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Foreword

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

The health of workers in many industries, such as mining, metal refining, battery manufacture,
foundries, electronics and construction, is at risk through exposure by inhalation of particulate
cadmium and cadmium 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 document provides a method for making valid
exposure measurements for cadmium. It is of benefit to: agencies concerned with health and safety

at work, industrial hygienists and other public health professionals, analytical laboratorie
users and workers of metals and metalloids, etc.

s, industrial

The |execution of its provisions and the interpretation of the results obtained is ‘e
apprppriately qualified and experienced people.

ntrusted to
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Workplace air — Determination of particulate cadmium
and cadmium compounds — Flame and electrothermal
atomic absorption spectrometric method

WARNING — Cadmium and cadmium compounds are toxic and are suspected human
carcmogens [, Av01d any exposure by 1nhalat10n Personal protectlon (eg an effective

This

cadmium and cadmium compounds in workplace air, using either flame or electrother

abso

The

compounds and pigments and glass enamels containing cadmiunx

bcope

document specifies a method for the determination of the mass concentration of

Fption spectrometry.

sample digestion procedure specified in 10.2.2 has been valjidated[2-3] for a selection

The
cad
cad
cad
seled

The

particles, as defined in ISO 7708, and to stationary sampling.

2

The
cons
unda

ISO 4
ISO 1
ISO 3
ISO 3

|

ium in air for which this procedure is applicablelis determined in part by the sampling procedure

Normative references

hnalytical method has been validated[2] for the determination of masses of 10 ng {
ium per sample using electrothermal atomic absorption spectrometry, and 0,15 pg
ium per sample using flame atomic absorptiongspectrometry.3] The concentratio

ted by the user.

method is applicable to personal sampling of the inhalable or respirable fraction

following documents are(referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the ldtest edition of the referenced document (including any amendme

48, Laboratory glassware — Single-volume pipettes
042, Laboratory glassware — One-mark volumetric flasks
585, Barosilicate glass 3.3 — Properties

696y Water for analytical laboratory use — Specification and test methods

pmpounds is

particulate
mal atomic

of cadmium

0 600 ng of
to 96 pg of
n range for

of airborne

heir content
applies. For
hts) applies.

ISO 7708, 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

ISO 8655-2, Piston-operated volumetric apparatus — Part 2: Pipettes

ISO 8655-5, Piston-operated volumetric apparatus — Part 5: Dispensers

ISO 8655-6, Piston-operated volumetric apparatus — Part 6: Gravimetric reference measurement
procedure for the determination of volume

ISO 13137, Workplace atmospheres — Pumps for personal sampling of chemical and biological agents —

Requ

©ISO

irements and test methods
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ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories
[SO 18158, Workplace air — Terminology

ISO 20581, Workplace air — General requirements for the performance of procedures for the measurement
of chemical agents

[SO 21832, Workplace air — Metals and metalloids in airborne particles — Requirements for evaluation of
measuring procedures

3 Terms and definitions

For the purgoses of this document, the terms and definitions given in ISO 18158 and the following-dpply.
ISO and [EC|maintain terminology databases for use in standardization at the following addrésses

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eledtropedia: available at https://www.electropedia.org/

31
exposure by inhalation
situation in which a chemical agent is present in air which is inhaled by-a‘person

3.2
sample dissolution
process of optaining a solution containing all analytes of interést from a sample, which might or rmight
not involve ¢omplete dissolution of the sample

[SOURCE: IS0 15202-2:2020[10], 3.1]

3.3
sample solution
solution prepared from a sample by the progess of sample dissolution (3.2)

[SOURCE: IS0 15202-2:2020[10], 3.2]

34
test solution
blank solutipn or sample solutié)(3.3) that has been subjected to all operations required to bring if into
a state in which it is ready foranalysis

[SOURCE: IS0 15202-2:2020[191, 3.3, modified — Note 1 to entry has been deleted.]

4 Principle

4.1 Particulate cadmium and cadmium compounds are collected by drawing a measured volume of
air through a sampling substrate (8.2), such as a filter or foam, mounted in a sampler (8.1) designed to
collect either the inhalable fraction of airborne particles or the respirable fraction of airborne particles,
as appropriate.

4.2 A test solution is prepared by treating the sampling substrate (8.2) and collected sample with
5 ml of nitric acid diluted 1 + 1 (7.3), heating on a hotplate until about 1 ml of concentrated nitric acid
(7.2) solution remains, allowing the solution to cool and then diluting to 10 ml with water (7.1).

4.3 The test solution is analysed for cadmium by aspirating into the oxidizing air/acetylene flame
of an atomic absorption spectrometer (8.6.5) equipped with a cadmium hollow cathode lamp or
electrodeless discharge lamp. Absorbance measurements are made at 228,8 nm and results are
obtained by the analytical curve technique.

2 © IS0 2023 - All rights reserved
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4.4 For accurate determination when the concentration of cadmium in the solution is low, the
analysis can be repeated using electrothermal atomic absorption spectrometry. Aliquots of the test
solution and a matrix-modifier solution are injected onto a solid, pyrolytic graphite platform mounted
in a pyrolytically coated graphite tube, and after the drying and sample ashing stages the sample is
atomized electrothermally. Absorbance measurements are made at 228,8 nm with background
correction and results are obtained by the analytical-curve technique.

5 Reactions

In general, the majority of particulate cadmium compounds which are commonly found in samples of
workptateairare tonvertedto water-sotubte cadmiumr fons (€t by the sampte digestiop procedure
specified in 10.2.2. However, if there is any doubt about the effectiveness of this procedurefor digestion
of pafrticulate cadmium compounds which can be present in the test atmosphere, investigatg this before
procgeding with the method. For instance, other digestion methods described in ISO,15202-2[10] can be
suitagble.

6 Requirement

The measuring procedure shall comply with the performance requiréments specified iff ISO 20581,
ISO 41832, and any relevant international, European or national standard which specifies gerformance
requjrements for procedures for measuring chemical agents in‘wprkplace air.

7 Reagents

Durihg the analysis, use only reagents of 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 and resistivity greater than0;01 MQ-m at 25 °C).

The ¢oncentration of cadmium in the water shall be less than 0,01 pg/ml.

