

EN 1232[9] requires that the performance of the pumps be such that

the pulsation of the flow rate does not exceed 10 %,

ncreasing back-pressure,
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conditions does not deviate by more than + 5 % from the flow rate at 20 °C,

the flow

the operating time is at least 2 h and preferably 8 h, and

rate does not deviate by more than * 5 % from the initial value during the operating time.

within the range of ambient temperatures from 5 °C to 40 °C, the flow rate measured under operating

If the sampling pump is used outside the range of conditions specified in EN 1232,[9] appropriate action is to be
taken to ensure that the performance requirements are met. For instance, at sub-zero temperatures it might be

necessary to

keep the pump warm by placing it under the worker’s clothes.

8.2.8 Flowmeter, portable, with an accuracy that is sufficient to enable the volumetric flow rate (see

10.4.1.1) to

The calibrat
accuracy is
and pressurj

It is advis{
within £ 2 ¢

8.2.9 Anc

8.2.9.1 FIq
the samplin

8.2.9.2 B¢
sampling (e]

be measured to within + 5 %.

ion of the flowmeter shall be checked against a primary standard, i.e. a flowmeter w
traceable to national standards. If appropriate (see 10.2.2), the atmospheric.temper;
e at which the calibration of the flowmeter is checked shall be recorded.

ble to use a flowmeter that is capable of measuring the volumetric flow raf
0 or better.

llary equipment

bxible tubing, of a diameter and length suitable for making a leak-proof connection bet
b pumps and the sorbent tubes and/or the samplers.

Its or harnesses, to which the sampling pumps* can conveniently be fixed for per
xcept where the sampling pumps are small enough to fit inside worker’s pockets).

8.2.9.3 Fojrceps, flat-tipped, for loading and unloading of filters and sorbent capsules into and g

samplers.

8.2.9.4 Fil
8.2.9.5 B4
8.2.9.6 TH

ter transport cassettes, or similat, if required to transport samples for laboratory ana
rometer, suitable for measurement of atmospheric pressure, if required (see 10.2).

ermometer, minimyum temperature range of 0 °C to 50 °C, with graduated divisions o

or less, for nheasurement of afatospheric temperature, if required (see 10.2).

For applicaf
appropriate

8.3 Labo

ions at temperatures below freezing, the range of the thermometer shall extend t
desired rarige.

ratory apparatus

hose
iture

e to

iwveen

conal

ut of

ysis.

1 °C

b the

Ordinary la

oratory apparatus and the following.

8.3.1 Glassware, made of borosilicate glass 3.3 and complying with the requirements of ISO 3585.

It is preferable to reserve a set of glassware for analysis of mercury by this method in order to ensure
that problems do not arise from incomplete removal of mercury contamination by cleaning.

8.3.1.1 Beaker, 500 ml capacity.

8.3.1.2 One-mark pipettes, complying with the requirements of ISO 648.

8.3.1.3 Measuring cylinders, of capacities between 10 ml and 1 000 ml.

14

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=60a79293cd8e301af15599cc6b4d8566

ISO 17733:2015(E)

8.3.1.4 One-mark volumetric flasks, of capacities between 50 ml and 1 000 ml, complying with the
requirements of ISO 1042.

8.3.2 Centrifuge tubes, disposable, with screw caps or push-fit closures, suitable for performing the
sample dissolutions described in 11.3.1 and 11.4.1.

The tubes shall have graduations at 25 ml capacity if sorbent capsule samples are to be analysed, and at
50 ml if sorbent tube samples are to be analysed. The graduations shall be accurate to = 5 %. The tubes
shall be free of mercury contamination. The plastic shall be demonstrated to resist the acid digestion
process and not to affect the recovery of mercury from spiked sorbent tubes.

NOT If sample solutions are to be filtered, the tubes used need not be centrifuge tubes.

8.3.3 Piston-operated volumetric instruments, complying with the requirements)of ISQ 8655-1 and
tested in accordance with ISO 8655-6:

a) pipettors, complying with the requirements of ISO 8655-2, as an alternative to one-mgrk pipettes,
or the preparation of standard solutions, calibration solutions and difution of samples

b) dispensers, complying with the requirements of ISO 8655-5, for dispénsing acids.
8.3.4 Glass-cutting equipment, for opening sorbent tubes.

8.3.4.1 Special tool, commercially available, for breaking-the sealed ends of the sorbent tubes and
retaihing the broken glass shards produced.

Alternatively, a glass-cutting knife may be used.

8.3.4.2 Glass-cutting wheel, designed for scoring glass tubing, for breaking open sorbent|tubes.
Alternatively, a glass-cutting knife may betused.

Rubler grips designed for safely breaking glass tubing are also advisable.

8.3.§ Water bath, thermostatically controlled, capable of maintaining a temperature of agproximately
50°(¢ (see 11.3.1.3 and 11.4.1.5).

8.3.4 Centrifuge, equipped with rotor buckets suitable for use with the centrifuge tubes (B.3.2).
8.3.7 Analytical balance, capable of weighing to an accuracy of + 0,1 mg.

8.3.8 Disposable gloves, impermeable, for prevention of contamination and to protect th¢ hands from
contctwith toxic and corrosive substances.

PVC gloves are suitable.

8.3.9 Tweezers, pointed, and/or a needle or short length of wire, or other suitable tools, for removing
glass wool plugs from sorbent tubes and screens from sorbent capsules.

8.3.10 Filter funnels, polypropylene, of a size suitable for use in transferring washings from the
internal surfaces of an inhalable sampler (8.2.5) into a centrifuge tube (8.3.2), if required (see third
paragraph in 11.4.1.4).
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8.4 Analytical instrumentation

8.4.1 Spectrometer, either 8.4.1.1 or 8.4.1.2.

8.4.1.1 Atomic absorption spectrometer, equipped with a mercury hollow cathode lamp,
electrodeless discharge lamp or low pressure mercury vapour lamp.

8.4.1.2 Atomic fluorescence spectrometer, designed for mercury analysis.

NOTE Atomic fluorescence spectrometers used for mercury analysis are usually part of dedicated systems
designed sol¢ly for mercury anatysts, or dual-purpose SySTens designed for anatysis of mercury and nydride-
forming elements such as arsenic, antimony, selenium, etc.

8.4.2 Merfcury cold-vapour generation system, either 8.4.2.1 or 8.4.2.2.

8.4.2.1 Flow injection analysis system (see Figure 3), set up for mercury cold-vapour generation and
operated acfording to the manufacturer’s instructions, incorporating

a) reservojrs for tin(Il) chloride solution and acid blank,
b) multi-channel peristaltic pumps, fitted with appropriate acid-resistafit pump tubing,
c) anautogampler for presentation of the test solution,

d) an inerfinjection valve, either solenoid or pneumatically actuated, to inject a reproducible volume
of test splution into the acid blank stream,

e) chemicdlly inert mixing piece(s) to facilitate mixing>of acid blank or test solution, tin(II) chlpride
solution] and inert purge gas streams,

f) areactipn coil (optional), and

g) agas/lifuid separator with an inlet for the reaction liquid stream and outlets for waste liquid and
the purge gas plus gaseous products, A schematic diagram of a typical system is given in Figuie 3.
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4cid blank 9 VAAS measurement cell
$nClp 10 gas/liquid separator
ump 1 11 argon

:[ump 2 12 FIA valve in fill position
yvaste 13 FIAvalve in injection position

flow injection valve with sample loop
see inset diagram for valve positions)

Figure 3 — Schematic diagram of a typical flow injection CVAAS system

8.4.24.2 Continuous-flow (see Figure 4) or discrete injection mercury cold-vapour generation
systeém (see Figure 5), set up and operated according to the manufacturer’s instructions, incprporating

a)
b)

A

d)

f)
g)

feservoirs for tin(Il) chloride solution and acid blank,

3n autosampler for presentation of the test solution (optional),

A Tt oot g valunlc) calanoasd o i ot
aAll 11IICI U OVvy l\,\(llllls VulV\'LJJ, SUICITIVUIU UL Pll\,ulllul—

sample and acid blank streams (optional),

ically-actuatedtofacilitate—switehing between
peristaltic pumps or a multi-channel peristaltic pump, fitted with appropriate acid-resistant pump
tubing,

chemically inert mixing piece(s) to facilitate mixing of acid blank or test solution, tin(II) chloride
solution and inert gas streams,

areaction coil (optional), and

a gas/liquid separator with appropriate inlets for the reaction liquid stream and inert purge gas,
and outlets for waste liquid and the purge gas plus gaseous products.
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Figure 4=<Schematic diagram of a typical continuous flow CVAAS system
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Figure 5 — Schematic diagram of a typical discrete injection CVAFS system
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flow systems. They are consequently preferable in this application since the volume of test solution is
limited and because mercury readings from continuous flow CVAAS and CVAFS systems can be slow
to stabilize.

NOTE1 In both flow injection and discrete injection systems, a volume of sample is introduced into the acid
blank stream resulting in a peak atomic spectrometer output (see Figures 6 and 7). In flow injection systems,
the sample volume introduced is determined by the volume of the sample loop. In discrete injection systems, the
sample volume introduced is controlled by the length of time for which the sample valve is switched.

NOTE 2  Continuous flow mercury cold-vapour generation systems all work on the same principle, but the
plumbing of the various systems is different. In particular, the configuration of some continuous flow hydride-
generation systems is such that there is no switching valve(s) and both acid and test solutions are continuously
pumped to an additional mixing piece situated upstream of the mixing piece into which the tin(Il) chloride
solution is introduced. In either case, the effect is a step change in the atomic spectrometer output (see Figure 8).

