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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 1SO
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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

The ain task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopfed by the technical committees are circulated to the member bodies fer \voting. Publigation as an
International Standard requires approval by at least 75 % of the member bodies-casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightd. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17733 was prepared by Technical Committee ISO/TC 146,<Air quality, Subcommittee SC 2, Workplace
atmoppheres.

© 1SO 2004 - All rights reserved \
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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
measureme or me ry_and inorganic me ompounds in e in ind nvill be of benefit to:

analysis techniques available for determination of mercury and inorganic mercury compounds in airl2l] This
procedure has been fully validated and the resulting back-up data are freely availablel31l. Similar mefhods
have been published by the United States Occupational Safety and Health Administration (OSHA)P®{l and
the United Sfates National Institute of Occupational Safety and Health (NIOSH)[")

It has been assumed in the drafting of this International Standard that the execution of its provisions and the
interpretatior] of the results obtained are entrusted to appropriately qualified‘ahd experienced people.

vi © ISO 2004 — All rights reserved
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Workplace air — Determination of mercury and inorganic

me

rcury compounds — Method by cold-vapour atomic

absorption spectrometry or atomic fluorescence spectrometry
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International Standard specifies a procedure for determination of the time-Weighted a
bntration of mercury vapour and inorganic mercury compounds in workpldce air. Mercy
ted on a solid sorbent using either a diffusive badge or a pumped sorbent.tube. Particul
Lry compounds, if present, are collected on a quartz fibre filter. Sample§ are analysed usir

acid dissolution of the mercury collected.

nternational Standard is applicable to the assessment of pefsonal exposure to mercury V|
ulate inorganic mercury compounds in air for comparison with long-term or short-term expo
Lry and inorganic mercury compounds and for static (area):sampling.

ling and analysis methods selected by the user;, but it is typically in the range 0,01 ug

ive badge, sorbent tube or filter used for sample collection, but it is at least 30 ug of mercu
toncentration range of mercury in air forwhich this International Standard is applicable is ¢

iffusive badge method is not appliecable to measurements of mercury vapour when chloring
mosphere, e.g. in chloralkali werks, but chlorine does not interfere with the pumped sorbent
13.11.1). Gaseous organo-mercury compounds could cause a positive interference in the
ercury vapour (see 13,11.2). Similarly, particulate organo-mercury compounds a
o-mercury compoundsyadsorbed onto airborne particles could cause a positive interfe
urement of particulate,inorganic mercury compounds (see 13.11.3).

2

ormative-references

The following referenced documents are indispensable for the application of this documen
refergnces,’ only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

erage mass
ry vapour is
bte inorganic
g either cold

ir atomic absorption spectrometry (CVAAS) or cold vapour atomic fluorescence spectrometry (CVAFS)

apour and/or
sure limits for

ower limit of the working range of the procedure is\the quantification limit. This is determined by the

o 0,04 ug of

Lry (see 13.1). The upper limit of the working.range of the procedure is determined by the capacity of the

y (see 13.2).
etermined in

y the sampling method selected by the.user, but it is also dependent on the air sample volume.

is present in
tube method
heasurement
hd gaseous
rence in the

t. For dated
b referenced

ISO 648, Laboratory glassware — One-mark pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 3585, Borosilicate glass 3.3 — Properties

ISO 3696:1987, Water for laboratory use — Specifications 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

© IS0
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ISO 8655-2, Piston-operated volumetric apparatus — Part 2: Piston pipettes
ISO 8655-5, 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 purpgses of this document, the following terms and definitions apply.

3.1 General definitions

3141
chemical agent
any chemical element or compound, on its own or admixed as it occurs in the natural state or as producgd by
any work actfvity, whether or not produced intentionally and whether or not placed on the market

NOTE THis definition is taken from the “Council Directive 98/24/EC of 7 April1998 on the protection of the health and
safety of workers from the risks related to chemical agents at work”.

[EN 154018]]

31.2
breathing z¢ne
(general) spgce around the worker's face from where he or'she takes his or her breath

313
breathing z¢ne
(technical) hemisphere (generally accepted to~be 0,3 m in radius) extending in front of the human |face,
centred on the midpoint of a line joining the\ears, whose base is a plane through this line, the top of the|lhead
and the larynx

NOTE 1 THis definition is not applicable- when respiratory protective equipment is used.

NOTE2  Adapted from EN 1540[8},

314
exposure
(by inhalation) situationvin which a chemical agent is present in air which is inhaled by a person

3.1.5
measuring precedure
procedure for sampling and analysing one or more chemical agents in the air, including storage and
transportation of the sample

3.1.6

operating time

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

[EN 123219]]

2 © ISO 2004 — All rights reserved
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317

time-weighted average concentration

TWA concentration

concentration of a chemical agent in the atmosphere, averaged over the reference period

NOTE A more detailed discussion of TWA concentrations has been published by the American Conference of
Government Industrial Hygienists (ACGIH)["0l.

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

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

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

NOTE Examples of limit values for different reference periods are short-term and, long-term exposure |imits, such as
thosel|established by the ACGIHI"],

3.1.1p
workplace
defingd area or areas in which work activities are carried out

[EN 154008]]

3.2 | Particle size fraction definitions

3.21
inhalable convention
targel specification for sampling instruments When the inhalable fraction is of interest

[1SO [r708]

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

NOTEH The inhalable_fraction depends on the speed and direction of air movement, on breathing fate and other
factorp.

[1SO [7708]
3.2.3

total|[airborne particles
all particles surrounded by air in a given volume of air

NOTE Because all measuring instruments are size-selective to some extent, it is often impossible to measure the
concentration of total airborne particles.

[ISO 7708]

© 1SO 2004 - All rights reserved 3
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3.3 Sampling definitions

3.31

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

3.3.2
diffusive sa

passive sampler

device whicH is capable of taking samples of gases or vapours from the atmosphere at a rate_controlled
physical progess such as gaseous diffusion through a static air layer or permeation through'a-membran
which does rfot involve the active movement of air through the sampler

[EN 838[11]]

3.3.3

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

[EN 154018]]

3.34

personal sampling
process of sampling carried out using a personal sampler.

[EN 1540[8]]

3.35
sampler

device for collecting airborne particles

NOTE Intruments used to collegt~airborne particles are frequently referred to by a number of other terms
sampling heads, filter holders, filter cassettes, etc.

3.3.6

pumped sorbent tube

by a
2, but

, eg.

tube, usuallyl made of-mietal or glass, containing an active sorbent or reagent-impregnated support, thfough

which sampléd atmosphere is passed at a rate controlled by an air sampling pump

[EN 1076012

3.3.7

static sampler

area sampler

device, not attached to a person, that samples air in a particular location

3.3.8

static sampling
area sampling
process of air sampling carried out using a static sampler

© ISO 2004 — All rights reserved
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Analytical definitions

blank solution
solution prepared by taking a reagent blank, laboratory blank or field blank through the same procedure used
for sample preparation

3.4.2

calibration blank solution
calibration solution prepared without the addition of any working standard solution

NOTI— Tl oot £ a—tla [HT ol 1 [ re—tal Lo Lo
= T LUTNLCTIUAlUIT UTTHIITTUUTy T Ui Lalivratiulnm Uldline SUTULIVTT TS IdRTIT U VT £ZTTU.

343

calibration solution

solut
suita

ble for use in calibration of the analytical instrument

NOTH The technique of matrix-matching is normally used when preparing calibration solutions.

3.4.4
field

blank

sorbgnt capsule, filter or sorbent tube that is taken through the same\handling procedure as a s3

that i

is not used for sampling

NOTH For the purposes of this International Standard, the fi€ld’blank is loaded into a diffusive bad
sorbeht tube holder, transported to the sampling site and then retirned to the laboratory for analysis.

3.4.5

laboratory blank

unus

leavg the laboratory

3.4.6

lineay dynamic range

rang

of concentrations over which:the calibration curve for mercury is linear

NOTH The linear dynamic.range extends from the detection limit to the onset of calibration curvature.

3.4.7
matr
matr
non-

x interference
x effect
spectral interference

interference_of\a non-spectral nature caused by a difference between the matrices of the calibra

solut

3.4.8
matr

ons

on prepared by dilution of the working standard solution, containing mercury at.a’concenfration that is

mple, except

gje, sampler or

ed sorbent capsule, filter or sorbent tube,taken from the same batch used for sampling, fhat does not

tion and test

ix-matching

technique used to minimize the effect of matrix interferences on analytical results, involving the preparation of
calibration solutions in which the concentrations of acids and other major solutes are matched with those in
the test solutions

3.4.9

reagent blank
combination of all reagents used in sample dissolution, in the same quantities used for preparation of
laboratory blank, field blank and sample solutions

© IS0
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3.4.10
sample diss

olution

process of obtaining a solution containing mercury from a sample, which might or might not involve complete
dissolution of the sample

3.4.11

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

3.412

sample solutien

solution prep|

NOTE A
solution that is

3.4.13

ared from a sample by the process of sample dissolution

sample solution might need to be subjected to further operations, e.g. dilution, in order to produce
ready for analysis.

stock standard solution

solution, use
traceable to

3.4.14
test solution
blank solutio
it into a state|

NOTE TH
solutions are 1

3.4.15
working sta
solution, pre
better suited
solution

i for preparation of the calibration solutions, containing mercury at a cettified concentration t
hational standards

N or sample solution that has been subjected to all operations, including dilution, required to
in which it is ready for analysis

e blank test solution is the blank solution and the samiple test solution is the sample solution, if
ot subjected to any further operations before analysis.

hdard solution
pared by dilution of the stock standard\solution, that contains mercury at a concentration t
to preparation of calibration solutions’than the concentration of mercury in the stock sta

3.5 Statistical terms

3.5.1

analytical rgcovery

ratio of the m

NOTE It

3.5.2
bias
consistent d

ass of analyte measured when a sample is analysed to the known mass of analyte in that sz

s expressed@s‘a percentage.

byiation of the measured value from the value of the air quality characteristic itself, o

a test

hat is

bring

these

hat is
hdard

mple

r the

accepted ref

Tence vatue

[1SO 6879113]]

3.5.3

overall uncertainty
(of a measuring procedure or of an instrument) quantity used to characterize as a whole the uncertainty of a
result given by an apparatus or measuring procedure

NOTE It is expressed, as a percentage, by a combination of bias and precision, usually according to the formula:
X - + 2
w % 100
Xref
6 © ISO 2004 — All rights reserved
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where

x is the mean value of results of a number (n) of repeated measurements;
Xyef is the true or accepted reference value of the measurement;
s is the standard deviation of the measurements.

[EN 482[14]]

3.54
precision
closeness of agreement between independent test results obtained under stipulated conditions

[1ISO p879l13]]

3.5.5
true yalue

valug which characterizes a quantity perfectly defined in the conditions which ‘exist when that quantity is

considered

NOTH The true value of a quantity is a theoretical concept and, in general, canno’be known exactly.

[1SO B534-1015]]

NOTH 1 The parameter might be, for example, ca standard deviation (or a given multiple of it), or f
confidence interval.

