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1ISO 11174:1996(E)

Workplace air — Determination of particulate cadmlum and cad-

1 Scope

This Interpational Standard specifies a method for the
determination of the mass concentration of particulate
cadmium]and cadmium compounds in workplace air,
using either flame or electrothermal atomic absorption
spectrometry.

The sample digestion procedure specified in.8:22 has
been validlated (see reference [2] in annex B)for a se-
lection of cadmium compounds and pigments and
glass enamels containing cadmium.

The analyftical method has been.validated (see refer-
ence [2] ih annex B) for the determination of masses
of 10 ng o 600 ng of cadmidm”per sample using elec-
trothermd! atomic absorption spectrometry, and 0,15
ug to 94 ug of cadniium per sample using flame
atomic apsorption spectrometry. The concentration
range for|cadmiumih air for which this procedure is
applicablg is detérmined in part by the sampling pro-
cedure sqglected by the user.

s — Flame and electrother

— Cadmium and cadmium compounds are toxic and are suspected human carcmog
annex B). Avoid any exposure by inhalation. Personal protection (e.g. an effective respir
used in all cases where exposure to cadmium or cadmium compounds is possuble

this dnternational Standard. At the time
the, editions indicated were valid. All

orption

ns (see refer-
ator) must be

bf publication,
standards are

subject to revision, and parties to agregments based

on this International Standard are encq
vestigate the possibility of applying the

uraged to in-
most recent

editions of the standards indicated belpw. Members

of IEC and ISO maintain registers of cur
ternational Standards.

ISO 648:1977, Laboratory glassware —
pettes.

ISO 1042:1983, Laboratory glassware
volumetric flasks.

ISO 3585:1991, Borosilicate glass 3.3 —

ISO 3696:1987, Water for analytical labq
Specification and test methods.

ISO 6955:1982, Analytical spectroscopi¢

Flame emission, atomic absorption ang
rescence — Vocabulary.

ently valid In-

One-mark pi-

— One-mark

Properties.

ratory use —

methods —
| atomic fluo-

The method is applicable to personal sampling of the
inhalable or respirable fraction of airborne particles, as
defined in ISO 7708, and to fixed-location sampling.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of

1) To be published.

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

size fraction

ISO 8655-1:—1), Piston and/or plunger operated volu-

metric apparatus (POVA) — Part 1: Defin

itions.

ISO 8655-2:—1), Piston and/or plunger operated volu-
metric apparatus (POVA) — Part 2: Operating consid-

erations.
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ISO 8655-3:—1), Piston and/or plunger operated vol-
umetric apparatus (POVA) — Part 3: Methods of test.

ISO 8655-4:—1), Piston and/or plunger operated volu-
metric apparatus (POVA) — Part 4: Specifications.

ISO 8756:1994, Air quality — Handling of tempera-
ture, pressure and humidity data.

EN 482:1994, Workplace atmospheres — General re-
quirements for the performance of procedures for the
measurement of chemical agents.

EN 1232:—1
personal sampling of chemical agents — Require-
ments and tdst methods.

3 Principle
3.1 Particulgte cadmium and cadmium compounds
are collected by drawing a measured volume of air
through a filfer mounted in a sampler designed to
collect eithe the inhalable fraction of airborne par-
ticles or the respirable fraction of airborne particles, as
appropriate (§ee note 17).

3.2 A test $olution is prepared by treating the filter
and collecteq sample with 5 ml of nitric acid diluted
1+ 1, heating on a hotplate until about 1 ml of con-
centrated nifric acid solution remains, allowing the
solution to cdol and then diluting to 10 ml with water.

3.3 The tegt solution is analysed for cadmium by
aspirating intp the oxidizing air/acetylene flame of an
atomic absofption spectrometer equipped with™Na
cadmium hollow cathode lamp or electrodeless. dis-
charge lamp.|Absorbance measurements are made at
228,8 nm andl results are obtained by thetanalytical-
curve technique (see SO 6955:1982~\subclause
6.1.1).

3.4 For acdurate determination~when the concen-
tration of cadmium in the solution-is low, the analysis
may be repegted using electrothermal atomic absorp-
tion spectrometry. Aliquot$/ef the test solution and a
matrix-modifier solution.are-injected onto a solid, pyro-
platform,/ mounted in a pyrolytically
coated graphite tube,»and after the drying and sample
ashing stagés.“the sample is atomized electro-
thermally. Alyscrbance measurements are made at

© |SO

workplace air are converted to water-soluble cadmium
ions (Cd2+) by the sample digestion procedure speci-
fied in 8.2.2. However, if there is any doubt about the
effectiveness of this procedure for digestion of par-
ticulate cadmium compounds which could be present
in the test atmosphere, investigate this before pro-
ceeding with the method (see 10.1).

5 Reagents

During the analysis, use only reagents of analytical
rade, and only w. ified |

5.1 Water, complying with the réquirements for
ISO 3696 grade 2 water (electrical- '¢condugtivity less
than 0,1 mS/m and resistivity greatér than 0{01 MQ-m
at 25 °C).

5.2 Nitric acid, (HNO3), concentrated, p =[1,42 g/ml,
69 % (m/m) to 71 % (m/m).

The concentration of cadmium shall be |less than
0,01 pg/mt.