© IS0 2015 - All rights reserved 19


https://standardsiso.com/api/?name=60a79293cd8e301af15599cc6b4d8566

ISO 17733:2015(E)

NOTE 3  Mercury cold-vapour generation systems commonly do double duty as hydride-generation systems
for the determination of such elements as arsenic and antimony. For this other purpose, the reductant used is
usually sodium tetrahydroborate rather than tin(Il) chloride. Even small residues of sodium borohydride are
detrimental to the performance of mercury cold-vapour systems using tin(II) chloride. Similarly, traces of iodide
from potassium iodide used as a pre-reductant to reduce arsenate to arsenite will complex with mercury to form
Hgl42-, which does not react with acidic tin(II) chloride. It is therefore a sensible precaution to use different gas
liquid separators and reductant tubing for the two reductants.

WARNING — Mercury vapour is generated when solutions containing mercury are reacted with
tin(II) chloride. This vapour is very toxic, but is normally produced only in very small quantities.
However, in order to eliminate the possibility of exposure to mercury vapour, it is essential that
the liquid waste container used be equipped with efficient local exhaust ventilation to prevent
any gases emanating from the liquid waste from entering the general laboratory environmeént.

(2]
(o]

<C

0 | | |
0 L0 t, s

Figure 6 — Typical output of a flow'injection CVAAS system (see Figure 3)

AF

0 | | | | | | | | |
54 81 108 135 t,s

o

Figure 7 — Typical output of a discrete injection CVAFS system (see Figure 5)
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Figure 8 — Typical output of a continuous flow GVAAS system (see Figure 4|

8.4.3 Spectrometer measurement cell, of silica or quartz, heated electrically to 100 °C to prevent
condensation of water vapour on the windows, mouiited in the optical path of the atomi¢ absorption
specfrometer or the atomic fluorescence spectrometer:

NOTE1  Measurement cells are usually an integral part of atomic fluorescence spectrometry sysfems.

NOTH 2  Spray from gas/liquid separators.can be carried into the measurement cell by the argon stream in
some| cold-vapour generation systems. In;thé case of an atomic absorption system, this is detrifental to the
stability of response of the system and_damaging to quartz cells. This potential problem can be avoided by
inserfing a membrane filter made of PTEE into the tubing from the gas/liquid separator to the meadurement cell.
Alterpatively, a tube containing drying granules can be used to remove water droplets in the argpn stream. In
the case of an atomic fluorescence.system, it is essential that water vapour be removed from the gag entering the
measurement cell, otherwise the’atomic fluorescence of mercury would be quenched. A drying tube, consisting
eithef of drying granules.or_of a water-permeable membranelll in contact with a stream of dry inert gas, is
typicplly used to dry the'gas entering the measurement cell.

9 OQccupational exposure assessment

9.1 | General

This Unternational Standard pertains to the fnking of pprcnnnl and static Qnmplpc Refed to relevant
international, European or national standards (e.g. EN 689[19], ASTM E 1370-96[37], etc.) for guidance on
how to develop an appropriate assessment strategy and for general guidance on measurement strategy.

9.2 Personal sampling

Exposure of workers to mercury shall normally be determined by personal sampling, since the
concentration of mercury and inorganic mercury compounds in the breathing zone can be different
from the background level in the workplace.

9.3 Static (area) sampling

Static (area) sampling may be carried out, if appropriate, to assess the exposure of workers in a situation
where personal sampling is not possible; to characterize the background level of mercury and inorganic
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mercury compounds in the workplace; to give an indication of the efficiency of ventilation or other
engineering controls; or to provide information on the location and intensity of an emission source.

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 and the normal performance of the job and to provide samples that are representative of normal
working conditions and compatible with the analytical method.

9.4.1.2 TH
measureme

e pattern of sampling shall take into consideration practical issues, such as the nature ¢f the

1t task and the frequency and duration of particular work activities.

9.4.2 Scre¢ening measurements of variation of concentration in time and/or space

ed to
bd to
1g for
bness

Screening n
provide infd
identify locg
measureme
of ventilatio

neasurements of variation of concentration in time/and or space(may be perform{
rmation on the likely pattern of concentration of chemical agents. They can be us
tions and periods of elevated exposure and to set the duration and frequency of samplir
hts for comparison with limit values. Emission sources can bge located and the effectivg
in or other technical measures can be estimated (see EN 48231994[14], 4.3).

9.4.3 Scr¢
measuremse

rening measurements of time-weighted average concentration and worst case
tnts

9.4.3.1 Sc
relatively cr
atall and, if

well below (¢

9.4.3.2 Sc
the initial st

during reprg
or worst cag

NOTE S(
episodes dur]
EN 689:1995

9.4.4 Med

Measureme
and intensit]

reening measurements of time-weighted average concentration may be performed to o
lde information on the exposure level in order to decide whether an exposure problem ¢
50, to appraise its possible seriousness..Tthey may also be used to determine if the exposi
r well above the limit value (see EN 482:1994(14], 4.3).

Feening measurements of time-weighted average concentration are typically carried d
hoes of a survey to assess the.effectiveness of control measures. Sampling may be carrie
sentative work episodes.to obtain clear information about the level and pattern of expg
e measurements may be.made.

reening measurements of time-weighted average concentration made to clearly identify
ing which highestZeéxposure occurs are typically referred to as “worst-case measurements
19], 5.2.3.2).

surements near an emission source

hts”may be performed near an emission source to provide information on the loc

btain
Xists
ire is

ut in
d out
sure,

work
(see

htion
1 of a

v of the source. In association with other information they can allow the eliminatiox

suspected source as a significant contributor to exposure (see EN 482:1994[14], 4 .4).

9.4.5 Measurements for comparison with limit values and periodic measurements

9451 M

easurements for comparison with limit values

9.4.5.1.1 Measurements for comparison with limit values are performed to provide accurate and
reliable information on, or allow the prediction of, the time-weighted average concentration of a specific
chemical agent in the air, which could be inhaled (see EN 482:1994[14], 4.5).
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9.4.5.1.2 For making measurements for 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 5 min and 30 min.

9.4.5.1.3 For 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 episodes
(see 10.3.1.2 and 10.4.1.2.2 for the minimum sampling time).

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

9.4.3.2 Periodic measurements

dic measurements are performed to determine whether exposure conditions have cHanged since
urements for comparison with limit values were made, or whether contfol measfyires remain
tive (see EN 482:1994[14], 4.6).

Perid
meaq
effed

10 $ampling

10.1f Selection of sampling method

10.1{1 Measurement of mercury vapour

If results are required for comparison with a limit value for mercury vapour or for totpl inorganic

mer(
inorg
carri
spec

and dlisadvantages of the diffusive and pumped sampling methods.

10.1

If res
limit
that
proc

particulate inorganigniercury compounds.

10.1
If bo

ury (mercury vapour and inorganic mercury:¢ompounds) and it is known that no
Fanic mercury compounds are used in the workplace and that none are produced in t}
ed out, use either the diffusive badge methedspecified in 10.3 or the pumped sorbent t
fied in 10.4.1.1.1 to collect samples of mercury vapour. See Annex A for guidance on the

2 Measurement of particulaté inorganic mercury compounds

ults are required for comparison with a limit value for inorganic mercury compoun
value for total inorganie‘mercury (mercury and inorganic mercury compounds) and|
no elemental mercury, is“used in the workplace and that no mercury vapour is prog
bsses carried out,use’ the filter sampling method specified in 10.4.1.1.2 to collect]

3 Measurement of mercury vapour and particulate inorganic mercury compoun

th mercury vapour and particulate inorganic mercury compounds are believed to b

signi
inor

icant{proportions in the test atmosphere, collect samples of mercury vapour and
dnic mercury compounds with a pumped sorbent tube and prefilter using the meth

particulate
le processes
ube method
advantages

ds or with a
it is known
luced in the
samples of

ds

e present in
particulate
bd specified

in 101137 Then analyse the sorbent tube and filter separately or together, depending upon whether
the results are required for comparison with separate limit values for mercury and inorganic mercury
compounds or for comparison with a limit value for total inorganic mercury (mercury and inorganic
mercury compounds).

NOTE The prefilter may be omitted if it is believed that particulate inorganic mercury compounds do not
make up a significant proportion (e.g. are < 10 %) of the sum of mercury vapour and particulate inorganic
mercury compounds present in the test atmosphere (see Note in 10.4.1.1.3).
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10.2 Consideration of temperature and pressure effects

10.2.1 Effect of temperature and pressure on the uptake rate of diffusive badges

The sample uptake rate of diffusive badges is temperature- and pressure-dependent, but the effect is
relatively small. Nevertheless, temperature and pressure corrections of the sample uptake rate can
improve accuracy at extremes of temperature and pressure. Consider whether the difference between
the temperature and pressure at which the nominal sample uptake rate given by the manufacturer of
the diffusive badge applies and the atmospheric temperature and pressure during sampling is likely to
be great enough to justify applying a correction, e.g. if the error could be greater than + 5 %. See B.1. If

a correctio

is to be made, measure and record the atmospheric temperature and pressure at the

and at the 4
pressure-co

10.2.2 Effe
method

See the man
(8.2.8) is dd
atmospherig

is likely to e great enough to justify applying a correction to take this,into account, e.g. if the

could be grd
temperatury
and record

rrected sample uptake rate following the procedure given in B.1.

ufacturer’s instructions to determine if the volumetric flow rate indic¢ated on the flown

nd of the sampling period (see 10.3.4.1 and 10.3.4.2). Then calculate a temperatute

ct of temperature and pressure on volumetric flow rate in the pumped sampling

pendent upon temperature and pressure. Consider whether the-difference betweel
temperature and pressure at the time of calibration of the flowmeter and during sam

ater than + 5 %. See B.2. If a correction is necessary, mea§ure and record the atmosp
e and pressure at which the calibration of the flowmeter is checked (see 8.2.8), and me4
he atmospheric temperature and pressure at the startand at the end of the sampling p
and 10.4.4.3). Then calculate a temperature- and pressure-corrected volumetric flow

(see 10.4.4.7;
following th

e procedure given in B.2.