NOTH 2  Uncertainty of measurement comprises, in general, many components. Some of these comp
evalugted from the statistical distribution of the results of series of measurements and can be characterize
deviafions. The other components, which.also can be characterized by standard deviations, are evaluated
probapility distributions based on eXpétience or other information. The GUMI'7] refers to these different ca
and Tlype B evaluations of uncertainty, respectively.

rinciple

Merclry vapour. is~collected either actively or passively. Active sampling involves drawing a kno
air tHrough a.soerbent tube using a pump, whilst passive sampling relies upon the principle
diffugion intora badge. In both the pumped and diffusive sampling methods, mercury vapour
sampling“device is collected on a proprietary solid sorbent that is widely known as Hydrar (see

dispersion of

he width of a

bnents can be
d by standard
from assumed
5es as Type A

vn volume of
of controlled
entering the
8.1.2) but is

tlymarketed as Anasorb C 300.

Different sampling methods are used depending on the specific application.

a) If it is known that no particulate inorganic mercury compounds are present in the test

atmosphere,

mercury vapour is collected using a diffusive badge or by drawing a known volume of air through a

sorbent 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 quartz fibre filter mounted in a
sampler designed to collect the inhalable fraction of airborne particles, as defined in ISO 7708, using a

pump.

© 1SO 2004 - All rights reserved
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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 mercury vapour, is preceded by a quartz
fibre filter to collect particulate inorganic mercury compounds, unless these do not make up a significant
proportion (e.g. > 10 %) of the total inorganic mercury (mercury vapour and particulate inorganic mercury

compounds) present in the test atmosphere (see 10.1.3).

After sampling, the sorbent and/or filter are treated with 2 ml of concentrated nitric acid and 2 ml of
concentrated hydrochloric acid and heated in a thermostatically-controlled water bath at 50 °C for 1 h to
dissolve the collected mercury. Sample solutions are mixed with tin(ll) chloride solution in a continuous flow,
flow injection, or discrete injection cold-vapour generation system. Mercury vapour is formed by reduction of
divalent mercury ions and thls is qushed by a stream of inert gas |nto the measurement cell of an atomic
absorption s . v—cathode
lamp or eleci{rodeless dlscharge Iamp Absorbance or fluorescence measurements are made at 253 7 nm and
analytical reqults are obtained by the analytical curve technique (see 6.1 of ISO 6955:1982[18]),

The results nay be used for the assessment of workplace exposure to mercury vapour, in@rganic me
compounds ¢r total inorganic mercury (see EN 689[19]).

rcury

5 Interfe

The diffusivd
present in th

sorbent tube
in the measu

rences

badge method is unsuitable for making measurements of mercury vapour when chlori
e atmosphere, e.g. in chloralkali works. However, chlorine . does not interfere with the pu
method (see 13.12.1). Gaseous organomercury compoundsicould cause a positive interfe
rement of mercury vapour (see 13.12.2). Particulate organomercury compounds contained

ne is
mped
ence
ithin

airborne parficles and gaseous organomercury compounds adsorbed onto airborne particles could calise a

positive inter]
interferences
International

ference in the measurement of particulate inorganie(mercury compounds (see 13.12.3). Sp
are not significant when measuring mercury by\CVAAS using the procedure described i
Standard and they do not occur when measuring mercury by CVAFS (see 13.12.4).

betral
N this

6 Requitement

The measurgment procedure shall comply with any relevant international, european or national standargl that
specifies pefformance requirements for procedures for measuring chemical agents in workplace air| (e.qg.
ISO 6879[13]).

7 Reagents

During the analysis, use only reagents of recognized analytical grade and only water as specified in 7.1.

7.1 Water| complying with the requirements for ISO 3696 grade 2 water (electrical conductivity less| than

0,1 mS:m~1 and resistivity greater than 1 MQ.cm at 25 °C).

ndad - that tha wwatar piead ha Altainad fram A vantar A eifinatias
oot e vwvotcT oo Co—oC— oo M CC— T oo ywwatcT—pormcaton

It is recom
water having a resistivity greater than 18 MQ.cm.

hpure

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

The concentration of mercury shall be less than 0,002 mg-I-.
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 protective

equipment (including gloves, face shield or safety glasses, etc.) when working with nitric acid, and
carry out sample dissolution with concentrated nitric acid in open vessels in a fume hood.

© ISO 2004 — All rights reserved
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7.3 Nitric acid, diluted 1:9.

Add approximately 700 ml of water (7.1) to a 1 000 ml one-mark volumetric flask (8.3.1.4). Carefully add
100 ml of concentrated nitric acid (7.2) to the flask and swirl to mix. Allow to cool, dilute to the mark with water,
stopper and mix thoroughly.

7.4 Hydrochloric acid (HCI), concentrated, p ~1,18 g-ml~', mass fraction ~36 %.
The concentration of mercury shall be less than 0,002 mg-I-1.

WARNING —Concentrated hydrochloric acid is corrosive and hydrochloric acid vapour is irritant.
Avoi i i ; i i - i | protective
equipment (including gloves, face shield or safety glasses, etc.) when working with hydreghloric acid.
Handle open vessels containing concentrated hydrochloric acid in a fume hood. The vapqur pressure
of hyldrochloric acid is high, therefore beware of pressure build-up in stoppered flasks when preparing
hydrpchloric 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). Carefdlly add 40 ml
of copcentrated nitric acid (7.2) 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,
NOTH This reagent is only required for analysis of sorbent tube samples.
7.6 | 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). Carefylly add 80 ml
of copcentrated nitric acid (7.2) 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 This reagent is only required for analysis of diffusive badge samples.
7.7 | Tin(ll) chloride dihydrate (SnCl5:2H,0).

The ¢oncentration of mercury shall'be less than 10 ug-kg=".

Tin(ll) chloride of a lower purity may be used if mercury contamination is removed from the tin(ll) chloride
solutjon before use by bubbling through nitrogen or clean air.

7.8 | Tin(ll) chloride solution, p= 10 g-I-1.

Weigh 10 g of-in(Il) chloride (7.7) into a 500 ml beaker (8.3.1.1), add 30 ml of hydrochloric acid (7.4), cover
with ja watchglass and leave for approximately 15 min until dissolved. Transfer to a 1 000 ml one-mark
volumetric flask (8.3.1.4), dilute to the mark with water (7.1), stopper and mix thoroughly. Preparg this solution
fresh{on.the day of use.

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

Use a commercial standard solution with a certified mercury concentration traceable to national standards.
Observe the manufacturer's expiration date or recommended shelf life.

WARNING — Mercury compounds are toxic by skin absorption. Take great care when working with
solutions containing mercury to avoid skin contamination.

A stock mercury standard solution with a different concentration of mercury may be used, if desired. However,

in such circumstances, the volumes of solution used to prepare working mercury standard solution A (7.10)
and mercury standard solution B (7.11) shall be adjusted accordingly.
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7.10 Working mercury standard solution A, p= 10 gI-".

Accurately pipette 0,5 ml of stock mercury standard solution (7.9) into a 50 ml volumetric flask (8.3.1.4). Add
1 ml of concentrated nitric acid (7.2), dilute to the mark with water (7.1), stopper and mix thoroughly. Prepare
this solution fresh weekly.

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

Accurately pipette 5 ml of working mercury standard solution A (7.10) into a 50 ml volumetric flask (8.3.1.4).
Add 1 ml of concentrated nitric acid (7.2), dilute to the mark with water (7.1), stopper and mix thoroughly.
Prepare this solution fresh weekly.

7.12 Labor
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to the manuf
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htory detergent solution.

ratory grade detergent, suitable for cleaning of samplers and labware, with water (7.1) acca
bcturer's instructions.

Sampling equipment for diffusive sampling

, suitable for use in cold vapour atomic absorption spectrometry or 'eold vapour a
spectrometry.

sive badges, lightweight, reusable, designed to_be used with sorbent capsules (8.1.
pling of mercury vapour (see 10.3.1).

ffusive badges suitable for sampling of mercury vapour are commercially availablel?21123], The des
s illustrated as an exploded diagram in Figure -

ent capsules, suitable for sampling ©f mercury vapour when used in diffusive badges (8
0 mg of Hydrar (Anasorb C 300),supplied in sealed plastic pouches that can be resealed

drar is a name previously ,given by SKC Inc. to the sorbent used in the diffusive badges and pU
it manufactures for sampling/mercury vapour. Hydrar is a granular preparation of hopcalite (a mix{
anganese oxides) deposited on a ceramic substrate. It is manufactured by Carus under the trade
rimarily for use as an industrial catalyst. SKC uses Carulite 300 in its diffusive badges and pumped s
nding to a suitable mesh size, and it currently refers to this sorbent as Anasorb C 300").

been shownito\have an irreversible affinity for mercury and to be a suitable sorbent for sampling m
11211 Hopealite is completely dissolved by the mixture of nitric acid and hydrochloric acid used in the s
bthod (11-41), yielding a clear blue/green solution. However, an insoluble residue of ceramic sul
reatment of Anasorb with acid, resulting in a milky suspension. This has to be removed before analy
brAiltration.
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NOTE 2

Mercury vapour enters the diffusive badges by positively controlled diffusion. It is then irreversibly absorbed by

the Anasorb C 300 contained in the sorbent capsule. No sampling pump is required. Samplers can be cleaned and reused
with new sorbent capsules.

NOTE 3

may be used if it can be demonstrated that they give equivalent performance.

1)

Similar diffusive badges and corresponding sorbent capsules packed with Anasorb C 300 or a similar sorbent

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 International Standard and does not constitute an endorsement by ISO of the product named. Equivalent

products may

10

be used if they can be shown to lead to the same results.
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?
1
Key
1 sealing cap
2 sampler housing
3 spgmpling face disc
4 njesh discs
5 “O’ring
6 sprbent capsule
7 fgam disc
8 rgmovable back cover
Figure 1 =\Mercury diffusive badge

8.2 | Sampling equipment for pumped sampling
8.2.1| Sorbent tubes, glass/ containing a single section of 200 mg or 500 mg of Angsorb C 300,
flamg-sealed at each end, with plastic end caps, for pumped sampling of mercury vapour (see 1P.4.1.1.1 and
10.4.01.1.3).
NOTH1 Two types éf-sorbent tube packed with Anasorb C 300 are commercially available?4125]] The smaller,
standprd tube is 70 mm long, with an external diameter of 6 mm and an internal diameter of 4 mm, and contgins 200 mg of
Anasgrb C 300 granules retained by small glass wool plugs. The larger tube is 110 mm long, with an exterpal diameter of
8 mm|and an internal diameter of 6 mm. It contains 500 mg of Anasorb C 300 and is intended for sampling at higher air
flow rptes, in.ordefr to measure low concentrations of mercury, or for shorter sampling periods (< 1 h). The gonstruction of
these|sorbenttubes is illustrated in Figure 2. Similar sorbent tubes packed with Anasorb C 300 or a similar sprbent may be
used [f 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 sampling rates.