It is recommended that the water used be obtained from a water purification system that delivers
ultrapure water having a resistivity greater than 0,18 MQ-m (usually expressed by manufacturers of
water purification systems as 18 M{Q-cm).

7.2 | Nitric acid (HNOg)) concentrated, p = 1,42 g/ml, 69 % (m/m) to 71 % (m/m).
The ¢oncentratiomofcadmium shall be less than 0,01 pg/ml.

WARNING —<Concentrated nitric acid is corrosive and oxidizing, and nitric acid| fumes are
irritant. Aveid exposure by contact with the skin or eyes, or by inhalation of fumes. Personal
protective equipment (e.g. gloves, face shield or safety spectacles) shall be used when working
with| the concentrated or diluted nitric acid, and concentrated nitric acid shall be usdd in a fume
hood:

7.3 Nitric acid, diluted 1 + 1.

Carefully add 500 ml of concentrated nitric acid (7.2) to 450 ml of water (7.1) in a 2 1 beaker. Swirl to
mix, allow to cool and quantitatively transfer to a 1 000 ml one-mark volumetric flask (8.6.1.7). Dilute
to the mark with water, stopper and mix thoroughly.

7.4 Nitric acid, diluted 1 + 9.
Pour approximately 800 ml of water (7.1) into a 1 000 ml one-mark volumetric flask (8.6.1.7). 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.

©1S0 2023 - All rights reserved 3
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7.5 Hydrofluoric acid (HF), concentrated, p = 1,16 g/ml (about 48 % mass fraction), if required (see
10.2.2), for digestion of samples containing lead silicates.

The concentration of cadmium in the HF shall be less than 0,1 pg/ml.

WARNING — Concentrated hydrofluoric acid and hydrogen fluoride vapour are extremely toxic
and intensely corrosive. Diluted hydrofluoric acid can also cause serious and painful burns, and
it is possible that these burns will not be felt until up to 24 h after contact. Avoid exposure by
contact with the skin or the eyes, or by inhalation of the vapour. Use of personal protection (e.g.
impermeable gloves, face shield or safety glasses) is essential when working with concentrated
or diluted hydrofluoric acid, and concentrated hydrofluoric acid should be used in a fume
hood. Itis ¢ i i i i int i i dily

available tg workers, both during and for 24 h after use of hydrofluoric acid.

7.6 Cadmfium stock standard solution, corresponding to 1 000 mg of Cd per litre.

7.6.1 Use
Observe the|

a commercially available cadmium standard solution at a concentration of 1 000 1
manufacturer's expiry date or recommended shelf-life.

mg/1.

Alternativelly, prepare a cadmium standard solution according to the procedure specified in 7.6.2.

7.6.2 Accl
(8.6.1.1), ad
approximat
Remove the
one-mark vq

This solutio

7.7 Cadmjium working standard solution A, corresponding to 100 mg of Cd per litre.

Using a pipd
volumetric f
stopper and

This solutio

7.8 Cadmfium working standard solution B, corresponding to 1 mg of Cd per litre.

Using a pipd
volumetric {
mix thoroug

This solutio

79 Matri

irately weigh 1 000 g + 0,001 g of cadmium metal, 99,9 % of Cd, into a 50 ml bq
1 20 ml of the nitric acid diluted 1 + 1 (7.3), cover with‘a watch glass (8.6.1.4) and hq
ely 150 °C on the hotplate (8.6.4) in a fume hood until'the metal is completely dissg
beaker from the hotplate, allow to cool, quantitatiyely transfer the solution to a 1 0(

h can be stored in a polypropylene bottle (8.6.2.2) for up to one year.

tte (8.6.3.1), accurately add 10,0-ml of stock cadmium solution (7.6) to a 100 ml one-
lask (8.6.1.7). Add 1 ml of concentrated nitric acid (7.2), dilute to the mark with water
mix thoroughly.

h can be stored in a polypropylene bottle (8.6.2.2) for up to one month.

tte (8.6.3.1)yaccurately add 100 pl of cadmium stock solution (7.6) to a 100 ml one-
lask (8.6.157): Add 1 ml of nitric acid (7.2), dilute to the mark with water (7.1), stoppe
hly.

h can be stored in a polypropylene bottle (8.6.2.2) for up to one month.

aker
at to
lved.
0 ml

lumetric flask (8.6.1.7), dilute to the mark with water (7.1), stopper and mix thoroughlly.

mark
(7.1),

mark
- and

x-modifier solution, corresponding to 10 g of NH,H,PO, per litre of water (7.1).

Weigh 1,00 g of ammonium dihydrogen phosphate (NH,H,PO,) into a 250 ml beaker (8.6.1.1). Add
50 ml of water (7.1) and swirl to dissolve. Add 10 ml of concentrated nitric acid (7.2), swirl to mix, and
quantitatively transfer the solution to a 100 ml one-mark volumetric flask (8.6.1.7). Dilute to the mark
with water, stopper and mix thoroughly.

If modifications are needed to optimize the matrix-modifier solution, these modifications should be
described in the test report (Clause 13).

7.10 Laboratory detergent solution, suitable for cleaning samplers (8.1) and laboratory apparatus,
diluted with water (7.1) according to the manufacturer's instructions.

© IS0 2023 - All rights reserved
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7.11 Air, high-purity, compressed and filtered.
7.12 Acetylene, in a compressed gas cylinder.

7.13 Argon, supplied in a cylinder or as a cryogenic fluid.

This gas is required if the analysis is carried out by electrothermal atomic absorption spectrometry
(see 10.3.4.6).

8 Apparatus

8.1 | Samplers, for collection of the inhalable fraction or the respirable fraction of aixboine particles
(see P.1.1) as defined in ISO 7708, suitable for use with the sampling substrates (8.2) and compatible
with[the sampling pumps (8.3) used.

NOTE1 A number of different terms are used to describe samplers designed for collection of fthe inhalable
fractjon of airborne particles, for example, sampling heads, filter holders, filter)cassettes and air monitoring
cassdttes (see ISO 15202-1[2]),

NOTHE 2 In general, the collection characteristics of inhalable samplérs are such that particullate material
colleg¢ted on the filter sampling substrate is the inhalable or respirabl€ fraction of airborne particles, and any
deposited on the internal surfaces of the sampler is not of interest)Hoewever, some samplers are designed such
that airborne particles which pass through the entry orifice(s).constitute the inhalable or respirpble fraction;
in wliich case any particulate material deposited on the internal'surfaces of the sampler is part df the sample.
Certdin samplers of this type incorporate an internal filter cassette or cartridge which can be remgved from the
sampller to enable this material to be easily recovered. See ASTM D8358[4! for further information op inclusion of
sampller internal wall deposits.