10.2.3 Exp]['

Consider w
(such as in
pressure at

ession of results

ether it is necessary to recalculate mércury in air concentrations to reference condji
high altitude situations). If so, measure and record the atmospheric temperature
the start and at the end of the §ampling period (see 10.3.4.1 and 10.3.4.2 or 10.4.4.1

tart
and

heter
n the
pling
EITOr
heric
sure
briod
rate

tions
and
and

10.4.4.3),a

concentrati¢ns calculated in 12.2.1.

NOTE T
(temperaturd

10.3 Diffu

10.3.1 Selg

10.3.1.1 Sa

follow the procedure given in B.3 to apply the necessary correction to the mercury-in-air

e concentration of mercury in air is generally stated for actual environmental cond
, pressure) at the workplace during the sampling period.

s5ive sampling
ction and)use of diffusive badges

mpling of mercury vapour

tions

Use diffusive badges (8.1.1) to collect samples for measurement of personal exposure to mercury
vapour or the background concentration of mercury vapour in air.

10.3.1.2 Sampling period

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 overall uncertainty at levels of industrial
hygiene significance. It is recommended that sampling be carried out over the entire working period,
but in any case the sampling time shall not be less than 6 h (see 13.6.1).
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1.3 Sample handling

To minimize the risk of damage or contamination, only handle sorbent capsules (8.1.2) using flat-tipped
forceps (8.2.9.3) in a clean area where the concentration of mercury vapour is as low as possible.

10.3.

10.3.

2 Preparation for sampling

2.1 Cleaning of diffusive badges

10.3.2.1.1 Disassemble each diffusive badge (8.1.1) and place all parts except the attachment clip, two

polyd
nitri

10.3
ensu

thytemre meshrdiscs; Tetaiming imtermat e tat O-rinmg and foanrdist imasuitable comtaite

Facid (7.3) for atleast 1 h.

2.1.2 Soak the two polyethylene mesh discs separately in 1:9 nitric acid_(%3) for
ring that any traces of Anasorb C 300 dust are removed, since these willotherwise t

. Soakin 1:9

ht least 1 h,
'ap mercury

vapour when the badge is reused, thus preventing it from entering the capsulé.

10.3{2.1.3 Rinse all parts of the diffusive badge at least three times i"water (7.1). Dry g4s quickly as
possible, then reassemble the badge for storage without a new sorbent capsule or foam disc (see
Figure 1). Store in a clean area where the sampler will not becemé’contaminated with mercury until
ready to use again.

10.3{2.2 Loading of diffusive badges with sorbent capsules

10.3{2.2.1 Remove the required number of sorbent capsules (8.1.2) from the plastic pouches in which
they [were supplied, by carefully cutting one edge:off each pouch. Discard any particles of Anasorb that

have
diffu
clean
Figui
prev
the s
the s

10.3
for s
solut

10.3

10.3

become dislodged from the sorbent capsule -during transit. Load each sorbent capsule
Sive badge (10.3.2.1.3) with the mesh side facing towards the sampling face (see Figur
foam disc in the back cover of each sampler and then fit the back cover to the sampler
'e 1). Label each sampler so that it:can be uniquely identified, and seal with its protec
bnt contamination. Retain the pouches in which the sorbent capsules were supplied fi
pmples after sampling. Always use samplers within a few days of loading with sorbent
paling caps do not provide ajhermetic seal.

2.2.2 Retain in unopened pouches at least four unused sorbent capsules from the sam
hmple collection,-Use these for preparation of calibration solutions (see 11.3.2) so tha
ions and samplesolutions are matrix-matched.

2.3 Field\blanks

2.3:1"Retain as field blanks at least one unused diffusive badge (10.3.2.2.1) from each

prep

into a clean
e 1). Place a
housing (see
[ive cover to
r storage of
capsules, as

b batch used
[t calibration

batch of ten

hréd, subject to a minimum of two. Treat these in the same manner as those used for sgmpling with

respect to storage and transport to and from the sampling position, but do not expose them by removing
the protective caps.

If sorbent capsules from different batches are used, it is necessary to retain unused sorbent capsules
from each batch for use as field blanks and to note the batch number of the sorbent capsule used for
each sample.

NOTE It has been found that the mercury content of sorbent capsules differs very little from one box of
sorbent capsules to the next, provided that they have the same batch number.
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10.3.3 Sampling position

10.3.3.1 Personal sampling

Remove the diffusive badge from its plastic pouch and position it in the worker’s breathing zone, as
close to the mouth and nose as is reasonably practicable, e.g. fasten it to the worker’s shirt collar or lapel
with the attached clip. Position it in such a way that it is unlikely to get knocked or be contaminated
with liquid mercury.

10.3.3.2 St

10.3.3.2.1 ]If static sampling is carried out to characterize the background concentration ofnie

in air, select]
will not be

plastic pouc
concentratig

10.3.3.2.2 If the air is very still (air speed < 7,5 m-min-1), use the pumped,sorbent tube md

(10.4) or ta
speed > 230

10.3.4 Samn

10.3.4.1 Re
sampling p4
pressure at
respectively,

10.3.4.2 At
and calculat]
atmospherig
and barome

10.3.4.3 Cq
10.3.5 Tra

10.3.5.1 Re
and place it
by the man
sample on t

atic (area) sampling

a sampling position that is sufficiently remote from the work processes, such that re
directly affected by mercury from emission sources. Remove the diffusive badge fro
h and fix it to a stand or convenient fixture in a suitable position to monitox‘the backgr
n of mercury in air at breathing height.

ke note of the fact that low results will be obtained (see 13.7.3).In windy condition
m-min-1), provide shielding from the wind.

Iple collection

move the protective cap from the diffusive badgezand record the time at the start o
riod. If appropriate (see 10.2.1 and 10.2.3), measure the atmospheric temperaturg
the start of the sampling period, using the thermometer (8.2.9.6) and barometer (8.4
and record the measured values.

the end of the sampling period (seel10.3.1.2), replace the protective cap, record the
e the duration of the sampling peried. If appropriate (see 10.2.1 and 10.2.3), measur
temperature and pressure at the.ehd of the sampling period using the thermometer (8.2
fer (8.2.9.5) and record the measured values.

irefully record the sample.identity and all relevant sampling data (see Clause 14).
hsportation of samples

move the serbent capsule from the badge taking care not to contaminate it (see 10.3

in the. plastic pouch in which it was received. Seal the pouch with the label proxv
facturer for this purpose. Write the sample number and other details pertinent t
he label.

cury
sults
m its
pund

thod
b (air

f the
and
.9.5)

time
e the
.9.6)

.1.3)
rided
b the

10.3.5.2 Transport the sealed plastic pouches containing the sorbent capsules (10.3.5.1) to the
laboratory in a container which has been designed to prevent damage to the samples in transit and which
has been labelled to ensure proper handling.

10.3.5.3 Follow sampling chain of custody procedures to ensure sample traceability. Ensure that the
documentation which accompanies the samples is suitable for a “chain of custody” to be established (see,

for example,

10.3.5.4 Fo

ASTM D 4840-88128]).

llow the same procedure for the field blanks (10.3.2.3).

10.3.5.5 Analyse the samples within four weeks of sampling.
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10.4 Pumped sampling
10.4.1 Preliminary considerations
10.4.1.1 Selection and use of sorbent tubes, prefilters and inhalable samplers

10.4.1.1.1 Sampling of mercury vapour

Use sorbent tubes (8.2.1) to collect samples for measurement of personal exposure to mercury vapour
or the background concentration of mercury vapour in air. Precede the sorbent tubes with prefilters
(see BZ3] 1T the concentration of airborne particies could be sutficiently nigh that therg is a risk of
bloclkage of the glass wool plugs that retain the Anasorb sorbent in the tubes. Use a flow.ratle within the
range recommended by the manufacturer of the sorbent tube, normally 200 ml-min7for a 200 mg tube
or 2 ]'min-1 for a 500 mg tube.

10.4{1.1.2 Sampling of particulate inorganic mercury compounds

easurement
background
design flow
ble fraction

uartz-fibre filters (8.2.6) mounted in inhalable samplers (8.2.5) to ¢ollect samples for m
rsonal exposure to particulate inorganic mercury compounds ‘of to measure the
entration of particulate inorganic mercury compounds in air, Use the samplers at their
hnd in accordance with the manufacturer’s instructions, se-that they collect the inhal{
borne particles.