© IS0
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L
Key
1 flame-sealed end through which the sampled air is drawn after tip is broken
2 metal wirg spring-clip holding glass wool plug in place
3 Anasorb ¢ 300 sorbent
4 flame-sealed end to which suction is applied after tip is broken
5 glass wod| plug

Figure 2 — Mercury sorbent tube

8.2.2 Sorhent tube holders, suitable for use-with the sorbent tubes (8.2.1), designed so that the injernal
surfaces haye minimal contact with sampled-air in order to reduce the risk of loss of mercury vapopr by
surface adsgrption, and so that when assembled, the tube and holder do not allow any leakage of sampled air.

8.2.3 Sorhent tube and prefilter-assemblies, consisting of a quartz-fibre filter (8.2.6) mounted in a glastic
sampling cagsette (8.2.4) or an inhalable sampler (8.2.5) connected to the inlet of the sorbent tube (8.2.1) with
a minimum length of inert plastic tubing, e.g. polytetrafluoroethylene (PTFE) or modified polyvinyl ch|oride
tubing, for sampling of mercury vapour in the presence of high concentrations of airborne particles| (see
10.4.1.1.1) of sampling of mércury vapour and particulate inorganic mercury compounds (see 10.4.1.1.3)

NOTE Sgrbent tube ‘and prefilter assemblies are only necessary if the concentration of airborne particles cotlild be
sufficiently hig
(see 10.4.1.1.
(e.g. > 10 %) ¢
(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 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).
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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 In general, personal samplers for collection of the inhalable fraction of airborne particles do not exhibit the
same size-selective characteristics if used for static (area) sampling.

NOTE 2  Some inhalable samplers are designed to collect the fraction of airborne particles on a filter, so that any
particulate matter deposited on the internal surfaces of the sampler is not of interest. Other inhalable samplers are
designed such that airborne particles that pass through the entry orifice(s) match the inhalable convention, in which case
partichilate matter deposited on the internal surfaces of the sampler does form part of the sample. (Sgmplers of this
secorld type generally incorporate an internal filter cassette or cartridge that can be removed from the sampler to enable
this nfaterial to be easily recovered.)

8.2.6| Filters, quartz fibre, of a diameter suitable for use in the sampling cassettes (8.2.4)| or inhalable
samplers (8.2.5), with a collection efficiency of not less than 99,5 % for particles‘with a 0,3|um diffusion
diamegter (see 2.2 of ISO 7708:1995).

sampled air or mercury from sample solutions. They are therefore suitable for usé.as prefilters and for coll¢cting samples
of paiticulate inorganic mercury compounds. Mixed cellulose ester filters haye been used successfully as prefilters, but it
is nedessary to use a different procedure[6] for their analysis if they are usedor collecting samples of particplate inorganic
mercyry compounds. It has been reported[?8] that there can be significafit [oss of mercury vapour if mixed fellulose ester
filters|are used as prefilters. However these results were not reproduced.in subsequent work[27].

NOTH Quartz-fibre filters have been shown! to have low mercury blanks and\iof' to absorb mercury V{pour from the

8.2.7| Sampling pumps, with an adjustable flow rate, ¢apable of maintaining the selected flow rate (see
10.4./1.1) to within £ 5 % of the nominal value throughout\the sampling period (see 10.4.1.2).

NOTH 1 A flow-stabilized pump may be required to maintain the flow rate within the specified limits.
For personal sampling, the pumps shall be capable of being worn by the worker without impedingl normal work
activity. Sampling pump flowmeters shall e calibrated using either a primary or secondary standard. If a
secondary standard is used, it shall be ¢alibrated using a primary standard.

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

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

— ¢ither a malfunction indicator which, following completion of sampling, indicates that the air flow has been
?Educed or interfupted during sampling; or an automatic cut-out, which stops the pump if the flow rate is
duced or intefrupted; and

— & facility_for the adjustment of flow rate, such that it can only be actuated with the aid of g tool (e.g. a
gcrewdriver) or requires special knowledge for operation (e.g. via software), so as to preclude inadvertent
rIeadjustment of the flow rate during use.

An integral timer is a highly desirable additional feature.

NOTE 2 EN 12320 requires that the performance of the pumps be such that

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

— a flow rate set within the nominal range does not deviate by more than + 5 % from the initial value under increasing
back-pressure,

— within the range of ambient temperatures from 5 °C to 40 °C, the flow rate measured under operating conditions does
not deviate by more than + 5 % from the flow rate at 20 °C,

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

— the flow rate does not deviate by more than + 5 % from the initial value during the operating time.
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If the sampling pump is used outside the range of conditions specified in EN 1232[%], appropriate action should 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 be measured to within + 5 %.

The calibration of the flowmeter shall be checked against a primary standard, i.e. a flowmeter whose accuracy
is traceable to national standards. If appropriate (see 10.2.2), the atmospheric temperature and pressure at
which the calibration of the flowmeter is checked shall be recorded.

It is advisable to use a flowmeter that is capable of measuring the volumetric flow rate to within + 2 % or better.

8.2.9 Ancillary equipment

8.2.9.1 Flexible tubing, of a diameter and length suitable for making a leak-proof connegtion between
the sampling|pumps and the sorbent tubes and/or the samplers.

8.2.9.2 Belts or harnesses, to which the sampling pumps can conveniently_be- fixed for personal
sampling (except where the sampling pumps are small enough to fit inside worker's pockets).

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

8.2.94 Filter transport cassettes, or similar, if required to transport.samples for laboratory analysisg.
8.2.9.5 Barometer, suitable for measurement of atmospheric pressure, if required (see 10.2).

8.2.9.6 'hermometer, minimum temperature range of 0 °G.to 50 °C, with graduated divisions of 1 [C or

less, for measurement of atmospheric temperature, if requiredi(see 10.2).

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

8.3 Laboratory apparatus
Ordinary labgratory apparatus and the following.

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

It is preferabjle to reserve a set‘of glassware for analysis of mercury by this method in order to ensur¢ 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 Dne-mark pipettes, complying with the requirements of ISO 648.

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

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.

NOTE If sample solutions are to be filtered, the tubes used need not be centrifuge tubes.
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8.3.3 Piston-operated volumetric instruments, complying with the requirements of ISO 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-mark pipettes, for the
preparation of standard solutions, calibration solutions and dilution of samples; and

b) dispensors, complying with the requirements of ISO 8655-5, for dispensing 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

t 1+ £l o Il ] o <l <l <l
retaiypngineorokengrass—SsSnarasproatucea:

Alterpatively, a glass-cutting knife may be used.
8.3.4|2 Glass-cutting wheel, designed for scoring glass tubing, for breaking open-serbent tybes.
Alterpatively, a glass-cutting knife may be used.

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

8.3.5| Water bath, thermostatically controlled, capable of maintainirig a’temperature of approximately 50 °C
(see[11.3.1.3 and 11.4.1.5).

8.3.6| Centrifuge, equipped with rotor buckets suitable for usé.with the centrifuge tubes (8.3.2),
8.3.7| Analytical balance, capable of weighing to an agctracy of + 0,1 mg.

8.3.8| Disposable gloves, impermeable, for preyention of contamination and to protect thg hands from
contgct with 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 sereens from sorbent capsules.

8.3.1p Filter funnels, polypropylene, of a size suitable for use in transferring washings from the internal

surfapes of an inhalable sampler (8.2.5) into a centrifuge tube (8.3.2), if required (see third paragraph in
11.4.01.4).

8.4 | Analyticaldinstrumentation
8.4.1 Spectrometer, either 8.4.1.1 or 8.4.1.2.

8.411 Atomic absorption spectrometer, equipped with a mercury hollow cathofle lamp or
electjodeless discharge 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
solely for mercury analysis, or dual-purpose systems designed for analysis of mercury and hydride-forming elements such
as arsenic, antimony, selenium, etc.
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8.4.2

8.4.2.1

Mercury cold-vapour generation system, either 8.4.2.1 or 8.4.2.2.

operated according to the manufacturer's instructions, incorporating

a)
b)

f)
)]

16

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

multi-channel peristaltic pumps, fitted with appropriate acid-resistant pump tubing,

an autosampler for presentation of the test solution,

Flow injection analysis system (see Figure 3), set up for mercury cold-vapour generation and

an inert injection valve, either solenoid or pneumatically actuated, to inject a reproducible volume of test

ution

burge

solution [into the acid blank stream,
chemically inert mixing piece(s) to facilitate mixing of acid blank or test solution, tin(ll) chloride-s0
and inerf purge gas streams,
a reactign coil (optional) and
a gas/liquid separator with an inlet for the reaction liquid stream and outlets for waste\liquid and the
gas plug gaseous products. A schematic diagram of a typical system is given in Figure 3.
1
messsssssss 1
[ 1
2= )
L
37 [ [
LI s
5
6
~/

autosampler 8  mixing piece
acid blank 9  AAS measurement cell
SnCl, 10 gasl/liquid separator
pump 1 11 argon
pump 2 12 FIA valve in fill position
waste 13 FIA valve 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
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8.4.2.2 Continuous flow (see Figure 4) or discrete injection mercury cold-vapour generation
system (see Figure 5), set up and operated according to the manufacturer's instructions, incorporating

a)
b)
c)

d)

e)

f)
9)

A
®
<

© 00 N O O b W N =~

reservoirs for tin(ll) chloride solution and acid blank,
an autosampler for presentation of the test solution (optional),
an inert switching valve(s), solenoid or pneumatically actuated, to facilitate switching between sample and
acid blank streams (optional),
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(ll) chloride solution
and inert gas streams,
1 reaction coil (optional) and

gas/liquid separator with appropriate inlets for the reaction liquid stream and inertputge gas, and
outlets for waste liquid and the purge gas plus gaseous products.

—— 6
1
7
2 hE \
- H
= -
Z/
9

SnCI2
acid blank
sample
pump
mixing piece
to heated AAS measurement cell
gas/liquid separator
waste
argon

Figure 4 — Schematic diagram of a typical continuous flow CVAAS system
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1 pump1
2 pump 2
3 sample injection valves (operated simultaneously) — shown in blank flow position
4 mixing pidce
5 acid blank
6 sample sqdlution
7 recycled hlank solution
8 SnC|2
9 waste
10 argon
11 gasl/liquidjseparator
12 drier gas ip/out
13 to AFS m¢asurement cell
Figure 5 — Schematic diagram of a typical discrete injection CVAFS system
Flow injection and discrefe, injection systems require a smaller volume of test solution than continuoug flow
systems. They are consequently preferable in this application since the volume of test solution is limitedl and
because meicury readings from continuous flow CVAAS and CVAFS systems can be slow to stabilize.
NOTE 1 In|both flow injection and discrete injection systems, a volume of sample is introduced into the acid|blank
stream resultil u ;n (=) 'JGGIII\ GtUIII;U OPUU{I UIIIUtUI Uutvut (DUU F;HUIUD C (:lll\'lI 7). III fIUVV ;IIjUUt;UII OyDtUIIID, thU OGIIIVIU leUme

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(ll) chloride solution is introduced. In either case, the effect is
a step change in the atomic spectrometer output (see Figure 8).