NOTHE 3  Cyclone samplers are typically used for\collection of personal samples of the respirablle fraction of
airbofrne particles.

NOTE 4  Samplers manufactured in non<eénducting material have electrostatic properties which can influence
reprgsentative sampling. Samplers manufactured from conducting material can reduce electrostatic influences.

8.2 | Sampling substrates, such' as filters or foams, soluble using the sample digestiop procedure
specified in 10.2.2, and with a’retentivity not less than 99 % for particles of median agerodynamic
dianjeter 0,3 pm (see ISO7708).

The ¢admium content’shall be less than 0,001 pug per sampling substrate.

NOTH Mixed Cellulose ester membrane filters of 0,8 um to 1,2 pm pore size are generally the post suitable.
Cellulose (papen) filters can have a retentivity below 99 % and are therefore unsuitable. Neither glass-fibre nor
quarfz-fibre filters are dissolved by the sample digestion procedure specified in 10.2.2, but this cai be modified
to pefmit their use. Furthermore, such filters can have high metal background which can cause irffterference in
highly sénsitive analysis.

8.3 Sampling pumps, conforming to the specifications of ISO 13137.

8.4 Flowmeter, portable, capable of measuring the appropriate flow rate (see 9.1.1) to within +5 %,
and calibrated against a primary standard, i.e. a flowmeter of which the accuracy is traceable to
national standards.

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 9.1.3.2), record the atmospheric
temperature and pressure at which the calibration of the flowmeter was checked.

It is recommended that the flowmeter used be capable of measuring the volumetric flow rate to within
+2 % or better.

© IS0 2023 - All rights reserved 5
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8.5 Ancillary equipment

8.5.1 Flexible tubing, of a diameter suitable for making a leak-proof connection from the samplers
(8.1) to the sampling pumps (8.3).

8.5.2 Belts or harnesses, to which the sampling pumps (8.3) can conveniently be fixed for personal
sampling (except where the sampling pumps are small enough to fit inside worker's pockets).

8.5.3 Flat-tipped forceps, for loading and unloading sampling substrates (8.2) into samplers (8.1).

8.5.4 Tra

To avoid po
(8.2) within|

8.5.5 Bar

8.5.6 The

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

fential contamination after sample collection, it is advisable to leave sampling)subst
the sample holders during transportation of samples.

pmeter, suitable for measurement of atmospheric pressure, if requiredi(see 9.1.3).

rmometer, minimum temperature range of 0 °C to 50 °C, with graduated divisions of

or less, for measurement of atmospheric temperature.

For applicat
appropriate

A hygromet

8.6 Analy

Ordinary lal

8.6.1 Glad

It is prefera
heavily cont
specified in

8.6.1.1 B¢

cadmium st

If hydrofluo
that are resi

8.6.1.2 B¢

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

br can also be used for measurement of relative humidity, if desired.

tical or laboratory apparatus

poratory apparatus, and:

sware, made of borosilicate glass-3:3*complying with the requirements of ISO 3585.

ble to reserve a set of glassware for analysis of cadmium by this method. It is possiblg
aminated glassware in general usage will not be satisfactorily cleaned using the proce
10.1.4.

akers, capacity 50ml;for digestion of sampling substrates (8.2), and for preparation ¢
bck standard solution (7.6).

stant to gertrosion by HF should be used.

akers, capacity 250 ml, for preparation of the matrix-modifier solution (7.9).

rates

1°C

b the

that
dure

fthe

Fic acid (7Z.5)\s-used to assist in sample dissolution, use of plastic heatable beakers (8.4.2.1

8.6.1.3

8.6.1.4

8.6.1.5

Beakers, capacity 2 |, for preparation of nitric acid diluted 1 + 1 (7.3).

Watch glasses, to fit the 50 ml beakers (8.6.1.1).

piston-operated volumetric apparatus (8.6.3).

8.6.1.6 Measuring cylinders, of capacities between 10 mland 1 L.

Single volume pipettes, complying with the requirements of ISO 648, as an alternative to

8.6.1.7 One-mark volumetric flasks, of capacities between 10 ml and 1 000 ml, complying with the
requirements of [SO 1042.
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8.6.2 Plasticlabware, including the following:

8.6.2.1 Heatable beakers, beaker covers, etc,, if required, made of a material that is resistant
to corrosion by hydrofluoric acid (7.5); e.g. a fluorocarbon polymer such as polytetrafluoroethylene

(PTFE), and suitable for performing dissolutions using hydrofluoric acid.
NOTE If resistance to corrosion by HF is not needed, beakers and beaker covers can be made of glassware
(8.6.1).

8.6.2.2 Polypropylene bottles, of capacities from 100 ml to 1 000 ml.

Bottles made of alternative plastics can be used, provided that they are suitable for the i

(see
somg

8.6.3
and {

8.6.3

pipet
samyj

8.6.3

3
J

8.6.4
appr

NOTH

/.6.2, 7.6 and 7.7). However, the use of bottles made of coloured plastics should be ay
contain cadmium pigments which can release cadmium when in contact with ritric ag

Piston-operated volumetric instruments, complying with the requiréments of
ested in accordance with ISO 8655-6.

tes (8.6.1.5), for the preparation of standard solutions, calibration solutions and

les.

bximately 150 °C, for hot plate procedures.

The efficiency of thermostatted hotplates is sometimes deficient, and the surface

can also vary considerably with position on a:hotplate with a large surface area. It can therefore

chard

8.6.5

cterize the performance of the hotplate.before use.

Atomic absorption spectrometer, fitted with an air-acetylene burner suj

compressed air (7.11) and acetylene (7.12), and equipped with either a cadmium hollow ¢

or el

If sa
abso

If el
spec
by u

pctrodeless discharge lamp.

mple dissolution is €arried out with the aid of hydrofluoric acid (7.5) (see 10.2.2)
ption spectrometér’shall be compatible with hydrofluoric acid.

bctrothermals‘atomic absorption is to be carried out (see 10.3.4.6), the atomic
f'rometer shall be capable of carrying out simultaneous background correction at 228,
ing a cartinuous source such as a deuterium lamp to measure non-specific attenuation

Zeenpan or Smith-Hieftje background correction systemsl2l.