Used
of p4
conc
rate
of ail

10.4{1.1.3 Sampling of mercury vapour and particulate inorganic mercury compounds

Use sorbent tubes (8.2.1) to collect samples of mereury vapour and particulate inorga
compounds for measurement of personal expesure to mercury vapour and particulaf
merdury compounds or the background concentration of mercury vapour and particula
merdury compounds in air. Precede the sorbent tubes with prefilters (see 8.2.3) if it is b
particulate inorganic mercury compounds-could make up a significant proportion (e.g. >
sum jof mercury vapour and particulatésinorganic mercury compounds present in the test
(see [Note), using an inhalable sampler (8.2.5) rather than a plastic sampling cassette (8.2.4) in the
sorbent tube and prefilter assembly. Use a flow rate within the range recommended by the mfanufacturer
of th¢ sorbent tube, normally 200*ml-min-1 for a 200 mg tube or 2 I'-min-1 for a 500 mg tube.

nic mercury
e inorganic
te inorganic
elieved that
10 %) of the
atmosphere

Expdg
of ai
requ
inha
recol
ford

sure limits for particulate inorganic mercury compounds generally apply to the inhalg
'borne particles, ds-defined in ISO 7708. Under such circumstances, in order to m
rements, an inHalable sampler should be used in the sorbent tube and prefilter ass
able sampler;is/not available that has a design flow rate compatible with the ma
nmended range of flow rates for the sorbent tube, it will be necessary to collect sepa
btermindtipn of mercury vapour and particulate inorganic mercury compounds using

hble fraction
cet national
embly. If an
nufacturer’s
ate samples
he methods

refenred toin10.4.1.1.1 and 10.4.1.1.2.

NOTH If prefilters are not used with sorbent tubes, particulate inorganic mercury compojunds will be
trapped o thre glass wool plugs that retaim the sorbent i the tubes amd o the sorbentitsetf-Atthough it is fair to
assume that the efficiency with which particulate inorganic mercury compounds are trapped by sorbent tubes
is reasonably high, this has not been confirmed experimentally. Furthermore, the sampling characteristics of
sorbent tubes for airborne particles are unknown. Exposure limits for inorganic mercury compounds and for
total inorganic mercury (mercury and inorganic mercury compounds) generally apply to the inhalable fraction
of airborne particles, as defined in ISO 7708. Under such circumstances, in order to meet national requirements,
sorbent tubes should act as inhalable samplers, which they are not designed to do. In consideration of these
two sources of potential sampling bias, it is acceptable to analyse the sorbent and glass wool plugs in order to
estimate total mercury-in-air concentrations, but only if it is known that the majority of the mercury sampled is
in the vapour state. In this case the overall bias of the sampling method will be acceptably small.
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10.4.1.2 Sampling period

10.4.1.2.1 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 overall uncertainty 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:

mlow

min 4 M
Ty X0, L XL

where
tmin 19the minimum sampling time, in minutes;

Miow 19 the lower limit (mass) of the analytical range, in micrograms;

[
wn

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

=~
7

id the limit value (mass concentration), in milligrams per cubic metre.

10.4.1.2.2 The sampling time shall not be less than 1 h for a 200 mg\sorbent tube used at a flow rjte of
200 ml'-minfl! (see 13.6.2). If this minimum sampling time is too short for the method to be useful fqr the
intended m¢asurement task, use a 500 mg sorbent tube at a flow~rate of 2 I-min-1 (see Note 1 in 82.1).
Sampling tithes may be as short as 15 min for an inhalable sampler (see 13.2).

is not so long as to risk overloading with particulate matter the glass wool plugs that retain the Angsorb

10.4.1.2.3 ‘.Fhen high concentrations of airborne particlés are anticipated, select a sampling period that
sorbent in the tubes; or use a prefilter.

10.4.1.3 Sdmple handling

To minimiz¢ the risk of damage or contamination, only handle quartz-fibre filters (8.2.6) and sorbent
tubes (8.2.1) in a clean area, wheresthe’concentration of mercury in air is as low as possible, and| only
handle quartz-fibre filters using flat-tipped forceps (8.2.9.3).

10.4.2 Preparation for sampling

10.4.2.1 Cleaning of inhalable samplers

If required [see 10:4.1.1), clean the inhalable samplers (8.2.5) before use. Disassemble the samplers,
soak in labdratory detergent solution (7.12), rinse thoroughly with water (7.1), wipe with absorbent
tissue and allow to dry before reassembly.

Alternatively, use a laboratory washing machine.

10.4.2.2 Loading of samplers with filters

If required (see 10.4.1.1), load plastic filter cassettes (8.2.4) or clean inhalable samplers (10.4.2.1) with
filters (8.2.6). Label each sampler or filter cassette so that it can be uniquely identified, and seal with its
protective plug or cover to prevent contamination.

Alternatively, commercially available pre-loaded plastic filter cassettes may be used.
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10.4.2.3 Preparation of sorbent tubes or sorbent tube and prefilter assemblies

10.4.2.3.1 Break the flame-sealed ends off the required number of sorbent tubes (8.2.1) using a special
glass cutting tool (8.3.4.1) or a glass cutting wheel (8.3.4.2). Label each sorbent tube so that it can be
uniquely identified and, if desired, mount it in a sorbent tube holder (8.2.2).

10.4.2.3.2 If required (see 10.4.1.1.3), construct a sorbent tube and prefilter assembly (see 8.2.3) by
connecting a loaded sampler (10.4.2.2) to each sorbent tube or sorbent tube holder (10.4.2.3.1) with a
minimum length of inert plastic tubing, e.g. modified polyvinyl chloride or PTFE tubing, ensuring that no
leaks can occur (see 8.2.3).

Alternatively, use a sorbent tube holder to which the sampler can be directly attached.

10.4|2.3.3 Seal the exposed end(s) of sorbent tubes with the plastic end caps”supp
mantifacturer.

lied by the

10.4
calib

2.3.4 Retain six sorbent tubes from the same batch used for sampling.for use in the pr
Fation solutions (11.4.2.1).

eparation of

10.42.4 Setting the volumetric flow rate

Perform the following in a clean area, where the concentration’ of mercury in air is low.

Rem¢ve the protective cover, plug and/or cap(s) from ‘€ach loaded sampler (10.4.2.2), sorbent tube

(10.4
using
flow
the f
the s
protg

.2.3.1) or sorbent tube and prefilter assembly (10.4¢2.3.2) and connect it to a sampling j
b flexible tubing (8.2.9.1), ensuring that no leaks can occur. Switch on the sampling pum
meter (8.2.8) to the sampler, sorbent tube or sorbent tube and prefilter assembly so that
ow through the inlet orifice(s) and set the\required volumetric flow rate (see 10.4.1.1]

ctive cover, plug and/or cap(s) to prevent contamination during transport to the sampl

ump (8.2.7)
p, attach the
it measures
). Switch off

ampling pump and seal the sampler, sotbent tube or sorbent tube and prefilter assenbly with its

ing position.

If ne b volumetric

flow

Cessary, allow the sampling pump operating conditions to stabilize before setting th¢
rate (refer to the manufactuger’s instructions).

10.4{2.5 Field blanks

Reta
tube
Trea
from

n as field blanks, atteast one unused loaded sampler (10.4.2.2), sorbent tube (10.4.2.3.1) or sorbent
and prefilter asSembly (10.4.2.3.2) from each batch of 10 prepared, subject to a minifnum of two.
[ these in the same manner as those used for sampling with respect to storage and tranjsport to and
the sampling position, but draw no air through them.

10.4{3 Sampling position

arcaonalcamnlbing
Cr5oar-sampring

1043-1+Pp
Position the sampler, sorbent tube or sorbent tube and prefilter assembly (10.4.2.4) in the worker’s
breathing zone, as close to the mouth and nose as is reasonably practicable, e.g. fastened to the worker’s
lapel. Attach the sampling pump to the worker in a manner that causes minimum inconvenience, e.g. to

a belt (8.2.9.2) around the waist, or place it in a convenient pocket.

10.4.3.2 Static (area) sampling

10.4.3.2.1 If static sampling is carried out to assess the exposure of a worker in a situation where
personal sampling is not possible (e.g. due to the need to sample at a volumetric flow rate higher than the
design flow rate of available personal samplers), position the sampler, sorbent tube or sorbent tube and
prefilter assembly (10.4.2.4) 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 exposure is considered to be greatest.
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10.4.3.2.2 If static sampling is carried out to characterize the background level of mercury in the
workplace, select a sampling position that is sufficiently remote from the work processes so that results
will not be directly affected by mercury from emission sources.

10.4.4 Collection of samples

10.4.4.1 When ready to begin sampling, remove the protective cover, plug and/or cap(s) from the
sampler, sorbent tube or sorbent tube and prefilter assembly and switch on the sampling pump. If the
sampling pump is fitted with an integral timer, check that this is reset to zero prior to turning it on.
Record the time and volumetric flow rate at the start of the sampling period. If appropriate (see 10.2.2

and 10.2.3),
the thermon
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ers built into sampling pumps can be imprecise and should only be used to provide evig
pler has been operating properly throughout the sampling period (see 10.44.3).

s set (see 10.4.2.4), the volumetric flow rate could change and it mightneed to be re-adj

nitor the performance of the pumps frequently, a minimumof once every 2 h. Measur
ng the flowmeter (8.2.8) and record the measured value, Terminate sampling and con
o be invalid if the flow rate is not maintained to within + 5% of the nominal value throug
b period.

the end of the sampling period (see 10.4.1.2, record the time. Check the malfun
d/or the reading on the integral timer, if fitted, and consider the sample to be inva
ence that the sampling pump was not operdting properly throughout the sampling pg
volumetric flow rate at the end of the-sampling period using the flowmeter (8.2.8]

b at the end of the sampling period-using the thermometer (8.2.9.6) and barometer (8.2
he measured values.

frefully record the sample jdentity and all relevant sampling data (see Clause 14).
hsportation of samples

orbent tube and)prefilter assemblies were used for sampling, disassemble them and se{
s with plasti€end caps. Discard the prefilters if they were used simply to prevent blockd
ol plugs{see 10.4.1.1.1). If the prefilters were used to collect particulate inorganic me

(see 10:4.1.1.3), unload them from the samplers as described in 10.4.5.2 through 10.4.5.

nsing

ence

the temperature or pressure at the sampling position is different from that where the volunpetric

isted

e the
sider
hout

ction
lid if
riod.

and
hture
19.5),

] the
ge of
cury
.4

I ‘ibhalable samplers which collect airborne particles on the filter (see Note 2 in 8

2.5),

remove the filter from each sampler, place in a labelled filter transport cassette (8.2.9.4) and close with
a lid. Take particular care to prevent the collected sample from becoming dislodged from heavily loaded
filters. Alternatively, transport samples to the laboratory in the samplers in which they were collected.