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(ll) chloride. Even small residues of sodium borohydride are detrimental to the performance
of mercury cold-vapour systems using tin(ll) chloride. Similarly, traces of iodide from potassium iodide used as a
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pre-reductant to reduce arsenate to arsenite will complex with mercury to form Hgl,2-, which does not react with acidic
tin(Il) 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(ll)
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 environment.

[72]
o]
<
0 | | |
0 LO ¢, 9
Figure 6 — Typical output of a flow injection CVAAS system (see Figure 3)
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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 CVAAS system (see Figure 4)
8.4.3 Spe¢trometer measurement cell, of silica or quartz, heated electrically to 100 °C to prevent

condensation of water vapour on the windows, mounted in the<optical path of the atomic abso
spectrometer or the atomic fluorescence spectrometer.

NOTE 1 M

NOTE 2  Spray from gas/liquid separators can be carried into~the measurement cell by the argon stream in|some
cold-vapour géneration systems. In the case of an atomic absaerption system, this is detrimental to the stability of response
of the system pnd damaging to quartz cells. This potential problem can be avoided by inserting a membrane filter made of
PTFE into th¢ tubing from the gas/liquid separator to-the measurement cell. Alternatively, a tube containing frying

ption

basurement cells are usually an integral part of atomic fluorescence spectrometry systems.

granules can
essential that
mercury woul

be used to remove water droplets in the.argon stream. In the case of an atomic fluorescence systen
vater vapour be removed from the gas-entering the measurement cell, otherwise the atomic fluoresce
be quenched. A drying tube, consisting either of drying granules or of a water-permeable membrar

h, it is
hce of
ell in

contact with alstream of dry inert gas, is typicallyused to dry the gas entering the measurement cell.

9 Occuplational exposure assessment

9.1 General
bvant

how

This Internaftional Standard pertains to the taking of personal and static samples. Refer to rel
international | european or national standards (e.g. EN 68919, ASTM E 1370-96[37], etc.) for guidance o
to develop a||| 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
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.
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9.4 Selection of measurement conditions and measurement pattern

9.4.1 General

9411 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.

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

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

Screg¢ning measurements of variation of concentration in time/and or space may be péerformgd to provide
information on the likely pattern of concentration of chemical agents. They can be used 1o identify locations
and periods of elevated exposure and to set the duration and frequency of sampling’/for meagurements for
comparison with limit values. Emission sources can be located and the effectiveness of ventildtion or other
techr{ical measures can be estimated (see 4.3 of EN 482:1994[14]).

9.4.3| Screening measurements of time-weighted average concentration and worst case
measurements

9.4.3(1 Screening measurements of time-weighted average.concentration may be performed to obtain
relatively crude information on the exposure level in order to decide whether an exposure problem exists at all
and, |if so, to appraise its possible seriousness. They may also be used to determine if the exposure is well
below or well above the limit value (see 4.2 of EN 482:1994114]),

9.4.3(2 Screening measurements of time-weighied average concentration are typically carried out in the
initiall stages of a survey to assess the effectiveness of control measures. Sampling may be carriged out during
representative work episodes to obtain clear.ififormation about the level and pattern of expospre, or worst
case|measurements may be made.

NOTE Screening measurements of time-weighted average concentration made to clearly identify work episodes
during which highest exposure occurs are typically referred to as “worst-case measurements” (see 5.2.3.2 of
EN 689:1995[19]).

9.4.4| Measurements nearan emission source
Meagurements may be_performed near an emission source to provide information on the location|and intensity

of thj source. In assogiation with other information they can allow the elimination of a suspecteq source as a
significant contribUtor to exposure (see 4.4 of EN 482:1994[14]).

9.4.5 Measurements for comparison with limit values and periodic measurements

9.4.51 Measurements for comparison with limit values

9.4.51.1 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 4.5 of EN 482:1994[14]),

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).
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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.

9.4.5.2 Periodic measurements

Periodic measurements are performed to determine whether exposure conditions have changed since

measurements for comparison with limit values were made, or whether control measures remain effective
(see 4.6 of EN 482:1994[14]).

10 Sampling

10.1 Selection of sampling method

10.1.1 Meagurement of mercury vapour

If results arg required for comparison with a limit value for mercury vapour or for tofal inorganic mgq
(mercury vapour and inorganic mercury compounds) and it is known that no partigulate inorganic me
compounds dre used in the workplace and that none are produced in the processes-Carried out, use eithér the
diffusive badge method specified in 10.3 or the pumped sorbent tube method spéecified in 10.4.1.1.1 to cpllect
samples of miercury vapour. See Annex A for guidance on the advantages and disadvantages of the diffusive
and pumped|sampling methods.
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10.1.3 Meagurement of mercury vapour and/particulate inorganic mercury compounds
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proportions
compounds
the sorbent
comparison
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ry vapour and particulate inorganic mercury compounds are believed to be present in signi
n the test atmosphere, collect samples of mercury vapour and particulate inorganic me
with a pumped sorbent tube and prefilter using the method specified in 10.4.1.1.3. Then an
tube and filter separately or together, depending upon whether the results are require
vith separate limit values for mercury and inorganic mercury compounds or for comparison
[ total inorganic,mercury (mercury and inorganic mercury compounds).

NOTE TH
significant prd
present in the

e prefilter may-be omitted if it is believed that particulate inorganic mercury compounds do not makg
portion (€:g, are <10 %) of the sum of mercury vapour and particulate inorganic mercury comp
test atmesphere (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 correction is to be made,
measure and record the atmospheric temperature and pressure at the start and at the end of the sampling
period (see 10.3.4.1 and 10.3.4.2). Then calculate a temperature- and pressure-corrected sample uptake rate
following the procedure given in B.1.
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10.2.2 Effect of temperature and pressure on volumetric flow rate in the pumped sampling method

See the manufacturer's instructions to determine if the volumetric flow rate indicated on the flowmeter (8.2.8)
is dependent upon temperature and pressure. Consider whether the difference between the atmospheric
temperature and pressure at the time of calibration of the flowmeter and during sampling is likely to be great
enough to justify applying a correction to take this into account, e.g. if the error could be greater than + 5 %.
See B.2. If a correction is necessary, measure and record the atmospheric temperature and pressure at which
the calibration of the flowmeter is checked (see 8.2.8), and measure and record the atmospheric temperature
and pressure at the start and at the end of the sampling period (see 10.4.4.1 and 10.4.4.3). Then calculate a
temperature- and pressure-corrected volumetric flow rate following the procedure given in B.2.

10.2.g"ExXpression of results

Consjider whether it is necessary to recalculate mercury in air concentrations to reference-¢onditions (such as
in high altitude situations). If so, measure and record the atmospheric temperature and préssurg at the start
and at the end of the sampling period (see 10.3.4.1 and 10.3.4.2 or 10.4.4.1 and,10,4.4.3), apd follow the
procgdure given in B.3 to apply the necessary correction to the mercury-in-air eoncentrations |calculated in
12.2.11.

NOTE The concentration of mercury in air is generally stated for actual environmental conditions| (temperature,
presspre) at the workplace during the sampling period.

10.3| Diffusive sampling
10.3.1 Selection and use of diffusive badges

10.3.1.1 Sampling of mercury vapour

Use dliffusive badges (8.1.1) to collect samples for'measurement of personal exposure to merciiry vapour or
the bpckground concentration of mercury vapourin air.

10.3.1.2 Sampling period
Seled¢t a sampling period that is appropriate for the measurement task (see 9.4), but ensure that it is long
enoufgh to enable mercury to be/determined with acceptable overall uncertainty at levels of industrial hygiene

significance. It is recommendéd that sampling be carried out over the entire working period, bug in any case
the spmpling time shall not e less than 6 h (see 13.6.1).

10.3.1.3 Sample handling

To mjinimize thejrisk 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

10.3.2 /Preparation for sampling

10.3.2.1 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
polyethylene mesh discs, retaining internal metal O-ring and foam disc in a suitable container. Soak in 1:9
nitric acid (7.3) for at least 1 h.

10.3.2.1.2 Soak the two polyethylene mesh discs separately in 1:9 nitric acid (7.3) for at least 1 h, ensuring
that any traces of Anasorb C 300 dust are removed, since these will otherwise trap mercury vapour when the
badge is reused, thus preventing it from entering the capsule.
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10.3.2.1.3 Rinse all parts of the diffusive badge at least three times in water (7.1). Dry as 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 become 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
become dislodged from the sorbent capsule during transit. Load each sorbent capsule into a clean diffusive
badge (10.3.2.1.3) with the mesh side facing towards the sampling face (see Figure 1). Place a clean foam
disc in the back cover of each sampler and then f|t the back cover to the sampler housing (see F|gure 1).

after sampli g Always use samplers within a few days of loading with sorbent capsules, as the sealing|caps
do not provide a hermetic seal.

10.3.2.2.2 Retain in unopened pouches at least four unused sorbent capsules from the same batch usg¢d for
sample colleftion. Use these for preparation of calibration solutions (see 11.3.2) so that calibration solytions
and sample golutions are matrix-matched.

10.3.2.3 Figld blanks

10.3.2.3.1 etain as field blanks at least one unused diffusive badge(10.3.2.2.1) from each batch ¢f ten
prepared, subject to a minimum of two. Treat these in the same manner as those used for samplind with
respect to stprage 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 negessary 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 ofisorbent capsules differs very little from one box of s¢rbent
capsules to the next, provided that they have the same batch number.

10.3.3 Sampling position

10.3.3.1 Pg¢rsonal sampling

Remove the |diffusive badge from-its’plastic pouch and position it in the worker's breathing zone, as cldse to
the mouth apd 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 mefcury.

10.3.3.2 Static (area)'sampling

10.3.3.2.1 If static sampling is carried out to characterize the background concentration of mercury in air,
select a sanpling’ position that is sufficiently remote from the work processes, such that results will npt be
directly affected IL)y Tercury frommemissionsources—Remove thediffusive 'Uddgc fronits pidbtib puuuil and fix
it to a stand or convenient fixture in a suitable position to monitor the background concentration of mercury in
air at breathing height.

10.3.3.2.2 If the air is very still (air speed < 7,5 m-min-1), use the pumped sorbent tube method (10.4) or
take note of the fact that low results will be obtained (see 13.7.3). In windy conditions (air speed > 230 m-min—1),
provide shielding from the wind.

10.3.4 Sample collection

10.3.41 Remove the protective cap from the diffusive badge and record the time at the start of the
sampling period. If appropriate (see 10.2.1 and 10.2.3), measure the atmospheric temperature and pressure
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at the start of the sampling period, using the thermometer (8.2.9.6) and barometer (8.2.9.5) respectively, and
record the measured values.

10.3.4.2 At the end of the sampling period (see 10.3.1.2), replace the protective cap, record the time and
calculate the duration of the sampling period. If appropriate (see 10.2.1 and 10.2.3), measure the atmospheric
temperature and pressure at the end of the sampling period using the thermometer (8.2.9.6) and barometer
(8.2.9.5) and record the measured values.