.2 Dispensers, complying with the requirements ofISO 8655-5, for dispensing acidg§.

htended use
oided, since
id solutions.

ISO 8655-1

.1 Pipetters, complying with the requirements of [SO 8655-2, as-an alternative to single volume

dilution of

Hot plate, thermostatically controlled, capable of maintaining a surface temperature of

temperature
be useful to

bplied with
hithode lamp

the atomic

absorption
8 nm, either
, or by using

8.6.6

Electrothermal atomiser, fitted with a solid, pvrolytic graphite platform m

punted in a

pyrolytically coated graphite tube, supplied with argon (7.13) as a purge gas, and equipped with an
autosampler capable of injecting microlitre volumes onto the platform.

NOTE Some manufacturers of atomic absorption spectrometers (8.6.5) use an alternative design of
electrothermal atomiser to achieve a constant temperature environment during atomisation, and some use
aerosol deposition as a means of sample introduction. The use of such accessories is acceptable, but it is possible
that the performance of the method will be different from that given in 11.2.

8.6.7 Disposable autosampler cups, made of polystyrene or other suitable plastics, for use in the
autosampler used with the electrothermal atomiser (8.6.6).

It is recommended to avoid the use of autosampler cups made of coloured plastics, since some contain
cadmium pigments which can release cadmium in contact with nitric acid solutions.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b608dbdf3e25c0cf3c64d587171d4a8c

ISO 11174

8.6.8 Ana

2023(E)

lytical balance, capable, of weighing to +0,1 pug.

8.6.9 Disposable gloves, impermeable, to avoid the possibility of contamination from the hands and
to protect them from contact with toxic and corrosive substances. Polyvinyl chloride (PVC) gloves are

suitable.

9 Sampling

9.1 Sampling procedure

9.1.1 Colllection characteristics and flow rate

Select a san
of airborne
required col

National oc
inhalable or]

NOTE B
advisable to |

9.1.2 San

Select a saf
about the w
recommend
reference p4

In order to
rate used (s
cadmium-in|
11.3.2) shou
of 0,5 pg/mj
2 1/minis 8
be long enot

ipler (8.1) suitable for collection of either the inhalable fraction or the respirable fra
particles, as defined in ISO 7708, and use at the flow rate at which the sampler exhibif]
lection characteristics.

Cupational exposure limits for cadmium and cadmium compounds(typically apply t
respirable fraction of airborne particles.

th inhalable and respirable samplers are typically used at flow rates of around 2 1/min
efer to the manufacturer's recommendations). Some samplers efiable flow rates of up to 10 1/1

Ipling period

hpling period of appropriate duration (2 h minimum), using any available inform
ork process and test atmosphere, so that the:amount of cadmium collected is withi
ed working range of the method. For example, use a sampling period that relates t
riod (such as 8 h).

estimate a sampling period of apprdpriate duration, it is necessary to consider the

Lair concentrations are anticipated, the lower limit of the working range of the method
Id be taken into consideratioh, For example, to determine cadmium in air at a concentr

using flame atomic absorption spectrometry, the minimum sampling time at a flow rz
h. When high cadmiumetin-air concentrations are anticipated, the sampling time shoul
Igh to risk overloading)the sampling substrate (8.2) with particulate matter.

9.1.3 Tenpperature and-pressure effects

9.1.3.1 Consider whether it is necessary to recalculate the mass concentration of cadmium i

to reference
regulations
pressure th

condition’s of temperature and pressure in order to comply with national standards
(see 150 8756l¢l). If appropriate, measure and record the atmospheric temperaturg
roaughout the sampling period (see 9.3.2, 9.3.3 and 9.3.5) and use the equation giv

ction
s the

b the

(it is
hin.

htion
h the
b the

flow

ee 9.1.1) and the anticipated concentration of cadmium in the test atmosphere. When low

(see
htion
ite of
d not

n air

and
and
PN in

11.1.3to ap

NOTE

ty thre mecessary correction.

(temperature, pressure) at the workplace.

Cadmium-in-air concentrations are generally stated for the actual environmental conditions

9.1.3.2 The indicated flow rate of certain types of flowmeter is dependent upon temperature and
pressure. Therefore, refer to the manufacturer's directions for the particular flowmeter used, and
consider whether it is necessary to make a correction to take into account any difference between the
atmospheric temperature and pressure at the time of calibration of the flowmeter and at the time of
sampling. Make such a correction if it is considered possible that an error of greater than +5 % will
be introduced by not doing so. If a correction is to be made, measure and record the atmospheric
temperature and pressure at which the flowmeter (8.4) was calibrated.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b608dbdf3e25c0cf3c64d587171d4a8c

1SO 11174:2023(E)

NOTE An example of temperature and pressure correction for the indicated flow rate is given in 11.1.2, for a
flowmeter of variable area with constant pressure drop.

9.2 Preparation of sampling equipment

Perform the following in an area where cadmium contamination is known to be low.

9.2.1 C(lean the samplers (8.1) before use. Disassemble the samplers, soak in laboratory detergent
solution (7.10), rinse thoroughly with water (7.1), wipe with absorptive tissue and allow to dry before
reassembly.

9.2.2 Load the sampling substrates (8.2), such as filters or foams, into clean, dry sampléergs (8.1) using
clean, flat-tipped forceps (8.5.3). Connect each loaded sampler to a sampling pump (8:3Y) using flexible
tubing (8.5.1), ensuring that no leaks can occur. Switch on the sampling pump, attach thee calibrated
flowmeter (8.4) to the sampler so that it measures the flow through the samplerinlet orifide(s), and set
the dppropriate flow rate (see 9.1.1) with an accuracy of +5 %. Switch off the.sampling pump and seal
the sampler with its protective cover or plug to prevent contamination with'cadmium during transport
to the sampling position.

If negessary, based on the type of sampling pump, warm the pump up{(it is recommended tq refer to the
mantyifacturer's instructions).