10.4.5.3 For samplers which have an internal filter cassette (see Note 2 in 8.2.5), remove the filter
cassette from each sampler and fasten with its lid or transport clip.

10.4.5.4 For disposable sampling cassettes, transport samples to the laboratory in the samplers in
which they were collected.

10.4.5.5 Transport the sorbent tube samples (10.4.5.1) and, if appropriate, the filter samples (10.4.5.2
through 10.4.5.4) to the laboratory in a container which has been designed to prevent damage to the
samples in transit and which has been labelled to ensure proper handling.
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10.4.5.6 Follow sampling chain of custody procedures to ensure sample traceability. Ensure that the
documentation which accompanies the samples is suitable for a “chain of custody” to be established (see,
for example, ASTM D 4840-88[28]).

10.4.5.7 Follow the same procedure for the field blanks (10.4.2.5).

10.4.5.8 Analyse the samples within four weeks of sampling.

11 Analysis

11.1] General

WARNING — Use suitable personal protective equipment (including suitable gloves, face shield
or sdfety glasses, etc.) when working with acid, and carry out sample dissolution in afume hood.
See the WARNINGS in 7.2 and 7.4.

The procedure described is designed so that the complete sample dissdlution process can be carried
out iph the same disposable, plastic centrifuge tube. The tube can thenbe loaded directly into the rack
of anlautosampler for analysis. This minimizes manipulations and reduces the chance of copntamination
of the sample.

For 4amples collected using a sorbent tube and prefilter assembly, the procedure described may be
used| to jointly analyse the contents of a sorbent tube and\its associated prefilter in order to obtain
a corpbined result for mercury vapour and particulate inerganic mercury compounds. The result can
then|be compared with an occupational exposure limit for total inorganic mercury (mergury vapour
and inorganic mercury compounds). Alternatively, the'procedure may be used to separately analyse the
samples to determine the mercury vapour collected by the sorbent tubes and the particulate inorganic
merdury compounds collected on the quartz-fibre filters.

11.2 Cleaning of glassware and plasficsware

11.2{1 Before use, clean all glassware (8.3.1) to remove any residual grease or chemicals by first soaking
in labporatory detergent solution~and then rinsing thoroughly with water (7.1). Alternatively, use a
laboratory glass washing machine.

11.2}2 After initial cleaning (11.2.1), clean all glassware by soaking in 1:9 nitric acid (7.3) for a minimum
of 24 h and then rinsing thoroughly with water (7.1).

11.2}3 Glasswate that has been previously subjected to the cleaning procedure describpd in 11.2.1
and [11.2.2,<and which has been reserved for the analysis of mercury by this method, can be cleaned
adequately/by rinsing with 1:9 nitric acid (7.3) and then with water (7.1).

11.3 Preparation of blank, sample and calibration solutions for analysis of diffusive
badges

11.3.1 Preparation of blank and sample solutions

11.3.1.1 Open the plastic pouches containing the sorbent capsules (10.3.5.1). Carefully remove the
screen from the top of each sorbent capsule, using pointed tweezers or a needle (8.3.9). Take care not to
lose any sorbent. Carefully pour the sorbent from each capsule into separate, labelled, disposable 50 ml
plastic centrifuge tubes (8.3.2). Transfer any particles of Anasorb that have become dislodged from the
sorbent capsule during transit into the tube. Discard the screen and empty capsule.
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11.3.1.2 Add 2,0 ml of concentrated nitric acid (7.2) followed by 2,0 ml concentrated hydrochloric acid
(7.4) to each centrifuge tube.

It is important that nitric acid is added before hydrochloric acid to ensure that mercury is oxidized to
the divalent state. Otherwise mercury left in an elemental state may be lost due to volatilization[20].

11.3.1.3 Tightly seal the centrifuge tubes with their screw caps or push-fit closures and roll the tubes
to wash any Anasorb from the walls. Place the tubes in a test tube rack in a thermostatically controlled
water bath (8.3.5) at 50 °C for 1 h, periodically agitating and rolling the tubes to ensure that all hopcalite

is dissolved from the ceramic support material of the Anasorb granules.
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push-fit closures to release any pressure built up due to the formation of oxides of nitro

ke up to the 25 ml graduation of the centrifuge tube with water (7.1), reseal the tube

ssolution of the sample yields a dark brown liquid. When, diluted to volume with water, this fo
een suspension above a white ceramic residue from the Anasorb sorbent.

ntrifuge the sample solutions to remove theivceramic support material from suspen

e for
rould
from

pater.
ES or
sen.

t and

'ms a

sion.
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h mercury or remove any mercury from solution.
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or to analysis, uncap the'centrifuge tubes and let stand in a fume hood for at least 1
ed oxides of nitrogen to-degas from the solutions.

spersion of oxides.6f nitrogen from solution is particularly important when CVAFS is
Fill otherwise guench mercury cold-vapour fluorescence. Degassing can be acceleratg
feam of an inert’gas, such as nitrogen, through the solution prior to centrifugation.

paratien.of calibration solutions

et-of  calibration solutions, including a calibration blank solution, for use in the ang

The use of a centrifuge is preferable to-filtration since it enables the sample to be prepared and
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ed by

lysis

of diffusive
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(see

10.3.2.2.1) and prepare solutions from them following the procedure in 11.3.1.1 through 11.3.1.4. Make
up almost to the 25 ml graduation of the centrifuge tubes with water (7.1) and then accurately pipette
125 pl, 250 pl and 500 pl of working mercury standard solution B (7Z.11) into three of the tubes. Finally,
make up to volume, centrifuge and degas as described in 11.3.1.5 through 11.3.1.7. The prepared
calibration solutions have mercury concentrations of 0 pug:1-1, 5 pgl-1, 10 pgl-1 and 20 pgl-1. Label
them accordingly.
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NOTE1 The reason for matrix-matching the calibration solutions in this manner is that the slope of the
calibration is influenced by acid concentration, and the acid concentration of the sample solutions is unknown
due to consumption of acid during dissolution of the sorbent. Correspondingly, it has been demonstrated[4] that
failure to properly matrix-match calibration and test solutions can produce high results. On the other hand, some
hydride-generation systems are believed to be less sensitive to acid concentration than the system used in the
validation of this method. In such circumstances, simply matching the acid content of the calibration and test
solutions might be adequate to produce results of sufficient accuracy (i.e. by preparing calibration solutions
in 2:2:21 nitric acid/hydrochloric acid). Alternatively, for hydride-generation systems that are sensitive to
acid concentration, it might be possible to obtain satisfactory results by preparing calibration solutions in an
intermediate acid concentration (e.g. 1:1:23 nitric acid/hydrochloric acid). In both cases, this would reduce the
cost of analysis by eliminating the need to use sorbent capsules in the matrix-matching process. However, if the
procedure described in 11.3.2 is modified in any way, it should be demonstrated that the results obtained exhibit
an acfeptable bias, e.g. < 5 %.
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tolution with

NOTH
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2 Analternative means of reducing the cost of analysis could be to prepare 50 ml of blank
orbent capsules and carry out a standard-additions calibration by spiking aliquots-of’this
priate volumes of mercury standard solution.

11.4{ Preparation of blank, sample and calibration solutions for.analysis of purhped
samples

11.4{1 Preparation of blank and sample solutions

11.4{1.1 Remove the plastic end-caps from the sorbent tubes. Score each tube with the glass cutting
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the g
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the (

11.4
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1 (8.3.4.2), approximately halfway across the middle section, where it is packed with
break off the front section of the tube above the glass wool (see CAUTION). Draw out th
from each tube using pointed tweezers (8.3.9), discarding the retaining spring, if presel
lass wool plug in a labelled, 50 ml disposable\centrifuge tube (8.3.2). Pour the releq
hles into the centrifuge tube. Then poke a wiré (8.3.9) into the open end of the remainil
in order to push out the remaining glass,wool plug into the centrifuge tube.

ION — Grip the tube with eitherspecial rubber tube grips (see 8.3.4.2) or a clot]
hance of being cut by broken glass while breaking open the tube.

1.2 If a quartz-fibre filter-Was used to collect particulate inorganic mercury compou
analysed together with/the/contents of the sorbent tube to produce a combined result
ur and particulate inerganic mercury compounds, open the samplers, sampler filter
port filter cassettes:{sée 10.4.5.2 through 10.4.5.4), remove the quartz-fibre filter usin
ps (8.2.9.3) andlace it in the same centrifuge tube as the sorbent and glass wool plu
natively, if a séparate analysis for particulate inorganic mercury compounds is require
in a separate50 ml disposable centrifuge tube (8.3.2).

ury‘compounds only, open the samplers, sampler filter cassettes or transport filter ca

glass wool.
e glass wool
ht, and place
sed sorbent
g section of

h to reduce

hds and it is
for mercury
cassettes or

g flat-tipped

g (11.4.1.1).
ed, place the

1.3 If a quartz-fibre filter was used in an inhalable sampler to determine particulate inorganic

ssettes (see

10.4.,

5.2 through 10.4.5.4), remove the quartz-fibre filter using flat-tipped forceps (8.2.9.3) a

hd place in a

separate labelled 50 ml disposable centrifuge tube (8.3.2).