10.3.4.3 Carefully record the sample identity and all relevant sampling data (see Clause 14).

10.3.5 Transportation of samples

10.3.L‘).1 Remove the sorbent capsule from the badge taking care not to contaminate it (see*{0.3.1.3) and
placq it in the plastic pouch in which it was received. Seal the pouch with the label proyided by the
manufacturer for this purpose. Write the sample number and other details pertinent to the'sample|on the label.
10.3.p.2 Transport the sealed plastic pouches containing the sorbent capsules(10.3.5.1) to the laboratory
in a gontainer which has been designed to prevent damage to the samples in transit and which has been
labelled to assure proper handling.
10.3.5.3 Follow sampling chain of custody procedures to ensure sample traceability. Engure that the
documentation which accompanies the samples is suitable for a “chain of custody” to be establighed (see, for
example, ASTM D 4840-88[28]).

10.3.5.4 Follow the same procedure for the field blanks (10:3:2.3).

10.3.p.5 Analyse the samples within four weeks of sampling.

10.4| Pumped sampling

10.4.l 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 $orbent tubes (8.2.1).10 ¢ollect samples for measurement of personal exposure to mercury yapour or the
background concentration-ef mercury vapour in air. Precede the sorbent tubes with prefilters (se¢ 8.2.3) if the
concentration of airberne particles could be sufficiently high that there is a risk of blockage of the glass wool
plugq that retain the MAnasorb sorbent in the tubes. Use a flow rate within the range recommegnded by the
manufacturer of the'sorbent tube, normally 200 ml-min~" for a 200 mg tube or 2 I-min~"for a 500 mg tube.

10.4.1.1.2 >Sampling of particulate inorganic mercury compounds

Use quartz-fibre filters (8 2 6) mounted in inhalable samplers (8 2 5) to collect samples for measurement of
personal exposure to particulate inorganic mercury compounds or to measure the background concentration
of particulate inorganic mercury compounds in air. Use the samplers at their design flow rate and in
accordance with the manufacturer's instructions, so that they collect the inhalable fraction of airborne particles.

10.4.1.1.3 Sampling of mercury vapour and particulate inorganic mercury compounds

Use sorbent tubes (8.2.1) to collect samples of mercury vapour and particulate inorganic mercury compounds
for measurement of personal exposure to mercury vapour and particulate inorganic mercury compounds or
the background concentration of mercury vapour and particulate inorganic mercury compounds in air. Precede
the sorbent tubes with prefilters (see 8.2.3) 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 Note), using an inhalable sampler (8.2.5) rather than a plastic
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sampling cassette (8.2.4) in the sorbent tube and prefilter assembly. Use a flow rate within the range
recommended by the manufacturer of the sorbent tube, normally 200 ml-min~" for a 200 mg tube or 2 I-min~!
for a 500 mg tube.

Exposure limits for particulate 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,
an inhalable sampler should be used in the sorbent tube and prefilter assembly. If an inhalable sampler is not
available that has a design flow rate compatible with the manufacturer's recommended range of flow rates for
the sorbent tube, it will be necessary to collect separate samples for determination of mercury vapour and
particulate inorganic mercury compounds using the methods referred to in 10.4.1.1.1 and 10.4.1.1.2.
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which particulate inorganic mercury compounds are trapped by sorbent tubes is reasonably high, th
rmed experimentally. Furthermore, the sampling characteristics of sorbent tubes for airborné)particl
osure limits for inorganic mercury compounds and for total inorganic mercury (mercufyand ino
ounds) generally apply to the inhalable fraction of airborne particles, as defined in IS@ 7708. Unde
, in order to meet national requirements, sorbent tubes should act as inhalable sampléers,‘which they a
D. In consideration of these two sources of potential sampling bias, it is acceptable to analyse the s
| plugs in order to estimate total mercury-in-air concentrations, but only if it is known that the majority
ed is in the vapour state. In this case the overall bias of the sampling method-wilhDbe acceptably small.

Select a sampling period that is appropriate for the measurement task (see 9.4), but ensure
gh to enable mercury to be determined with acceptable .overall uncertainty at levels of indy
ficance. For example, estimate the minimum sampling.time required to ensure that the amo

sphere at a concentration of 0,1 times its limit value, using the following equation:
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where

! min is the minimum sampling tipde;in minutes;

miow | is the lower limit (mass) 0f'the analytical range, in micrograms;

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

L is 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 rate of
200 ml-min~ (see\43.6.2). If this minimum sampling time is too short for the method to be useful fgr the
intended mepsurement task, use a 500 mg sorbent tube at a flow rate of 2 I-min~! (see Note 1 in §.2.1).
Samp“ng times may be as shaort as 15 min for an inhalable cnmplnr (an 13 ‘7)

10.4.1.2.3 When high concentrations of airborne particles are anticipated, select a sampling period that is
not so long as to risk overloading with particulate matter the glass wool plugs that retain the Anasorb sorbent

in the tubes;

or use a prefilter.

10.4.1.3 Sample handling

To minimize the risk of damage or contamination, only handle quartz-fibre filters (8.2.6) and sorbent tubes
(8.2.1) in a clean area, where the concentration of mercury in air is as low as possible, and only handle

quartz-fibre f
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ilters using flat-tipped forceps (8.2.9.3).
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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
laboratory 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 (10:421) with filters
(8.2.6). Label each sampler or filter cassette so that it can be uniquely identified, and seal\with |its protective
plug pr cover to prevent contamination.

Alterpatively, commercially available pre-loaded plastic filter cassettes may be usgd\

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 serbent tubes (8.2.1) us|ng a special
glasg cutting tool (8.3.4.1) or a glass cutting wheel (8.3.4.2). Label each sorbent tube so that it can be
unigyely identified and, if desired, mount it in a sorbent tube holdep’(8.2.2).

10.4.2.3.2 If required (see 10.4.1.1.3), construct a sorbent’ tube and prefilter assembly (spe 8.2.3) by
connecting a loaded sampler (10.4.2.2) to each sorbenitube 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 gccur (see 8.2.3).

Alterpatively, 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 supplied by the manufacturer.

10.4.2.3.4 Retain six sorbent tubes from the same batch used for sampling for use in the preparation of
calibfation solutions (11.4.2.1).

10.4.2.4 Setting the volumetric flow rate
Perfgrm the following if-a‘clean area, where the concentration of mercury in air is low.

Remgve the pretéctive cover, plug and/or cap(s) from each loaded sampler (10.4.2.2), sorbent tube
(10.412.3.1) or sorbent tube and prefilter assembly (10.4.2.3.2) and connect it to a sampling pump (8.2.7)
using flexible-tubing (8.2.9.1), ensuring that no leaks can occur. Switch on the sampling pump, attach the
flownpetet (8.2.8) to the sampler, sorbent tube or sorbent tube and prefilter assembly so that it heasures the
the sampling

) e cover, plug
and/or cap(s) to prevent contamination during transport to the sampling position.

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

10.4.2.5 Field blanks

Retain as field blanks, at least one unused loaded sampler (10.4.2.2), sorbent tube (10.4.2.3.1) or sorbent
tube and prefilter assembly (10.4.2.3.2) from each batch of ten prepared, subject to a minimum of two. Treat
these in the same manner as those used for sampling with respect to storage and transport to and from the
sampling position, but draw no air through them.
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10.4.3 Sampling position

10.4.3.1 Personal sampling

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 St

atic (area) sampling

10.4.3.2.1

position to b

10.4.3.2.2
select a sam

affected by mpercury from emission sources.

10.4.4 Collection of samples
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static sampling is carried out to assess the exposure of a worker in a situation where pergonal
sampling is ot possible (e.g. due to the need to sample at a volumetric flow rate higher than the désign flow
rate of availgble personal samplers), position the sampler, sorbent tube or sorbent tube and prefilter-ass¢mbly
(10.4.2.4) in|the immediate vicinity of the worker and at breathing height. If in doubt, take-the sa

the point where the risk of exposure is considered to be greatest.

pling position that is sufficiently remote from the work processes so that-results will not be di

When ready to begin sampling, remove the protective cover, plug and/or cap(s) from the sar
or sorbent tube and prefilter assembly and switch on the sampling pump. If the sampling pu
integral timer, check that this is reset to zero prior to,turning it on. Record the time and volun
he start of the sampling period. If appropriate (see*10.2.2 and 10.2.3), measure the atmosy

record the measured values.

s built into sampling pumps can be imprecise and should only be used to provide evidenc
nas been operating properly througheutthe sampling period (see 10.4.4.3).

he temperature or pressure at the, sampling position is different from that where the volumetric flow raf
P.4), the volumetric flow rate could.change and it might need to be re-adjusted before sampling.

p flowmeter (8.2.8) and_record the measured value. Terminate sampling and consider the sz

A\t the end_of’the sampling period (see 10.4.1.2), record the time. Check the malfunction ind
ading on.the integral timer, if fitted, and consider the sample to be invalid if there is evidenc
pump,was not operating properly throughout the sampling period. Measure the volumetrig
end of the sampling period using the flowmeter (8.2.8) and record the measured val

pling

f static sampling is carried out to characterize the background level of mercury in the workplace,

rectly

hpler,
mp is
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heric

and pressure at the start of the sampling periodiusing the thermometer (8.2.9.6) and baroeter

b that

e was

Monitor the performance of-the pumps frequently, a minimum of once every 2 h. Measure th¢ flow

mple

if the flow rate is-not/maintained to within + 5 % of the nominal value throughout the sampling

cator
b that

flow
e. If

appropriate

see’ 10.2.2 and 10.2.3), measure the atmospheric temperature and pressure at the end (

f the

sampling period using the thermometer (8.2.9.6) and barometer (8.2.9.5), and record the measured values.

10.4.4.4

Carefully record the sample identity and all relevant sampling data (see Clause 14).

10.4.5 Transportation of samples

10.4.5.1

If sorbent tube and prefilter assemblies were used for sampling, disassemble them and seal the

sorbent tubes with plastic end caps. Discard the prefilters if they were used simply to prevent blockage of the
glass wool plugs (see 10.4.1.1.1). If the prefilters were used to collect particulate inorganic mercury
compounds (see 10.4.1.1.3), unload them from the samplers as described in 10.4.5.2 through 10.4.5.4.

28
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10.4.5.2 For inhalable 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
cassette from each sampler and fasten with its lid or transport clip.

10.4.5.4
they were collected.

10.4.5- BRSPO aFAP 4-5- - -
through 10.4.5.4) to the laboratory in a container which has been designed to prevent damage|to
in trapsit and which has been labelled to assure proper handling.

......... I =~ A
U4 -

10.4.5.6 Follow sampling chain of custody procedures to ensure sample traceability. Ens
documentation which accompanies the samples is suitable for a “chain of custody’; 1o be establis
exaniple, ASTM D 4840-88[28l).

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

ING — Use suitable personal protective equipment (including suitable gloves, fa

WARN
safeEy glasses, etc.) when working with acid,-and carry out sample dissolution in a fume h
WARNINGS in 7.2 and 7.4.

The
the {
autos
samg

brocedure described is designed so jthat the complete sample dissolution process can be

ampler for analysis. This minimizes manipulations and reduces the chance of contami
le.