9.3 | Collection of samples

9.3.1 For personal sampling, fix the sampler (8.1).to“the lapel of the worker, in the brdathing zone
and gs close to the mouth and nose as is reasonably practicable. Then, either place the sampling pump
(8.3)|in a convenient pocket or attach it to the worker in a manner that causes minimum in¢onvenience,
for example, to a belt (8.5.2) around the waist,‘For stationary sampling, position the sampler at the
sampling site.

NOTH The breathing zone has been defined in ISO 18158 as the space around the worker's facg from where
he takes his breath. For technical purposés, a more precise definition can be provided, as follows: hemisphere
(gengrally 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; the base of the hemisphere is a plane through this line, the top of the head and the Jarynx.

9.3.1 When ready to bggin sampling, remove the protective cover or plug from the sampler (8.1)
and pwitch on the sanipling pump. Record the time at the start of the sampling period and, if the
sampling pump hags an‘elapsed time indicator, set this to zero. If appropriate (see 9.1.3{1), measure
the dtmospheric temperature and pressure at the start of the sampling period using the thermometer
(8.5.p) and baraometer (8.5.5) and record the measured values.

NOTH Ifdesired, relative humidity can be measured by using a hygrometer.

9.3.3 Since itis possible for the sampling substrate (8.2) to become clogged, monitor the gerformance
of the sampler (8.1) frequently, a minimum of once per hour. Measure the flow rate with an accuracy
of +5 % using the calibrated flowmeter (8.4) and, if appropriate (see 9.1.3.1), measure the atmospheric
temperature using the thermometer (8.5.6) and the atmospheric pressure using the barometer (8.5.5).
Record the measured values.

NOTE Regular observation of the flow-fault indicator is an acceptable means of ensuring that the flow rate
of a flow-stabilized sampling pump is maintained satisfactorily, provided that the flow-fault indicator indicates
malfunction when the flow rate is outside +5 % of the nominal value.

9.3.4 Terminate sampling and consider the sample to be invalid if the flow rate is not maintained to
within +5 % of the nominal value throughout the sampling period.

©1S0 2023 - All rights reserved 9


https://standardsiso.com/api/?name=b608dbdf3e25c0cf3c64d587171d4a8c

ISO 11174:2023(E)

9.3.5 At the end of the sampling period (see 9.1.2), measure the flow rate with an accuracy of +5 %
using the calibrated flowmeter (8.4), switch off the sampling pump (8.3) and record the flow rate and
the time. Also observe the reading on the elapsed time indicator, if fitted, and consider the sample to
be invalid if the reading on the elapsed time indicator and the timed interval between switching the
sampling pump on and off do not agree to within +5 %, since this can suggest that the sampling pump
has not been operating throughout the sampling period. Reseal the sampler (8.1) with its protective
cover or plug and disconnect it from the sampling pump. If appropriate (see 9.1.3.1), measure the
atmospheric temperature and pressure at the end of the sampling period using the thermometer (8.5.6)

and barome

ter (8.5.5) and record the measured values.

9.3.6 Carefully record the Qnmp]p idpnfify and all relevant Qnmpling data (cpp Clause 1'2) Calc

1late

the mean fIl
and, if appr
the volume

flow rate, in

pw rate by averaging the flow-rate measurements taken throughout the samplingpd
ppriate (see 9.1.3.1), calculate the mean atmospheric temperature and pressure;-~Calc

litres per minute, by the sampling time, in minutes.

9.3.7 With each batch of 10 samples, submit for analysis at least two unused filters sam

substrates (
to exactly th

9.4 Tran

Perform the

941 For

B.2) from the same lot as used for sample collection. Subject these blank sampling subst
e same handling procedure as the samples, but do not draw air thretigh them.

jportation

following in an area where cadmium contamination issknown to be low.

samplers (8.1) which collect the required fractiofy of airborne particles on the sam

substrate ($.2), remove the sampling substrate from each’ sampler using clean flat-tipped foj

(8.5.3), plac

94.2 For
fasten with

9.4.3 For
constitute t
samplers of

b in a labelled transport cassette (8.5.4) andcelose with a lid.

the transport clip supplied by the manufacturer, and label appropriately.

samplers (8.1) designed suchsthat airborne particles which pass through the entry orif

the disposable cassettetype, transport samples to the laboratory in the samplers in W

they were collected.

9.4.4 Trary
been design
handling.

sport the transport cassettes (8.5.4) or samplers (8.1) (see 9.4.3) in a container whic
ed to preventdamage to the samples in transit and which has been labelled to assure pi

10 ProceTlure for analysis

riod,
ulate

bf air sampled, in litres, at atmospheric temperature and pressure, by multiplyihgthe mean

pling
rates

pling
rceps

samplers (8.1) which have an internalicassette, remove the cassette from each sanppler,

ce(s)

he inhalable (or respirable)ifraction, but which do not have an internal cassette, and for

rhich

h has
oper

10.1 Cleaning of glassware and polypropylene bottles

10.1.1 Before use, clean all glassware to remove any residual grease or chemicals, by soaking in
laboratory detergent solution (7.10) and then rinsing thoroughly with water (7.1).

10.1.2 After initial cleaning (see 10.1.1), clean all beakers used in the sample digestion procedure
specified in 10.2.2 with hot nitric acid. Fill to one-third capacity with concentrated nitric acid (7.2),
cover with a watch glass (8.6.1.4), heat to approximately 150 °C on the hotplate (8.6.4) in a fume hood
for 1 h, allow to cool, and then rinse thoroughly with water (7.1).
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10.1.3 After initial cleaning (see 10.1.1), clean all glassware other than beakers used in the sample
digestion procedure specified in 10.2.2, by soaking in nitric acid diluted 1 + 9 (7.4) for at least 24 h, and
then rinsing thoroughly with water (7.1).

10.1.4 Thoroughly rinse glassware which has been previously subjected to the entire cleaning
procedure specified in 10.1.1, 10.1.2 and 10.1.3, and which has been reserved for analysis of cadmium
by this method, first with nitric acid diluted 1 + 9 (7.4) and then with water (7.1).

10.1.5 Before use, clean the polypropylene bottle (8.6.2.2) by soaking in nitric acid diluted 1 + 9 (7.4)

for at least 24 h and then rinsing thoroughly with water (7.1).

10.2

10.2
(see

matt
If thd
samy
inter

for the blank sampling substrate (see 9.3.7).