11.4.1.4 Add 2,0 ml of concentrated nitric acid (7.2) followed by 2,0 ml concentrated hydrochloric acid
(Z.4) to each centrifuge tube.

It is important that nitric acid be added before hydrochloric acid to ensure that mercury is oxidized to
the divalent state. Otherwise mercury left in an elemental state could be lost due to volatilization[20],

If the sampler used was of a type in which airborne particles deposited on the internal surfaces of the
filter cassette or sampler form part of the sample (see Note 2 in 8.2.5), use the nitric acid to carefully
wash any particulate material adhering to the internal surfaces into the centrifuge tube, utilizing a
polypropylene filter funnel (8.3.10) to avoid spillage.
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11.4.1.5 Tightly seal the centrifuge tubes with their screw caps or push-fit closures, and roll the tubes
to wash any Anasorb from the walls. Place the tubes in a test-tube rack in a thermostatically controlled
water bath (8.3.5) at 50 °C for 1 h, periodically agitating and rolling the tubes to ensure that all hopcalite
is dissolved from the ceramic support material of the Anasorb granules.

Sample dissolution may also be carried out by allowing the tubes to stand at room temperature for a
prolonged period, e.g. overnight.

Another alternative is to use ultrasonic extraction, but this could result in shattering of the ceramic
substrate, which in turn could make it more difficult to separate from the sample solution by
centrifugation or filtration (see 11.4.1.8).
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same batch used to collect the samples (see 10.4.2.3.4) and prepare solutions from them following the
instructions given in 11.4.1.1 and 11.4.1.4 through 11.4.1.6. Make up almost to the 50 ml graduation
of the centrifuge tubes with water (7.1) and then accurately pipette 100 ul, 200 ul, 300 ul, 400 pl and
500 pl of working mercury standard solution A (7.10) into five of the tubes. Finally make up to volume,
centrifuge and degas as described in 11.4.1.7 through 11.4.1.9. The prepared calibration solutions have
mercury concentrations of 0 pg-1-1, 20 pgl-1, 40 pgl-1, 60 pgl-1, 80 pgl-1 and 100 ug-1l-1. Label the
tubes accordingly.
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An alternative means of reducing the cost of analysis could be to prepare 50 ml of blank solution from
a single sorbent tube and carry out a standard-additions calibration by spiking aliquots of this solution
with appropriate volumes of mercury standard solution.

NOTE1 The reason for matrix-matching the calibration solutions in this manner is because the slope of the
calibration is influenced by acid concentration and the acid concentration of the sample solutions is unknown
due to consumption of acid during dissolution of the sorbent. Correspondingly, it has been demonstrated[4] that
failure to properly matrix-match calibration and test solutions can produce high results. On the other hand, some
hydride-generation systems are believed to be less sensitive to acid concentration than the system used in the
validation of this method. In such circumstances, simply matching the acid content of the calibration and test
solutions might be adequate to produce results of sufficient accuracy (i.e. by preparing calibration solutions

in 1:1
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Instrumenta) analysis

1 Settingup the instrument

') and other

11 ‘Setting up the mercury cold-vapour system

11.5.1.1.1 Prepare the mercury cold-vapour generation system (8.4.2.1 or 8.4.2.2) for operation,
following the manufacturer’s instructions. Fill the reservoir for reductant with tin(II) chloride solution
(7.8). If analysing sorbent tube samples, fill the acid blank reservoir with 1:1:23 nitric acid/hydrochloric
acid (Z.5). If analysing diffusive badge samples, fill the acid blank reservoir with 2:2:21 nitric
acid/hydrochloric acid (7.6).

11.5.1.1.2 Setthe purge-gas flow rate to the value recommended for the application by the manufacturer
of the mercury cold-vapour generation system.

11.5.1.1.3 Mercury cold-vapour generation systems are sensitive to change in temperature. Reagents and
test solutions should therefore be allowed to equilibrate to room temperature before commencing analysis.
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11.5.1.1.4 The length of tubing connecting the measurement cell to the outlet of the gas/liquid separator
of the mercury cold-vapour generation system should be kept to a minimum.

NOTE

according to the exact configuration of the mercury cold-vapour generation system.

11.5.1.2 Setting up the spectrometer

Optimum concentrations of reagents, liquid flow rates, purge-gas flow rate, etc. could vary somewhat

Set up the spectrometer (8.4.1.1 or 8.4.1.2) to make atomic absorbance measurements or
atomic fluorescence measurements at the 253,7 nm mercury line, following the manufacturer’s

recommend

ations for specific instrument operating parameters.
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ed out manually or by using an autosampler.

b piece.

he mixing piece until a maximum atomic spectrometer:signal is obtained (see Figure 8)

the case of a flow-injection system, operate the“sample injection valve so that a pi
r signal (see Figure 6).
the case of a discrete injection system, change the configuration to pump test solution

'ption or atomic fluorescence signal (see Figure 7).

bckages are likely to occurif ceramic residue, glass fibre or quartz fibre driven to the bg
ifuge tubes is drawn intg the uptake tubing. Care should be taken that this undiss
ot disturbed during analysis. When using an autosampler, it is important that the tip ¢

"cury
This

gin with the mercury cold-vapour system in the configuration in whieh acid blank is pumped

the case of a continuous-flow system, change the configuration so that the test solution is

ecise

he test solution is injected into the acid blank Stream, resulting in a peak in the atomic

for a

bd of time, so that a precise volume.iS delivered to the mixing piece, resulting in a peak i the

ttom
blved
f the

sample prole be positioned well'away from the bottom of the tube during solution uptake.

11.5.3 Conditioning themercury cold-vapour generation system

11.5.3.1 Condition-the mercury cold-vapour system before use in order to ensure that a stable sighal is

obtained before;proceeding to carry out a calibration.

11.5.3.2 Place the reductant, acid blank and sample uptake tubing in a container of water (7.1) and
allow the pump(s) to operate for at least 5 min for the flow rates to stabilize. Fill a 10 ml measuring
cylinder (8.3.1.3) to a convenient mark with water and determine each flow rate in turn by placing
the appropriate uptake tubing in the measuring cylinder of water and observing the volume of water
pumped out in 1 min. Verify that the flow rates are within the nominal specification recommended by
the manufacturer of the mercury cold-vapour generation system, and adjust the pressure exerted on
the peristaltic pump tubing by the pump head and/or install new pump tubing if necessary. Replace the
uptake tubing for reductant and acid blank in the appropriate reservoirs.

Follow either a) or b).

a) For continuous flow and discrete injection mercury cold-vapour generation systems, alternately
pump acid blank (7.5 or 7.6) and the high calibration solution (11.3.2 or 11.4.2) to the mixing piece
and make repeat absorbance or fluorescence measurements with a suitably short integration
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period. Continue this sequence until a repeatable analytical response is obtained, and record the
parameters necessary for operation of the continuous cold-vapour system used.

In the case of continuous-flow systems, record the stabilization delay time, which is the time taken
for the analytical response to reach a stable value when a solution is presented to the system, and
the baseline delay time, which is the time taken for the signal response to return to the baseline
when the acid blank is pumped again.

In the case of discrete injection systems, select a suitable injection period during which test solution
is pumped to the mixing piece in order to obtain an output signal peak of the required height. Note
the peak delay time, which is the time taken for the peak maximum to be obtained, and the baseline
getay-time-whichts-the-time-takenfor-the-sighatresponsetoreturnte trre-when the acid

blank is pumped again.

b) For flow injection analysis mercury cold-vapour generation systems, fill the sanjple loop by
umping the high calibration solution (11.3.2 or 11.4.2) through it and then’inject ipto the acid
lank (7.5 or 7.6) stream. Note the peak delay time and the baseline delayjtinie.

11.5}3.3 Optimize integration or peak-height measurement parameters,ahd then make repeat injections
untilla repeatable analytical response is obtained. If a repeatable analytical response cannot pe obtained,
this is likely to be due to contamination of the system. In this case, suspend further operatiops and clean
the gas/liquid separator and the silica or quartz absorption cell.

11.5/3.4 If the cold-vapour/atomic spectrometer systein is interfaced to a micropfocessor or
perspnal computer for automatic control, set the necessary delay times and other paranjeters to the
apprppriate value(s).

11.5}4 Check for contamination of the reagents and/or system

11.5{4.1 Place the reductant, acid blank and"sample uptake tubing into a container of water (7.1) and,
after|allowing sufficient time for flushingfout the system, adjust the spectrometer zero.

11.5{4.2 Replace the uptake tubing for reductant and acid blank in the appropriate resernvoirs. Pump
acid plank (7.5 or 7.6) and reductant (7.8) to the mixing piece and measure the atomic absorbance or
atomic fluorescence signal after-allowing sufficient time for the water to be displaced.

11.5{4.3 If the atomjc.absorbance or atomic fluorescence background signal is significantly higher
than| expected, based~on previous experience, consider whether contamination of the |reagents or
contamination of/fhe’ system is the more likely cause of the elevated response. If it is considered that
contgmination.ofthe reagents is the more likely explanation, prepare new reductant (7.8) and acid blank
(Z.5 pr 7.6).\Ifut is considered that contamination of the system is the more likely explanation, clean
the gas/liguid separator of the mercury cold-vapour generation system (8.4.2). Then repept the check
describediin 11.5.4.1 and 11.5.4.2.