For ¢
jointly

amples collected using-a sorbent tube and prefilter assembly, the procedure described ma

analyse the contents of a sorbent tube and its associated prefilter in order to obtain a corn
for mlercury vapour and-particulate inorganic mercury compounds. The result can then be comp
occupational exposure limit for total inorganic mercury (mercury vapour and inorganic mercury
Alterpatively, the\procedure may be used to separately analyse the samples to determine the mq
colle¢ted by the/sorbent tubes and the particulate inorganic mercury compounds collected on th
filters.

For samplers which have an internal filter cassette (see Note 2 in 8.2.5), remove the filter

For disposable sampling cassettes, transport samples to the laboratory in the samplers in which

les (10.4.5.2
the samples

ure that the
hed (see, for

e shield or
bod. See the

carried out in

ame disposable, plastic centrifuge tube. The tube can then be loaded directly into th¢ rack of an

nation of the

y be used to
hbined result
ared with an
compounds).
rcury vapour
p quartz-fibre

11.2

11.2.1 Before use, clean all glassware (8.3.1) to remove any residual grease or chemicals by first soaking in
laboratory 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 Glassware that has been previously subjected to the cleaning procedure described 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).
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11.3 Preparation of blank, sample and calibration solutions for analysis of diffusive badges

11.3.1 Preparation of blank and sample solutions

11.3.11 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.

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 centffifuge tube.

It is importa Db the

divalent statd

ht that nitric acid is added before hydrochloric acid to ensure that mercury is oxidized t
. Otherwise mercury left in an elemental state may be lost due to volatilizationl[20].
11.3.1.3

[ightly seal the centrifuge tubes with their screw caps or push-fit closures and*roll the tubes to

wash any Ar
bath (8.3.5)

from the cergmic support material of the Anasorb granules.

Sample dis
prolonged p
shattering of
solution by ¢

11.3.14
When the sg
the push-fit g

11.3.1.5
shake to mix

NOTE Di
blue-green su

11.3.1.6
Alternatively,
solution with

NOTE TH
the instrument

11.3.1.7
dissolved ox

asorb from the walls. Place the tubes in a test tube rack in a thermostatically controlled
t 50 °C for 1 h, periodically agitating and rolling the tubes to ensure that'‘all hopcalite is diss

lution may also be carried out by allowing the tubes to stand at room temperature
riod, e.g. overnight. Another alternative is to use ultrasoniciextraction, but this could reg
the ceramic substrate which in turn could make it more_difficult to separate from the sa
entrifugation or filtration (see 11.3.1.6).

Remove the tubes from the heated water bath and(place them to cool in a bath of cold V
lutions have cooled to room temperature, carefully unscrew the caps from the tubes or re
losures to release any pressure built up due tg the formation of oxides of nitrogen.

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

5solution of the sample yields a dark “bfown liquid. When diluted to volume with water, this forms a
Epension above a white ceramic residue from the Anasorb sorbent.

filter the suspension;having confirmed in tests that the filter used will not contaminat
mercury or remove_any mercury from solution.

e use of a centirifuge is preferable to filtration since it enables the sample to be prepared and presen
without transfer from the centrifuge tube, speeding analysis and making contamination less likely.

Prior tosandlysis, uncap the centrifuge tubes and let stand in a fume hood for at least 1 h to
des.ofnitrogen to degas from the solutions.

vater
plved

for a
ult in
mple

vater.
move

and

milky

Centrifuge the sample solutions to remove the ceramic support material from suspension.

B the

ted to

allow

avddec—o ntavbhoan OV\/ACQ o 1

since

Thorough dis

nakaian-of £ it an-from caliitinn 1o norbialorh st A aad
PCTSTUTT O UATUC S OT T OgCT T T O SUTOUOTT 1S paracaralrty niiportaic Wit O vrd O 19 aoCTU;

they will otherwise quench mercury cold-vapour fluorescence. Degassing can be accelerated by passing a

stream of an

inert gas, such as nitrogen, through the solution prior to centrifugation.

11.3.2 Preparation of calibration solutions

Prepare a set of calibration solutions, including a calibration blank solution, for use in the analysis of diffusive
badges. Take four sorbent capsules from the same batch used to collect the samples (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 ul, 250 yl and 500 ul of
working mercury standard solution B (7.11) 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 pg:I=1, 5 ug-I-1, 10 pg-I-! and 20 pg:I-1. Label them accordingly.
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NOTE 1 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[*! 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
acceptable bias, e.g. < 5 %.

ition from two
th appropriate

NOTH
sorbe
volun

2 An alternative means of reducing the cost of analysis could be to prepare 50 ml of blank_sel
ht capsules and carry out a standard-additions calibration by spiking aliquots of this solution)wi
es of mercury standard solution.

11.4| Preparation of blank, sample and calibration solutions for analysis\of pumpe¢d 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

whegqdl (8.3.4.2), approximately halfway across the middle section, where it is packed with glas
break off the front section of the tube above the glass wool (see{CAUTION). Draw out the gla

5 wool. Then
ss wool plug

from feach tube using pointed tweezers (8.3.9), discarding the retaining spring, if present, and place the glass

wool |plug in a labelled, 50 ml disposable centrifuge tube (8.3.2)." Pour the released sorbent grar

ules into the

centrlfuge tube. Then poke a wire (8.3.9) into the open end of the remaining section of tube in ¢rder to push

out the remaining glass wool plug into the centrifuge tube

CAUTION — Grip the tube with either special rubber tube grips (see 8.3.4.2) or a cloth tc
chance of being cut by broken glass whilst breaking open the tube.

11.4.11.2 If a quartz-fibre filter was used to-collect particulate inorganic mercury compounds &
analysed together with the contents of the'sorbent tube to produce a combined result for mercur
partiqulate inorganic mercury compounds, open the samplers, sampler filter cassettes or tr
cassegttes (see 10.4.5.2 through 10.4.5:4), remove the quartz-fibre filter using flat-tipped forceps
placg it in the same centrifuge tubé as the sorbent and glass wool plug (11.4.1.1). Alternatively,
analysis for particulate inorganic mercury compounds is required, place the filter in a se
dispgsable centrifuge tube (8:3.2).

11.4.
comg
10.4.
50m

3 If a quartz=fibre filter was used in an inhalable sampler to determine particulate inorg
ounds only, open'the samplers, sampler filter cassettes or transport filter cassettes (see 10.
b.4), remove the quartz-fibre filter using flat-tipped forceps (8.2.9.3) and place in a sepa
disposable ‘centrifuge tube (8.3.2).

11.4.
to ea

n.4 Add 2,0 ml of concentrated nitric acid (7.2) followed by 2,0 ml concentrated hydrochig
Chi centrifuge tube.

reduce the

nd it is to be
y vapour and
ansport filter
(8.2.9.3) and
if a separate
barate 50 ml

anic mercury
1.5.2 through
rate labelled

ric acid (7.4)

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, utilising a polypropylene filter
funnel (8.3.10) to avoid spillage.

11.41.5 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.
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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).

11.4.1.6 Remove the tubes from the heated water bath and place them to cool in a bath of cold water.
When the solutions are cool, carefully unscrew the caps from the tubes or remove the push-fit closures to
release any pressure built up due to the formation of oxides of nitrogen.

11.41.7 v 5 and
shake to mix

NOTE Dissolution of the sample yields a dark brown liquid. When diluted to volume with water, this forms a| milky
blue-green sugpension above a white ceramic residue from the Anasorb sorbent. The sample tubes will-also contain| glass
wool from the porbent tube plugs and the quartz-fibre prefilter (if used).

11.4.1.8 Centrifuge the sample solutions to remove the ceramic support material from suspension gnd to
drive the gldss wool and quartz-fibre filter to the bottom of the tubes. Alternatively;” filter the suspension,

having confitmed in tests that the filter used will not contaminate the solution with- mercury or remové any

mercury fron

The use of g
the instrume
less likely.

11.4.1.9
dissolved ox

Thorough dig
they will oth
stream of an

solution.

centrifuge is preferable to filtration, since it enables the samiple’to be prepared and presen
ht without transfer from the centrifuge tube, thus speeding analysis and making contamir

Prior to analysis, uncap the centrifuge tubes and stand in a fume hood for at least 1 h to
des of nitrogen to degas from the solutions.

persion of oxides of nitrogen from solutionsis particularly important when CVAFS is used,
prwise quench mercury cold-vapour fluorescence. Degassing can be accelerated by pass
inert gas, such as nitrogen, through, the solution prior to centrifugation.

ed to
ation

allow

since
ing a

11.4.2 Preparation of calibration solutions

11.4.2.1 Preparation of calibration(solutions for the analysis of sorbent tube samples
rbent
batch
given
hdard
ed in
g,

Prepare a sqt of calibration solutions, including a calibration-blank solution, for use in the analysis of sd
tubes (see 1[1.4.1.1) or sorbeft’tubes and filters (see 11.4.1.2). Take six sorbent tubes from the same
used to collect the samples'(see 10.4.2.3.4) and prepare solutions from them following the instructions
in 11.4.1.1 anpd 11.4.1.4 ¢hrough 11.4.1.6. Make up almost to the 50 ml graduation of the centrifuge tube
water (7.1) and then accurately pipette 100 pl, 200 ul, 300 pl, 400 pl and 500 pl of working mercury sta
solution A (71.10) into~five of the tubes. Finally make up to volume, centrifuge and degas as describ
11.4.1.7 thrgugh 11.4.1.9. The prepared calibration solutions have mercury concentrations of 0
20 pg-I-1, 40[ug+1, 60 pg-I-1, 80 pg-1 and 100 pg-I-!. Label the tubes accordingly.

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.

NOTE 1 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 1:1:23 nitric acid/hydrochloric acid). This would reduce the cost of
analysis by eliminating the need to use sorbent tubes in the matrix-matching process. However, if the procedure described
in 11.4.2 is modified in any way, it should be demonstrated that the results obtained exhibit an acceptable bias, e.g. <5 %.
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NOTE 2  The concentration range of the set of calibration solutions is given only as a guide. It is generally appropriate
for sampling times of 4 to 8 h at a flow rate of 200 ml-min~". Lower concentrations might be more appropriate for shorter
sampling periods.

11.4.2.2 Preparation of calibration solutions for the analysis of filter samples

Prepare a set of calibration solutions, including a calibration blank solution, for use in the analysis of filter
samples only (see 11.4.1.3). Add 2,0 ml of concentrated nitric acid (7.2) and 2,0 ml of concentrated
hydrochloric acid (7.4) to six 50 ml disposable centrifuge tubes (8.3.2). Make up almost to the 50 ml
graduation with water (7.1) and then accurately pipette 100 ul, 200 pl, 300 ul, 400 pl and 500 ul of working
mercury standard solutlon A (7. 10) |nto five of the tubes F|naIIy, make to volume W|th water tightly seal the
tubes—w : i olutions have
mercury concentratlons of 0 ugl 1,20 pgI- 1 , 40 ugl 1, 60 ugl 1, 80 ugl T and 1OO ugl 1_Lafel the tubes
accofdingly.