10.2
(8.6.]
subs
beak

If gld
labot
dilut
to pr
analy
to at

NOTH
enou
liquid
resid

10.2
solut

If ne
(pap

Preparation of sample solutions and blank test solutions

1 Open the filter-transport cassettes (see 8.5.4), sampling cassettes (see 94:2) or sa
9.4.3) and transfer each sample, including sampling substrate (8.2) and ‘collected
er, to an individual clean, labelled 50 ml beaker (8.6.1.1) using clean,Mlat-tipped for
sampler used was of a type in which airborne particles deposited ¢njthe internal su
ling cassette or sampler forms part of the sample, wash any particihlate material adh
nal surfaces into the beaker using a minimum volume of water(7.1). Follow the sam

2 Add 5 ml of nitric acid diluted 1 + 1 (7.3) to each:beaker, partially cover with a
[.4), and heat to approximately 150 °C on the hotplate(8.6.4) in a fume hood, until t
[rate (8.2) has dissolved, and the volume has been reduced to approximately 1 ml. Ther
ers from the hotplate and allow the solutions to*ceol.

1ss-fibre or quartz-fibre filters are used, itd’s necessary to use polytetrafluoroethy
atory apparatus and to add hydrofluoric acid (7.5) to dissolve the filters before addif
ed 1 + 1 (Z7.3). In such circumstances; the procedure described in 10.3.1 should
epare calibration solutions in hydrofluoric acid diluted 1 + 9. Furthermore, if test s
Fsed using flame atomic absorption‘Spectrometry, it is necessary to use a nebulizer tha
fack by hydrofluoric acid solutions.

The exact temperature of the hotplate is not critical. A temperature of 150 °C is used bec
bh to enable the liquid to be evaporated at an acceptable rate, whilst not being high enough to ¢
at such a rate that there is a significant risk of inadvertently evaporating all the solution af
1e.

3 Carefully¢rinse the watch glass and the sides of each beaker with water (7.1) and t
ion quantitatively to a 10 ml one-mark volumetric flask (8.6.1.7).

er) filter which has been prewashed with nitric acid diluted 1 + 9 (7.4) and then with w

mplers (8.1)
particulate
ceps (8.5.3).
-faces of the
ering to the
e procedure

watch glass
he sampling
remove the

ene (PTFE)
ion of nitric
be modified
plutions are
[ is resistant

huse it is high
bvaporate the
d baking the

ransfer each

Cessary, remove any undissolved particulate matter by filtering the solution through a cellulose

rater (7.1).

Final

10.3

10.3.

ly, dilute to the mark with water (7.1), stopper and mix thoroughly.

Analysis by flame atomic absorption spectrometry

1 General

Laboratory experimentsl2l have shown that flame atomic absorption measurements of cadmium are
not affected significantly by variation in nitric acid concentrations with the range 1 + 19 nitric acid to
1 + 3 nitric acid. However, it is good laboratory practice to match sample and standard matrices as far
as is reasonably practicable.
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10.3.2 Preparation of calibration solutions

Prepare at least six calibration solutions, including a zero-member calibration solution, to cover the
range 0 pg of Cd per millilitre to 1 000 pg of Cd per millilitre. Add 20 ml of nitric acid diluted 1 + 1
(7.3) to separate, labelled 100 ml single-volume volumetric flasks (8.6.1.7). Using a pipette (8.6.1.5),
accurately add the appropriate volume of the cadmium working standard solution A (7.7) to each flask,

dilute to the mark with water (7.1), stopper and mix thoroughly.

Prepare fresh calibration solutions each week at a minimum.

NOTE
depends upo

n which wavelength is used, and it is also governed hy instrumental factors which affect sensi

The range of the set of calibration solutions is given as a guide. The upper limit of the working range

ivity

and the lined
long the resp
limitations o

rity of the calibration. Accordingly, the range of the set of calibration solutions can be varj
onse of the spectrometer over the alternative range of concentrations selected complie$ wit
 curvature indicated in 10.3.3.3.

10.3.3 Calibration

10.3.3.1 Se
wavelength
for nonsped
parameters

NOTE Us
326,1 nm ca
required to p
for the 228,8

10.3.3.2 Ad
into the flan

t-up the atomic absorption spectrometer (8.6.5) to make absorbance measurementg

ific attenuation, if appropriate. Follow the manufacturer's reeommendations for sp
for the operation of instruments.

e of the 228,8 nm cadmium line is specified in this documént since the only alternative
imium line, which exhibits much lower sensitivity. The sensitivity, defined as the concenty
roduce a signal of 1 % absorbance or 0,004 4 absorbanceunits, is about 0,02 pg of Cd per mil
nm cadmium line.

he. (Repeat this procedure regularly throtighout the calibration and readjust the zero

baseline drifts.) Then aspirate the calibration soltitions (10.3.1) into the flame and make absorh

measureme

NOTE Uj

hts for each solution.

(8.6.5) can improve the precision of the absorbance measurements and reduce the volume of solution const

10.3.3.3 Fo
to generate
graph by p
cadmium, in

NOTE In|
is proportion]
tolerated, buf
the bottom 2
on curvature

rinstruments controlled-by a microprocessor or personal computer, use a suitable algor]
the calibration function. For instruments without this possibility, prepare a calibr
otting the absorbarnice of the calibration solutions (10.3.1) versus the concentrati
micrograms permillilitre, in the respective solutions.

general, itisbest to work in the linear range of an atomic absorption calibration, where absorf

al to the’concentration of cadmium in solution. However, a certain amount of curvature c
ideally the slope of the top 20 % of the calibration curve should be not less than 70 % of the sl
% calculated in the same manner. If the calibration obtained does not comply with these limita
itls advisable to prepare a new set of calibration standards with cadmium concentrations

ed as
h the

at a

of 228,8 nm using an oxidizing air/acetylene flame. Use background correction to cofrect

beific

s the
ation
ilitre

just the spectrometer zero whilst aspiratitdg the zero-member calibration solution (9.3.1)

fthe
ance

e of an autosampler to present the“calibration solutions to the atomic absorption spectrometer

med.

ithm
htion
n of

bance
hn be
pe of
tions
ower

than those re

commended in 10.3.1.