NOTE If the atomic absorbance or atomic fluorescence background signal is elevated, the analytical
performance of the system will be degraded and, in particular, the instrumental detection limit will be poorer.

11.5.5 Calibration

11.5.5.1 Adjust the spectrometer zero while pumping acid blank (7.5 or 7.6) and reductant (7.8) to the
mixing piece of the cold-vapour generation system.

Then follow either a) or b).

a) For continuous flow and discrete injection cold-vapour generation systems, pump each
calibration solution (11.3.2 or 11.4.2) in turn through the sample uptake tubing to the mixing piece
and take the maximum atomic absorbance or atomic fluorescence reading after the determined
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stabilization delay time or peak delay time [see 11.5.3.2 a)]. Pump acid blank (7.5 or 7.6) to the
mixing piece in between each calibration solution and wait for the determined baseline delay time

[see 11.

5.3.2 a)] before proceeding to measure the next calibration solution.

b)

For flow injection cold-vapour generation systems, inject each calibration solution (11.3.2 or

11.4.2) in turn into the acid blank stream, measure the peak height or peak area of the atomic
absorbance or atomic fluorescence signal and wait for the determined baseline delay time [see

11.5.3.2

b)] before proceeding to measure the next calibration solution.

11.5.5.2 For instruments controlled by a microprocessor or personal computer, use a suitable algorithm
to generate the calibration function. For instruments without this capability, prepare a calibration

by plotting
mercury, in

11.5.5.3 In
absorbance
can be toler
70 % of the
in assessing|
atomic fluot
magnitude d

11.5.6 Det

11.5.6.1 Fo
a) Forcon
zero wh
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the max
delay ti}

raph

the absorbance or fluorescence of the calibration solutions versus the concentrati
hg-1-1,

general it is best to work in the linear range of an atomic absorption calibration, w
is proportional to the concentration of mercury in solution. A certain amoufit of curv
pted but ideally the slope of the top 20 % of the calibration curve should be not less
slope of the bottom 20 %, calculated in the same manner. Discretion) should be exer
whether recalibration over a lower concentration range is necessary. Mercury cold-va
escence calibration curves are, by contrast, typically close to liiear over several ordg
f concentration.

Prmination

[low the procedure given in either a) or b) below.

finuous flow or discrete injection cold-vapourgeneration systems, adjust the spectror
ile pumping the acid blank (7.5 or 7.6) to the'mixing piece. Pump the blank and sampl¢
s (11.3.1 or 11.4.1) in turn through the sample uptake tubing to the mixing piece, and
imum atomic absorbance or atomic fluorescence reading after the determined stabiliz
me or peak delay time [see 11.5.3.2-a)]. Pump acid blank to the mixing piece in between

test solyition and wait for the determined.baseline delay time [see 11.5.3.2 a)] before proceedi

measur

b) For flow
(1131

and me
Pump 4

baseling

11.5.6.2 Ifl

b the next test solution.

y injection cold-vapour geieration systems, pump sample and blank and sample test sol

delay time (s€e 11.5.3.4) before proceeding to measure the next test solution.

paseline @rift is observed while pumping acid blank, then readjust the spectrometer zer

11.5.6.3 Fo
function (se

n of
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hture
than
cised
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rs of

heter
e test
take
htion
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ions

r 11.4.1) sequentially-through the sample valve, inject into the acid blank stream (7.5 of 7.6)
hsure the peak height-or peak area of the atomic absorbance or atomic fluorescence signal.
cid blank to thedmixing piece in between each test solution, and wait for the deternined

instruments controlled by a microprocessor or personal computer, use the calibrption
W@mﬂm&bﬁﬂw i ions

and obtain a direct read out of the results in concentration units. For instruments without this capability,
determine the concentration of mercury in the blank and sample test solutions from the peak height or
peak area measurements using the calibration graph (see 11.5.5.2).

11.5.6.4 Analyse a mid-range calibration solution after each five to 10 test solutions. If the absorbance
reading indicates that the sensitivity has changed by more than + 5 %, take one of the following corrective
measures. Either use the available software facilities of the microprocessor or personal computer to
correct for the sensitivity change (reslope facility) or suspend analysis and recalibrate the spectrometer
as described in 11.5.5.1 through 11.5.5.3. In either case, reanalyse the test solutions that were analysed
during the period in which the sensitivity change occurred.
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11.5.6.5 Analyse reagent blank and laboratory blank solutions, as specified in 11.7.1.1, and quality
control solutions, as specified in 11.7.1.2, and use the results to monitor the performance of the method
as specified in 11.7.2.1 and 11.7.2.2.

11.5.6.6 If the concentrations of mercury found are above the upper limit of the calibration range, dilute
the sample solution by a suitable factor with calibration blank solution (11.3.2, 11.4.2.1 or 11.4.2.2) and

repeat the analysis. Record the dilution factor.

11.5.

6.7 Calculate the mean mercury concentration of the blank test solutions.

11.
11.6

11.6
the

condjitions are changed.

NOT]H
nota
limit
made

11.6
dete
an af

11.6
(11.6
the n

NOTH
caliby

Estimation of detection and quantification limits
1 Estimation of the instrumental detection limit

1.1 Estimate the instrumental detection limit under the working analytical conditio
rocedure described in 11.6.1.2 and 11.6.1.3 and repeat this exercise whenever the ¢

The instrumental detection limit is of use in identifying changes\in instrument perform

because it only takes into account the variability between individual instrumental readings; de
on one solution do not take into consideration contributions t@ variability from the matrix or

1.2 Prepare a test solution with a mercury concentration near the anticipated i
tion limit, e.g. 0,001 mg-1-1 of mercury, by dilutiig working mercury standard solution
propriate factor with 1:1:23 nitric acid and hydrochloric acid (7.5).

1.3 Make at least 10 atomic absorbance-or atomic fluorescence measurements on the
.1.2) and calculate the instrumental detection limit as three times the sample standard
1ean concentration value.

An alternative procedure for estimating the instrumental detection limit involves th
ation blank solution fortifiediwith the mercury at concentrations spanning the predicted

hs following
xperimental

ance, but it is

method detection limit[22]. An instrumental detection limit is likely to be lower than the method detection

terminations
sample.

nstrumental

B (7.11) by

test solution
deviation of

e analysis of
instrumental

detedtion limit[29],

11.6{2 Estimation of the-method detection limit and the quantification limit

11.6{2.1 Estimatejthe method detection limit and the quantification limit under the working analytical
condli;tions, following the procedure described in 11.6.2.2 and 11.6.2.3, and repeat this exercise whenever
the experimental conditions are changed significantly.

11.6{2:2 “Prepare at least 10 laboratory blank test solutions from unused sorbent capsules (8.1.2),
sorbent“tubes (8.2 or—filters,as appropriate,following the mple dissolution procedure used to
prepare sample test solutions in 11.3 or 11.4.

11.6.2.3 Make atomic absorbance or atomic fluorescence measurements on the test solutions (11.6.2.2)
and calculate the method detection limit and the quantification limit as three times and 10 times the
sample standard deviation of the mean concentration, respectively.
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11.7 Quality control
11.7.1 Reagent blanks and laboratory blanks

11.7.1.1 Carry reagent blanks (see 3.4.9) and laboratory blanks (see 3.4.5) throughout the entire
sample preparation and analytical process. Prepare and analyse reagent blank and laboratory blank test
solutions according to a frequency of at least 1 per 20 samples, or a minimum of one per batch.

11.7.1.2 If results for reagent blanks and/or laboratory blanks are significantly higher than expected,
based on previous experience, investigate whether contamination is occurring from laboratory activities

and/or the
does not re-

11.7.2 Qug

11.7.2.1 Cq
and analytid
recovery re
sorbent cap
be accompli
dynamic rai

standard solution from a source different than that used for preparingthe calibration solutions.) Prg

and analyse
minimum of

11.7.2.2 M;Lnitor the performance of the method by pletting control charts of the relative pe

recoveries
samples. If
appropriate
guidance on

11.7.3 Cer

If available,
the method

11.7.4 Extq

If laborator
participate
scheme exis

patch of filters used for sampling and take appropriate corrective action to ensure tha
bccur.

lity control solutions

Irry spiked samples and spiked duplicate samples throughout the entire'sample prepar
al process to estimate the method accuracy on the sample batch,-expressed as a pe
ative to the true spiked value. Spiked samples and spiked duplicate samples cons
sules or sorbent tubes to which known amounts of mercury have been added. (Thi
shed by spiking with known volumes of mercury standard Solution at amounts withi
ge of the instrument. The mercury standard solution used shall be prepared from a

these quality control solutions according to a frequency of at least 1 per 20 samples
one per batch.

d of the relative percent differences between the spiked samples and the spiked dup
NC results indicate that the method is,cut of control, investigate the reasons for this,
corrective action and reanalyse thessamples if necessary. See ASTM E 882([30] for ge
the use of quality control charts.

[ified reference materials {CRMs)

certified reference materials (CRMs) for mercury shall be analysed prior to routine u
to establish that the percent recovery relative to the certified value is satisfactory.

brnal quality assessment

jes carry.out mercury in air analysis on a regular basis, it is recommended that

ts and:they have access to it.