The ¢oncentration range of the set of calibration solutions is given only as a guidenSample d{lution will be
necegsary to make measurements within this concentration range if the concentration of mercury in the air is
relatively high (e.g. up to 0,05 mg-m~3) and the air sample volume is relatively large (e.g. when|sampling for
> 1 h|at a flow rate of 2 - min~1). Accordingly, it might be desirable to vary thérange of the set pf calibration
solutions. However, when making any changes ensure that the response) of the spectromagter over the
alternative range of concentrations is such that it complies with the limitations on curvature| specified in
11.5.5.3. The upper limit of the working range is dependent upon,the’ performance charactefistics of the
cold-yapour generation system used (8.4.2.1 or 8.4.2.2) and other-instrumental factors that affe¢ct sensitivity
and the linearity of the calibration.

11.5| Instrumental analysis
11.5.1 Setting up the instrument

11.5.1.1 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 operatfon, following
the mpanufacturer's instructions. Fill the_ reservoir for reductant with tin(ll) chloride solution (7.8)} If analysing
sorbgnt tube samples, fill the acid blank reservoir with 1:1:23 nitric acid/hydrochloric acid (7.5)} If analysing
diffugive badge samples, fill the acidblank reservoir with 2:2:21 nitric acid/hydrochloric acid (7.6).

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

11.5.1.1.3 Mercury cold-vapour generation systems are sensitive to change in temperature. Heagents and
test golutions should-therefore be allowed to equilibrate to room temperature before commencingjanalysis.

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.

NOTH Optimum concentrations of reagents  liquid flow rates purge-gas flow rate etc could vary somewhat
according to the exact configuration of the mercury cold-vapour generation system.

11.5.1.2 Setting up the spectrometer
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 recommendations for
specific instrument operating parameters.
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11.5.2 Introduction of solutions into the mercury cold-vapour generation system

11.5.21 Introduce the calibration solutions and the blank and sample test solutions into the mercury
cold-vapour generation system by placing the sample uptake tubing into the solution concerned. This may be
carried out manually or by using an autosampler.

11.5.2.2 Begin with the mercury cold-vapour system in the configuration in which acid blank is pumped to
the mixing piece.

11.5.2.3 In the case of a continuous-flow system, change the configuration so that the test solution is
pumped to the mixing piece until a maximum atomic spectrometer signal is obtained (see Figure 8).

11.5.2.4 n the case of a flow-injection system, operate the sample injection valve so that a precise \vqlume
of the test sdlution is injected into the acid blank stream, resulting in a peak in the atomic spectrometer signal
(see Figure §).

11.5.2.5 n the case of a discrete injection system, change the configuration to pump’test solution|for a
precise perigqd of time, so that a precise volume is delivered to the mixing piece, resulting in a peak in the
atomic absorfption or atomic fluorescence signal (see Figure 7).

11.5.2.6 Blockages are likely to occur if ceramic residue, glass fibre or quartz:fibre driven to the bottpm of
the centrifugé tubes is drawn into the uptake tubing. Care should be taken that this undissolved material |s not
disturbed dufring analysis. When using an autosampler, it is important thatythe tip of the sample prolpe be
positioned well away from the bottom of the tube during solution uptake.

11.5.3 Conditioning the mercury 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 befpre 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) fo operate for at least 5 min for the flow-rates to stabilize. Fill a 10 ml measuring cylinder (8.8.1.3)
to a convenig¢nt mark with water and determine,€ach flow rate in turn by placing the appropriate uptake tpibing
in the measuring cylinder of water and observing-the volume of water pumped out in 1 min. Verify that th} 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 gnd/or
install new pump tubing if necessary; Replace the uptake tubing for reductant and acid blank in the
appropriate reservoirs.

Follow eitherja) or b).

a) For continuous flow ‘and discrete injection mercury cold-vapour generation systems, alternately pump
acid blapk (7.5 o, 7.6) and the high calibration solution (11.3.2 or 11.4.2) to the mixing piece and make
repeat gbsorbance or fluorescence measurements with a suitably short integration period. Continug this
sequende until’ a repeatable analytical response is obtained, and record the parameters necessafy for
operatioh @fjthe 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 delay time,
which is the time taken for the signal response to return to the baseline when the acid blank is pumped
again.
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b) For flow injection analysis mercury cold-vapour generation systems, fill the sample loop by pumping the
high calibration solution (11.3.2 or 11.4.2) through it and then inject into the acid blank (7.5 or 7.6) stream.
Note the peak delay time and the baseline delay time.

11.5.3.3 Optimize integration or peak-height measurement parameters and then make repeat injections

until a repeatable analytical response is obtained. If a repeatable analytical response cannot be obtained, this
is likely to be due to contamination of the system. In this case, suspend further operations and clean the
gas/liquid separator and the silica or quartz absorption cell.

11.5.3.4 If the cold-vapour/atomic spectrometer system is interfaced to a microprocessor or personal
computer for automatic control, set the necessary delay times and other parameters to the appropriate
value

()
\SEB
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 containef ‘of water (7
allowjng sufficient time for flushing out the system, adjust the spectrometer zero.

.1) and, after

5. Pump acid
ce or atomic

11.5.4.2 Replace the uptake tubing for reductant and acid blank in the appropriate reservoir
bland (7.5 or 7.6) and reductant (7.8) to the mixing piece and measure\the atomic absorban
fluorgscence signal after allowing sufficient time for the water to be displaced.

11.5.4.3 If the atomic absorbance or atomic fluorescence background signal is significantly
expegted, based on previous experience, consider whether contamination of the reagents or con
the slystem is the more likely cause of the elevated responsex'if it is considered that contami
reagents is the more likely explanation, prepare new reductant (7.8) and acid blank (7.5 or| 7.6). If it is
considered that contamination of the system is the morelikely explanation, clean the gas/liquid| separator of
the myercury cold-vapour generation system (8.4.2). Then'tepeat the check described in 11.5.4.1 and 11.5.4.2.

higher than
tamination of
hation of the

NOT If the atomic absorbance or atomic fluoreseence background signal is elevated, the analytical gerformance of

the system will be degraded and, in particular, the instrtumental detection limit will be poorer.

11.5.p Calibration

11.5.5.1 Adjust the spectrometer.zero whilst pumping acid blank (7.5 or 7.6) and reductan
mixing piece of the cold-vapour generation system.

(7.8) to the

Then|follow either a) or b).

or continuous_flow and discrete injection cold-vapour generation systems, pump eac
olution (11.32%r 11.4.2) in turn through the sample uptake tubing to the mixing piece
aximum atemic absorbance or atomic fluorescence reading after the determined stabilisati

a)

h calibration
and take the
bn delay time

etween each
roceeding to

r peak delay time [see 11.5.3.2 a)]. Pump acid blank (7.5 or 7.6) to the mixing piece in b
alibration*solution and wait for the determined baseline delay time [see 11.5.3.2 a)] before |
easure the next calibration solution.

b) For flow injection cold-vapour generation systems, inject each calibration solution (11.3.2Z 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 graph by
plotting the absorbance or fluorescence of the calibration solutions versus the concentration of mercury,

in pg--1.

11.5.5.3 In general it is best to work in the linear range of an atomic absorption calibration, where
absorbance is proportional to the concentration of mercury in solution. A certain amount of curvature can be
tolerated but ideally the slope of the top 20 % of the calibration curve should be not less than 70 % of the
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slope of the bottom 20 %, calculated in the same manner. Discretion should be exercised in assessing
whether recalibration over a lower concentration range is necessary. Mercury cold-vapour atomic
fluorescence calibration curves are, by contrast, typically close to linear over several orders of magnitude of
concentration.

11.5.6 Determination

11.5.6.1

a)

Follow the procedure given in either a) or b) below.

For continuous flow or discrete injection cold-vapour generation systems, adjust the spectrometer

zero whilst pumping the acid blank (7.5 or 7.6) to the mixing piece. Pump the blank and sample test

solution§ {TT-3-1T-or TT.Z4.T)in turn through the sample uptake tubing to the mixing piece, and taK

maximu

or peak |delay time [see 11.5.3.2 a)]. Pump acid blank to the mixing piece in between each test so|
and waif for the determined baseline delay time [see 11.5.3.2 a)] before proceeding to measufe the

test sol
b) For flo
(11.3.1 ¢
measurg
acid bla
time (se

11.5.6.2
11.5.6.3

(see 11.5.5.2
direct read ¢

concentratiof of mercury in the blank and sample testrsolutions from the peak height or peak

atomic absorbance or atomic fluorescence reading after the determined stabilization delay

ion.

injection cold-vapour generation systems, pump sample and blank and sample test soly
r 11.4.1) sequentially through the sample valve, inject into the acid blank stream (7.5 or 7.6
the peak height or peak area of the atomic absorbance or atomicfluorescence signal.
nk to the mixing piece in between each test solution, and wait for the determined baseline
b 11.5.3.4) before proceeding to measure the next test solution.

f baseline drift is observed whilst pumping acid blank, then readjust the spectrometer zero.

) to calculate the concentration of mercury in the hfank and sample test solutions and ob
ut of the results in concentration units. For instruments without this capability, determin

e the
time
ution
next

tions
) and
Pump
Helay

For instruments controlled by a microprocessor or personal computer, use the calibration furction

ain a
e the
area

measuremerjts using the calibration graph (see 11.5.5.2).
11.5.6.4 \nalyse a mid-range calibration solutioh-after each five to ten test solutions. If the absorljance
reading indidates that the sensitivity has changed-by more than + 5 %, take one of the following corréctive

measures. E
the sensitivit

ther use the available software facilities of the microprocessor or personal computer to corrg
y change (reslope facility) or_suspend analysis and recalibrate the spectrometer as describ

ct for
ed in

11.5.5.1 thropgh 11.5.5.3. In either case;feanalyse the test solutions that were analysed during the perfod in
which the sepsitivity change occurred

11.5.6.5 Analyse reagent blankjyand laboratory blank solutions, as specified in 11.7.1.1, and quality cpntrol
solutions, as|specified in 11.7(1-2, and use the results to monitor the performance of the method as spefified
in11.7.2.1 apd 11.7.2.2.

11.5.6.6 f the concentrations of mercury found are above the upper limit of the calibration range, diluje the
sample solutlon by a-suitable factor with calibration blank solution (11.3.2, 11.4.2.1 or 11.4.2.2) and repegt the
analysis. Re¢orddthe dilution factor.

11.5.6.7 alcutate themearmmercury concentration of the bfank testsotutiorns:

11.6 Estimation of detection and quantification limits

11.6.1 Estimation of the instrumental detection limit

11.6.1.1

Estimate the instrumental detection limit under the working analytical conditions following the

procedure described in 11.6.1.2 and 11.6.1.3 and repeat this exercise whenever the experimental conditions
are changed.

NOTE

The instrumental detection limit is of use in identifying changes in instrument performance, but it is not a

method detection limit29. An instrumental detection limit is likely to be lower than the method detection limit because it
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only takes into account the variability between individual instrumental readings; determinations made on one solution do
not take into consideration contributions to variability from the matrix or sample.

11.6.1.2 Prepare a test solution with a mercury concentration near the anticipated instrumental detection
limit, e.g. 0,001 mg:I-1 of mercury, by diluting working mercury standard solution B (7.11) by an appropriate
factor with 1:1:23 nitric acid and hydrochloric acid (7.5).