10.3.4 Determination

10.3.4.1 Adjust the spectrometer zero whilst aspirating the zero-member calibration solution (see
10.3.1) into the flame. Repeat this procedure regularly throughout the determination and readjust
the zero if the baseline drifts. Then aspirate the sample solution and blank test solution into the
flame and make absorbance measurements for each solution (see 10.2.3). For instruments controlled
by a microprocessor or personal computer, use the calibration function (see 10.3.3.3) to calculate
the concentration of cadmium in the sample solutions, and obtain a direct read-out of the results in
concentration units. For instruments without this possibility, determine the concentration of cadmium
in the sample solutions from the calibration graph (see 10.3.3.3).
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NOTE Use of an autosampler to present the sample solutions to the atomic absorption spectrometer (8.6.5)
can improve the precision of the results and reduce the volume of solution used.

10.3.4.2 Aspirate a mid-range calibration solution after each five to ten samples and make an
absorbance measurement. If this indicates that the sensitivity has changed by more than +5 %, take one
of the following corrective measures: either use the available software facilities of the microprocessor
or personal computer to correct for the sensitivity change (re-slope facility); or suspend analysis and
recalibrate the spectrometer as specified in 10.3.3.2 and 10.3.3.3. In both cases, reanalyse the sample
solutions which were analysed during the period in which the sensitivity change occurred.

10.3,.4.3 Lflow concentrations of cadmium are annr], consider ncing scale nvpancinn’ since thlS can, in

somg instances, improve the precision of measurements made near the detection limit.

10.3{4.4 If high concentrations of cadmium are found, dilute the sample solutions tp bring the
concentration within the calibration range (see 10.2.3). Make all dilutions so that the final nitric acid
concentration is 1 + 9 (7.4), and record the dilution factor F.

10.3}4.5 Calculate the mean cadmium concentration in the blank test solutions.

10.3{4.6 If the concentration of cadmium in the sample solutions is”less than 0,05 pg/ml ((see 10.2.3),
consjder repeating the analysis using electrothermal atomic absorption spectrometry (segq 10.4), since
this technique gives more precise measurements at low concentrations.

10.4{ Analysis by electrothermal atomic absorption spectrometry

10.4{1 General

Cadmium is present at a low level in the enyironment and therefore it is essential that stri¢t standards
of cleanliness are observed to avoid contamination of laboratory apparatus. This is [particularly
impdgrtant when carrying out electrothermal atomic absorption spectrometry, since the technique
exhilﬂts a very low detection limit. It'should be ensured that all glassware is cleaned thorotighly before
use in accordance with 10.1, andtthat autosampler cups (8.6.7) are stored in nitric acid diluted 1 + 9
(7.4) [until required.

10.4|2 Preparation of working calibration solutions

10.4]2.1 Prepare a'working calibration solution at a concentration of 2,5 ng of Cd per millilitre. Using
a pipette (8.6.1,5),-accurately add 250 pl of cadmium working standard solution B (7.8) |to a 100 ml
one-mark volumetric flask (8.6.1.7). Add about 50 ml of water (7.1) and 20 ml of nitric acid diluted 1 + 1
(7.3)| and swirl'to mix. Allow to cool, dilute to the mark with water (7.1), stopper and mix thoroughly.

Preppre afresh solution each week at a minimum.

10.4.2.2 Prepare a working calibration blank solution following the procedure in 10.4.2.1, but omitting
the 250 pul of cadmium working standard solution B (7.8).

Prepare a fresh solution each week at a minimum.
10.4.3 Calibration and determination

10.4.3.1 Set up the atomic absorption spectrometer (8.6.5) and electrothermal atomiser (8.6.6) to
determine cadmium at a wavelength of 228,8 nm, using background correction to correct for non-
specific attenuation. Follow the manufacturer's recommendations for specific operating parameters.
Additional information can be found in Annex A.
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NOTE The operating parameters for electrothermal atomic absorption spectrometry vary considerably
between different instruments, much more so than for flame atomic absorption spectrometry. Typical operating
parameters are given in Tables A.1, A.2, and A.3. The characteristic mass, defined as the number of picograms
required to give 0,004 4 absorbance seconds, is typically about 1 pg for cadmium. This is equivalent to a sample
solution concentration of 0,05 ng of Cd per millilitre of cadmium for a 20 pl sample solution injection volume.

10.4.3.2 Program the autosampler to prepare matrix-modified reference solutions, sample solutions
and blank test solutions in situ on a pyrolytic graphite platform mounted in the pyrolytically coated
graphite tube of the electrothermal atomiser (8.6.6). Prepare at least six matrix-modified calibration
solutions to cover the range 0 ng of Cd per millilitre to 2,5 ng of Cd per millilitre using the working
calibration solution (see 10.4.2.1), the working calibration blank solution (see 10.4.2.2) and the matrix-
modifier soJution (79]. Prepare matrix-modified sample and blank test solutions using the sample
solutions, blank test solutions (see 10.2.3) and matrix-modifier solution. (See Table A.3 forf tyjpical
autosampley injection volumes.)

Sample solutions should be diluted (see 10.4.2.6) before analysis by electrothermal atontic absorption
spectrometyy (see 10.3.4.6), if results obtained by flame atomic absorption spectrometry indicatg that
the cadmiuip concentration is above the upper limit of the calibration range for electrothermal atjomic
absorption §pectrometry (see 10.4.2.2).

NOTE1 T
alternative d

e procedure described above can be varied to accommodate the use of.electrothermal atomisprs of

Psign.
NOTE2 M

htrix-modified calibration and sample solutions can be prepared in one-mark volumetric flasks

(8.6.1.7) as a

10.4.3.3 Se
appropriate
mid-range ¢
sensitivity @

10.4.3.4 Pl
(see 10.4.2.]

autosampley

Analyse the
computer sd
nanograms

10.4.3.5 If
has changed
the availabl
change (re-4
In both cas
sensitivity @

h alternative to preparation in situ using the autosampler.

t up the analytical sequence in the microprgcessor or personal computer. Specif
number of replicate analyses for each solution\and insert a calibration blank solution
alibration solution after each five to ten sample solutions to monitor for baseline drif
hange, respectively.