[ this

htion
rcent
st of
b can
n the
stock
pare
or a

rcent
icate

take
neral

se of

they

n a relevant external quality assessment scheme or proficiency testing scheme, if sfich a

11.8 Meas

rementuncertamty

[tis strongly recommended thatlaboratories estimate and report the uncertainty of their measurements
in accordance with the GUMI1Z], The first step is to construct a cause and effect diagraml[31] to identify
the individual sources of random and systematic error in the method. These are then estimated and/or
determined experimentally and combined in an uncertainty budget. Finally, the combined uncertainty
is multiplied by an appropriate coverage factor to produce an expanded uncertainty. A coverage factor
of 2 is recommended, which gives a level of confidence of approximately 95 % in the calculated value.

NOTE1 References [32] and [33] describe the application of cause-and-effect analysis to analytical methods.
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Terms that contribute to the random variability of the method are generally accounted for in the

measurement precision, which can be determined from quality control data. Error associated with instrumental
drift can be estimated, assuming a rectangular probability distribution, by dividing the drift permitted before

the instrument is recalibrated (see 11.5.6.4) by \/;

NOTE 3  Systematic errors include, for example, those associated with method recovery, sam
preparation of working standard solutions, dilution of test solutions, etc.

12 Expression of results

12.1 Calculation of the volume of air samptes ]

12.1

Calcyilate the volume of the air sampled, in litres, by multiplying the sample uptake re

the 1
perid
temp
perid

NOTH
temp

12.1

Calcylate the mean volumetric flow rate by averaging the measurements taken at the st

of th
pres

1 Diffusive sampling

nanufacturer of the diffusive badge, in millilitres per minutes, by the duration of t
d, in minutes, and dividing by 1 000. If appropriate (see 10.2.1), caleulate the mean
erature and pressure by averaging the measurements taken at the-start and end of t
d and apply a temperature and pressure correction using the equation given in B.1.

The nominal sample uptake rate given by a manufacturer[23} of diffusive badges is 20,0
erature of 20 °C and a pressure of 101,3 kPa.

2 Pumped sampling

e sampling period. If appropriate, (see 10.2.2);*calculate the mean atmospheric temp
sure by averaging the measurements takemhat the start and end of the sampling perid

ple recovery,

te given by
he sampling
htmospheric
he sampling

ml-min-1ata

art and end
erature and
d and apply

a temperature and pressure correction to theymean volumetric flow rate. Follow the guidance given in

B.2. Then calculate the volume of the airgsampled, in litres, by multiplying the mean volymetric flow
rate,|in litres per minute, by the duration.of the sampling period, in minutes.
12.2 Calculation of mercury_in air concentrations
12.2}1 Calculate the mass cencentration of mercury in the air samples at ambient condjtions, using
the gquation:
[(pHg,l KV; % F) =Py X VO)] %1000
Pue =
whertte
fHg is the calculated mass concentration of mercury in the air sample, in milligrains per cubic
metre, at ambient conditions;
PHg.0 is the mean mass concentration of mercury in the blank test solutions, in micrograms per
litre (see 11.5.6.7);
PHg.1 is the mass concentration of mercury in the sample test solution, in micrograms per litre
(see 11.5.6.3);
vV is the volume, in litres, of the air sample (see 12.1);
Vo is the volume, in millilitres, of the blank test solutions (see 11.3.1.5 or 11.4.1.7);
%] is the volume, in millilitres, of the sample test solution (see 11.3.1.5 or 11.4.1.7);
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F is the dilution factor used in 11.5.6.6 (F = 1 in the absence of dilution).

12.2.2 Ifitis necessary to recalculate mercury in air concentrations to reference conditions (see 10.2.3),
calculate the mean atmospheric temperature and pressure by averaging the measurements taken at the
start and end of the sampling period and apply a temperature and pressure correction to mercury in air

concentrations calculated in 12.2.1 using the equation given in B.3.
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d performance
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performance data given in this clause relate to the particular commercially avai
(dgesl22, 23] and sorbent tubes[24, 25] that were evaluated in the method validation wq
ive badges and sorbent tubes could have different performance characteristies.

rtion and quantification limits

Ipling with diffusive badges and analysis by cold-vapour atomic absorption

njection CVAAS, the method detection limit and quantificdtion limit for mercury, de
es and 10 times the standard deviation of a blank determination, respectively, have
4] to be 0,012 pg and 0,040 pg for samples of mercury vapour collected using a diff

the minimum sampling time of 6 h (equivalent\t6 an air sample volume of 7,2 1)
to mercury-in-air concentrations of 0,002 mg-m-3 and 0,006 mg-m-3, respectively.

Ipling with pumped sorbent tubes and analysis by cold-vapour atomic absorption

njection CVAAS, the method detection limit and quantification limit for mercury, de
es and 10 times the standard.deviation of a blank determination, respectively, have
4] to be 0,009 pg and 0,03Q. g for samples of mercury vapour collected on sorbent {
00 mg of Anasorb and 0,010)jig and 0,033 pg for samples of total inorganic mercury (met

h quartz-fibre prefilters. For the minimum air sample volume of 12 ], this correspon
pir concentrations\of'0,001 mg-m-3 and 0,003 mg-m-3, respectively, in both cases.

e spectrometry

bte ifijection CVAFS, the method detection limit and quantification limit for mer
hreetimes and 10 times the standard deviation of a blank determination, respectively,
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cury,
have

been deter

i Aa (4] to br\ 0onnN2 g and 0009 1o for caranl Xy calloctad an o

ac o

"bent

nma I Yol
TIIrc o= CUO, U0z g ot U, 000 g 1T SatrpIcs O T ut y vapuour COntTttCOUIT SU

tubes containing 200 mg of Anasorb. For the minimum air sample volume of 12 1, this corresponds to

mercury-in-

air concentrations of 0,000 2 mg-m-3 and 0,000 7 mg-m-3, respectively.

13.2.4 Sampling with inhalable samplers and analysis by cold-vapour atomic absorption
spectrometry

Using flow injection CVAAS, the method detection limit and quantification limit for mercury, defined
as three times and 10 times the standard deviation of a blank determination, respectively, have been
determined[4] to be 0,003 ug and 0,009 pg for samples of particulate inorganic mercury compounds
collected on quartz-fibre filters. For the minimum air sample volume of 30 1, this corresponds to
mercury-in-air concentrations of 0,000 1 mg-m-3 and 0,000 3 mg-m-3, respectively.
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13.3 Upper limits of the analytical range

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

13.3.2 Using a flow injection CVAAS system with a 0,5 ml sample injection volume, the calibration
obtained[4] was significantly curved at mercury concentrations above 0,1 mg-1-1. This is equivalent to
2,5 ug of mercury for the 25 ml sample solution volume used for diffusive badges or 5 pg of mercury
for the 50 ml sample solution volume used for pumped samplers. If greater amounts of mercury are

collected, dilution of sample solutions or the use of a smaller sample loop is required.

13.3
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3 Using discrete injection CVAFS, the calibration obtained[4] was close to linear oveia-j
entration range, and mercury concentrations up to at least 10 mg-1-1 could behéasy
on of the sample. This is equivalent to 250 ug of mercury for the 25 ml samplefselution

ffusive badges or 500 pug of mercury for the 50 ml sample solution volume uséed-for pump

Blank values

orb used in diffusive badge sorbent capsules and sorbent tubes ¢ontains trace amounts

ally has a mercury blank of 0,08 pg, while the 200 mg of Anasorb used in standard s
ally contains 0,02 pg of mercury.

The blank due to mercury impurities in the Anasorb has much more influence on th
sis of diffusive badges than on that of pumped sorbent'tubes. This is because the quantity
imes greater and because the sampling rate is 10 tilmes lower. The net effect is to make the bl
er compared with the mass of mercury sampled.-Technically, both methods do not meet the E
76[12] requirement that the blank value shoulddot exceed 1/3 of the mass of analyte collect

bent capsules and sorbent tubes is such that conformity with the overall performance requir
ards is nevertheless achieved using both-sampling methods.

Bias and precision

1 Analytical bias

atory experiments-have shown that the analytical method does not exhibit significg
analytical recgvery has been determined[4] to be 97,4 % for sorbent tubes containin
orb dosed inthe'range 0,15 pg to 4,8 ug of mercury, 96,2 % for quartz-fibre prefilters

nhuch greater
red without
bolume used
ed samplers.

of mercury.
nt capsules
rbent tubes

b accuracy of
bf Anasorb is
ank 40 times
N 838[11] and
ed at 1/10 of

mit value for the minimum sampling time. However, the consistency of the mercury blanks wjithin batches

bments of the

nt bias. The
g 200 mg of
and sorbent

tube fibre filters

dose

5 containing-200 mg of Anasorb dosed with 2,4 pg mercury and 93,3 % for quartz
d with 24 g mercury.

13.5{2-"Analytical precision

The component 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,
and is at a minimum when the concentration of mercury in the test solution is in the mid-range of the
calibration. Laboratory experiments have been carried out to obtain figures of merit for CV(analysis).
Using flow injection CVAAS, CV(analysis) has been determined[4] to be 0,7 % for sorbent tubes
containing 200 mg of Anasorb dosed with 2,4 pug of mercury, 3,9 % for sorbent tubes containing 200 mg
of Anasorb with quartz-fibre prefilters dosed with 2,4 ug of mercury and 2,2 % for quartz-fibre filters
dosed with 2,4 ug of mercury. Using discrete injection CVAFS, CV(analysis) has been determinedl4] to be
4,1 % for sorbent tubes containing 200 mg of Anasorb dosed with 2,4 pg of mercury
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