11.6.1.3 Make at least ten atomic absorbance or atomic fluorescence measurements on the test solution
(11.6.1.2) and calculate the instrumental detection limit as three times the sample standard deviation of the
mean concentration value.

NOTE An alternative praocedure for estimating the instrumental detection limit involves the analysis of calibration
blank[solution fortified with the mercury at concentrations spanning the predicted instrumental detection limit}2°!.

11.6.2 Estimation of the method detection limit and the quantification limit

11.6.1 Estimate the method detection limit and the quantification limit under “the workihg analytical
conditions, following the procedure described in 11.6.2.2 and 11.6.2.3, and repeat_this exercise Wwhenever the
expefimental conditions are changed significantly.

11.6.2.2 Prepare at least ten laboratory blank test solutions from unused*sorbent capsules (8{1.2), sorbent
tubeq (8.2.1) or filters, as appropriate, following the sample dissolution precedure used to preparg¢ sample test
solutions in 11.3 or 11.4.

11.6.2.3 Make atomic absorbance or atomic fluorescence measurements on the test solutigns (11.6.2.2)

and g¢alculate the method detection limit and the quantification’limit as three times and ten timep the sample
standard deviation of the mean concentration, respectively.

11.7| Quality control

11.7.[ Reagent blanks and laboratory blanks

1.7.0.1 Carry reagent blanks (see(3.4.9) and laboratory blanks (see 3.4.5) throughout the ¢ntire sample
preparation and analytical process. Prepare and analyse reagent blank and laboratory blank fest 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 pilevious experience, investigate whether contamination is occurring from laboratory activitigs and/or the
batch of filters used for sampling and take appropriate corrective action to ensure that this does npt re-occur.

11.7.2 Quality control solutions

11.7.1 Carry spiked samples and spiked duplicate samples throughout the entire samplg preparation
and pnalytieal process to estimate the method accuracy on the sample batch, expressed as a percent
recovery relative to the true spiked value. Spiked samples and spiked duplicate samples consist of sorbent
capsule ich k i accomplished
by spiking with known volumes of mercury standard solution at amounts within the dynamic range of the
instrument. The mercury standard solution used shall be prepared from a stock standard solution from a
source different than that used for preparing the calibration solutions.) Prepare and analyse these quality
control solutions according to a frequency of at least 1 per 20 samples, or a minimum of one per batch.

11.7.2.2 Monitor the performance of the method by plotting control charts of the relative percent recoveries
and of the relative percent differences between the spiked samples and the spiked duplicate samples. If QC
results indicate that the method is out of control, investigate the reasons for this, take appropriate corrective
action and reanalyse the samples if necessary. See ASTM E 882-97[30] for general guidance on the use of
quality control charts.
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11.7.3 Certified reference materials (CRMs)

If available, certified reference materials (CRMs) for mercury shall be analysed prior to routine use of the

method to es

tablish that the percent recovery relative to the certified value is satisfactory.

11.7.4 External quality assessment

If laboratories carry out mercury in air analysis on a regular basis, it is recommended that they participate in a
relevant external quality assessment scheme or proficiency testing scheme, if such a scheme exists and they

have access

to it.

11.8 Meas

It is strongly
accordance
individual so
experimenta
appropriate

which gives & level of confidence of approximately 95 % in the calculated value.

NOTE 1 Rg

NOTE2 Te
precision, whi

iIrement uncertainty

recommended that laboratories estimate and report the uncertainty of their measureme
jith the 1ISO GUMI'7]. The first step is to construct a cause and effect diagram[3/P o identi
irces of random and systematic error in the method. These are then estimated-and/or detern
ly and combined in an uncertainty budget. Finally, the combined uncertainty\is multiplied

toverage factor to produce an expanded uncertainty. A coverage factor-of 2 is recomme

bferences [32] and [33] describe the application of cause-and-effect analysi§'to analytical methods.

rms that contribute to the random variability of the method are generally accounted for in the measur
Ch can be determined from quality control data. Error associated with instrumental drift can be estir]

ts in
y the
nined
Dy an
nded,

bment
hated,

assuming a rgctangular probability distribution, by dividing the drift permittedybefore the instrument is recalibrated (see
11.5.6.4) by B .

NOTE 3 Systematic errors include, for example, those associated with method recovery, sample recovery, prepdration
of working stapdard solutions, dilution of test solutions, etc.

12 Expression of results

12.1 Calculation of the volume of air samples

12.1.1 Diffusive sampling

Calculate the volume of the aif-sampled, in litres, by multiplying the sample uptake rate given bl the
manufacturef of the diffusivecbadge, in millilitres per minutes, by the duration of the sampling perigd, in
minutes, and dividing by 1. 800 If appropriate (see 10.2.1), calculate the mean atmospheric temperatur¢ and
pressure by |averaging the ' measurements taken at the start and end of the sampling period and apply a
temperature pnd pressuré correction using the equation given in B.1.

NOTE THe nominal sample uptake rate given by a manufacturerl?3! of diffusive badges is 20,0 ml-min-{ at a

temperature o

20.°C and a pressure of 101,3 kPa.

12.1.2 Pumped sampling

Calculate the mean volumetric flow rate by averaging the measurements taken at the start and end of the
sampling period. If appropriate, (see 10.2.2), 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 the mean volumetric flow rate. Follow the guidance given in B.2. Then calculate the
volume of the air sampled, in litres, by multiplying the mean volumetric flow rate, in litres per minute, by the
duration of the sampling period, in minutes.
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12.2 Calculation of mercury in air concentrations

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

[(/’ng x Vqx F)— (pHg,O x VO)J x 1000

PHg = %
where
OHo is the calculated mass concentration of mercury in the air sample, in milligrams per cubic metre,

=4

at ambient conditions;

PHg,0 IS the mean mass concentration of mercury in the blank test solutions, in mierogfams per litre
(see 11.5.6.7);

DHg, 1 is the mass concentration of mercury in the sample test solution,,in\micrograms per litre (see

11.5.6.3);
/ is the volume, in litres, of the air sample (see 12.1);
o is the volume, in millilitres, of the blank test solutions (seé 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); and
F is the dilution factor used in 11.5.6.6 ( F = 1_imythe absence of dilution).

12.2.R If it is necessary to recalculate mercury in_dir concentrations to reference conditions [see 10.2.3),
calculate the mean atmospheric temperature and préssure by averaging the measurements takgn 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.

13 Method performance

13.1| General
The method performanee’data given in this clause relate to the particular commercially available diffusive

badgps(22123] and sorbent tubes(241.[25] that were evaluated in the method validation workl[4l. Other diffusive
badgpes and sorbent tubes could have different performance characteristics.

13.2| Detection and quantification limits

13.2.|1 Sampling with diffusive badges and analysis by cold-vapour atomic absorption spegtrometry

Using flow injection CVAAS, the method detection limit and quantification limit for mercury, defined as three
times and ten times the standard deviation of a blank determination, respectively, have been determined[*] to
be 0,012 ug and 0,040 pg for samples of mercury vapour collected using a diffusive badge. For the minimum
sampling time of 6 h (equivalent to an air sample volume of 7,21), this corresponds to mercury-in-air
concentrations of 0,002 mg-m~=3 and 0,006 mg-m-3, respectively.

13.2.2 Sampling with pumped sorbent tubes 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 ten times the standard deviation of a blank determination, respectively, have been determined[4] to
be 0,009 ug and 0,030 ug for samples of mercury vapour collected on sorbent tubes containing 200 mg of
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Anasorb and 0,010 ug and 0,033 pg for samples of total inorganic mercury (mercury vapour and particulate
inorganic mercury compounds) collected on sorbent tubes containing 200 mg of Anasorb with quartz-fibre
prefilters. For the minimum air sample volume of 121, this corresponds to mercury-in-air concentrations of

0,001 mg'm

-3 and 0,003 mg-m~3, respectively, in both cases.

13.2.3 Sampling with pumped sorbent tubes and analysis by cold-vapour atomic fluorescence
spectrometry

Using discrete injection CVAFS, the method detection limit and quantification limit for mercury, defined as

three times

and ten times the standard deviation of a blank determination, respectively, have

been

determined4! to be 0002 pg and 0008 pg for samples of mercury vapour coIIected on sorbent tubes

containing 2Q0 ™™g

concentratio

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

Using flow in
times and te
be 0,003 ug
filters. For t
0,000 1 mg-n

13.3 Uppe

13.3.1 The

spectrometer.

13.3.2 Usin
was significg
for the 25 m
solution volu

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

13.3.3 Usin

of the sampl
badges or 5(

13.4 Blank

Anasorb us¢g
Laboratory e
a mercury bl
0,02 uyg of m

s of 0,000 2 mg-m~ 3 and 0,000 7 mg-m=3, respectively.

jection CVAAS, the method detection limit and quantification limit for mercury, ‘defined as

and 0,009 ug for samples of particulate inorganic mercury compounds eollected on quartz
ne minimum air sample volume of 301, this corresponds to mercury“in-air concentratio
3 and 0,000 3 mg-m-3, respectively.

limits of the analytical range

upper limit of the useful analytical range is determined by the linear dynamic range d

j a flow injection CVAAS system with a 0,5 ml sample injection volume, the calibration obtai
ntly curved at mercury concentrations above ;1 mg-I-1. This is equivalent to 2,5 ug of me
| sample solution volume used for diffusive badges or 5 ug of mercury for the 50 ml sa
me used for pumped samplers. If greater-amounts of mercury are collected, dilution of sa

0 ug of mercury for the-50-ml sample solution volume used for pumped samplers.

values

d in diffusive<badge sorbent capsules and sorbent tubes contains trace amounts of me
xperimentsi have established that the 800 mg of Anasorb used in sorbent capsules typicall
ank of Q;08 ug, whilst the 200 mg of Anasorb used in standard sorbent tubes typically cor
Breuryy

in-air

netry

three

h times the standard deviation of a blank determination, respectively, haye béen determinegl4l to

-fibre
hs of

f the

nedl
rcury
mple
mple

y discrete injection CVAFS, the ‘calibration obtained[4l was close to linear over a much gieater
concentration range, and mercury concertrations up to at least 10 mg:I=! could be measured without di
. This is equivalent to 250'ug of mercury for the 25 ml sample solution volume used for diffusive

ution

cury.

ly has

tains

NOTE Tt

e btank duetomercury impurities i theArasorbtas mochmore - mftuernce o the—accuracy of amatysis of

diffusive badges than on that of pumped sorbent tubes. This is because the quantity of Anasorb is four times greater and
because the sampling rate is 10 times lower. The net effect is to make the blank 40 times greater compared with the mass
of mercury sampled. Technically, both methods do not meet the EN 838['"] and EN 1076['2 requirement that the blank
value should not exceed 1/3 of the mass of analyte collected at 1/10 of the limit value for the minimum sampling time.
However, the consistency of the mercury blanks within batches of sorbent capsules and sorbent tubes is such that
conformity with the overall performance requirements of the standards is nevertheless achieved using both sampling
methods.
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