ice the working calibration solutiofn(see 10.4.2.1), the working calibration blank sol
), the matrix-modifier solution (7.9), and the sample solutions in separate acid-w3

cups (8.6.7), and position_as appropriate in the autosampler carousel (see 10|
matrix-modified calibration*and sample solutions, using the microprocessor or per
ftware to generate a calibration and obtain a direct read-out of sample and blank resu
pf cadmium per millilitre:

bignificant baseline drift is observed during the course of the analysis, or if the sensif
by more than'+5 %, take one of the following appropriate corrective measures: eithe
e softwaretfacilities of the microprocessor or personal computer to correct the sensif
lope facility); or suspend analysis and recalibrate the spectrometer as specified in 10.4
bs, reanalyse the sample solutions which were analysed during the period in whicl
hange occurred.

y an
ind a
t and

1tion
shed
12.3).
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[tsin
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ivity
1 the

10.4.3.6 If concentrations of cadmium above the upper limit of the calibration range (see 10.4.2.2) are
found, dilute the sample solutions to bring them within the calibration range, and repeat the analysis.
Make all dilutions so that the final nitric acid concentration is 1 + 9 (7.4), and record the dilution factor
F.

Alternatively, the cadmium concentration can be brought within the calibration range by using a
reduced aliquot of sample solution. See Table A.2.

10.4.3.7 Calculate the mean cadmium concentration in the blank test solutions.
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Estimation of the instrumental detection limit

10.5.1 Estimate the instrumental detection limit under the working analytical conditions, following
the procedure specified in 10.5.2 and 10.5.3. Repeat this exercise whenever these conditions are
changed.

10.5.2 Prepare a reference solution at a concentration of 0,01 pg of Cd per millilitre for flame atomic
absorption spectrometric analysis and 0,1 ng of Cd per millilitre for electrothermal atomic absorption
spectrometric analysis by diluting working cadmium standard solution B (7.8). Make this dilution so
that the final nitric acid concentration is 1 + 9 (7.4).

10.5
thei

The

whic
mea
the b
3.

NOTH
10.5.
is nof
varia
varia
speci
solut
than

11 ]

11.1 Calculations

11.1
metr

hstrumental detection limit using standard statistical methods.

imit of detection of an atomic absorption method is defined as the concentration of
h the absorbance has a value equal to k times that of the standard deviation of a serieg
ured on a solution, the concentration of which is distinctly detectable above, but clos
lank (k is generally taken as either 2 or 3). For the purposes of thisdeeument, k should

2 The limit of detection calculated from results obtained using the procedure specified
B is an instrumental detection limit. This is of use in identifying.changes in instrument perfor
a detection limit of the method and is likely to be unrealistically low because it only takes int
bility between instrumental readings. Determinations madé-on one solution do not take into

pility from the matrix or sample variability. A more realistic detection limit for the analytig
fied in this document can be obtained by making measurements on at least 10 blank test
ons of blanks (see 9.3.7). The standard deviation of such measurements, made over a longer
between successive calibrations, can be used to gbtain an estimate of the detection limit of thd

Expression of results

1 Calculate the mass cencentration of cadmium in the air sample, p¢g4, in milligran
e at ambient conditions,using the formula:

(Pean > Vi F)=(peap X Vo)

3 Make at least 20 absorbance measurements on the reference solution (see 10.5(2) alnd calculate

analyte for
of readings
e to, that of
be taken as

in 10.5.2 and
mance, but it
p account the
onsideration
al procedure
solutions, i.e.
time interval
method.

s per cubic

Red = v
where
Acad~. © 1s the mean concentration of cadmium, in micrograms per millilitre, in the blank tpst solutions
(see 10.3.4.5 or 10.4.3.7);
Pcas  Is the concentration of cadmium, in micrograms per millilitre, in the sample solution (see
10.3.4.1 or 10.4.3.4);
V is the volume, in litres, of the air sample;
Vo is the volume, in millilitres, of the blank test solution; i.e. 10 ml (see 10.2.3);
4] is the volume, in millilitres, of the sample solution; i.e. 10 ml (see 10.2.3);
F is the dilution factor used in 10.3.4.4 or 10.4.3.6 (F = 1 in the absence of dilution).
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For low concentrations of cadmium-in-air determined by electrothermal atomic absorption
spectrometry, it is recommended to calculate results in micrograms per cubic metre by using solution
concentrations in nanograms per millilitre in the above equation.

11.1.2 In some instances, it is necessary to apply a temperature and pressure correction for the
indicated sampling flow rate (see 9.1.3.2). A typical example of when such a correction is necessary is
when the sampling pump used incorporates a flowmeter of variable area with constant pressure drop,
which was calibrated and used to measure the flow rate in 9.3.2, 9.3.3 and 9.3.5. In this instance, use
the following formula to calculate the volume of air samples:

v T
corr =qV X \/
py X Ty
where
% is[the corrected volume, in litres;

corr

q, is|the mean flow rate, in litres per minute;
t is[the sampling time, in minutes;

p;  is|the atmospheric pressure, in kilopascals, during calibration/©fthe sampling pump flownfeter;
p,  is|the mean atmospheric pressure, in kilopascals, during:the sampling period;

ty is[the temperature, in kelvins, during calibration of-the sampling pump flowmeter;
ty is|the mean temperature, in kelvins, during the §ampling period.

It is possible that other flowmeters will also require correction for variation in temperaturq and
pressure. Fgllow the manufacturer's instructions, for’such corrections.

11.1.3 If appropriate (see 9.1.3.1), calculate_the mass concentration of cadmium in the air sample at
reference temperature and pressure (273 K-and 101,3 kPa, respectively), p¢; cor» Using the formulg:

101,3 T,

= X
pCd,corr Pcd Py X 273

where

Pcq  is[the mass coneentration of cadmium in the air sample, in milligrams per cubic metre, af am-
bient conditions, as calculated in 10.1.1;

T, is|the{mean temperature, in kelvins, during the sampling period;

t is tThe sampling time, in Minutes,
p,  isthe mean atmospheric pressure, in kilopascals, during the sampling period;
101,3 is the standard atmospheric pressure, in kilopascals;

273 isthe reference temperature, in kelvins.
11.2 Performance of the method

11.2.1 Laboratory experiments indicate that the analytical method does not exhibit significant bias.
The mean analytical recovery for spiked cellulosic filters in the range 0,15 pg to 96 pg of cadmium
was determined[2] to be 100,3 % using flame atomic absorption spectrometry; and the mean analytical
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