WARNING:— Concentrated nitric acid is|corrosive
and oxidizing, and nitric acid fumes arg irritant.
Avoidexposure by contact with the skin or eyes,
or 'by inhalation of fumes. Personal mrotective
equipment (e.g. gloves, face shield or safety spec-
tacles, etc.) must be used when working with the
concentrated or diluted nitric acid, and concen-
trated nitric acid must be used in a fume hood.

5.3 Nitric acid, diluted 1 + 1.

Carefully add 500 ml of concentrated nitric|acid (5.2)
to 450 ml of water (5.1) in a 2 litre beakef. Swirl to
mix, allow to cool and quantitatively transfer to a
1 000 ml one-mark volumetric flask (6.2.1.5). Dilute to
the mark with water, stopper and mix thoroyghly.

5.4 Nitric acid, diluted 1 + 9.

Pour approximately 800 ml of water (5./1) into a
1 000 ml one-mark volumetric flask (6.2.1.5)] Carefully
add 100 ml of concentrated nitric acid (5.2) tp the flask
and swirl to mix. Allow to cool, dilute to the mark with

228,8 nm with background correction and results are
obtained by the analytical-curve technique (see
ISO 6955:1982, subclause 6.1.1).

4 Reactions

In general, the majority of particulate cadmium com-
pounds which are commonly found in samples of

1) To be published.

water, stopper and mix thoroughly.

5.5 Cadmium stock standard solution, corre-
sponding to 1 000 mg of Cd per litre.

5.5.1 Use a commercially available cadmium stan-
dard solution at a concentration of 1000 mg/l. Ob-
serve the manufacturer's expiry date or recom-
mended shelf-life.
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Alternatively, prepare a cadmium standard solution
according to the procedure specified in 5.5.2.

5.5.2 Accurately weigh 1,000g+0,001g of cad-
mium metal, 99,9 % (m/m) of Cd, into a 50 ml beaker
(6.2.1.1), add 20 ml of the nitric acid diluted 1 + 1
(5.3), cover with a watch glass (6.2.1.2) and heat to
approximately 150 °C on the hotplate (6.2.4) in a fume
hood until the metal is completely dissolved. Remove
the beaker from the hotplate, allow to cool, quantita-
tively transfer the solution to a 1000 ml one-mark
volumetric flask (6.2.1.5), dilute to the mark with wa-
ter (5.1), stopper and mix thoroughly.

ISO 11174:1996(E)

5.11 Acetylene, in a cylinder.

5.12 Argon, supplied in a cylinder or as a cryogenic

fluid.
NOTE 1

by electrothermal atomic absorption spec
8.3.3.6).

6 Apparatus

This solution may be stored in a polypropylene bottie
(6.2.2) for [up to one year.

5.6 Cadmium working standard solution A, corre-
sponding fo 100 mg of Cd per litre.

Using a gipette (6.2.1.3), accurately add 10,0 ml of
stock cadmium solution (5.5) to a 100 ml one-mark
volumetrid flask (6.2.1.5). Add 1 ml of concentrated
nitric acid| (5.2), dilute to the mark with water (5.1),
stopper and mix thoroughly.

This solution may be stored in a polypropylene bottle
(6.2.2) for jup to one month.

5.7 Cadmium working standard solution B, corre-
sponding {o 1 mg of Cd per litre.

Using a pipette (6.2.1.3), accurately add 100 pl*of
cadmium |stock solution (5.5) to a 100 ml one-mark
volumetrid flask (6.2.1.5). Add 1 ml of nitric acid™(5.2),
dilute to the mark with water (5.1), stopper-and mix
thoroughly.

This solution may be stored in a polypropylene bottle
(6.2.2) for jup to one month.

5.8 Matrix-modifier solution, corresponding to 1g
of Mg(NOg),-6H,0 perditre‘and 20 g of NH4H,PO4 per
litre.

Weigh 0,[00 g..of *magnesium nitrate hexahydrate
[Mg(NO3)4-6H50] and 2,00 g of ammonium dihydro-
gen phosphate (NH4H,PO4) into a 250 ml beaker

6. Sampling equipment

6.1.1 Samplers, for collection oftthe i
tion or the respirable fraction of.airborne
7.1.1) as defined in ISO 7708/sitable fo
cellulose ester membrane, filters (6.1.2)

ible with the sampling pumps (6.1.3) used.

NOTES

2 A number of different terms are used to
plers designed{for collection of the inhalable
borne particles) for example, sampling heads
filter casséttes and air monitoring cassettes.

3 In%general, the collection characteristic
samplers are such that particulate material c
filter is the inhalable fraction of airborne par

This gas is only required if analysis is carried out

trometry (see

hhalable frac-

particles (see
use with the
and compat-

describe sam-
fraction of air-
| filter holders,

5 of inhalable
llected on the
icles, and any

deposited on the internal surfaces of the safnpler is not of

interest. However, some samplers are desig
airborne particles which pass through the

constitute the inhalable fraction; in which ca
late material deposited on the internal surfac
pler is part of the sample. Certain samplers

corporate an internal filter cassette or cartrid
be removed from the sampler to enable this
easily recovered.

4 Cyclone samplers are typically used for co
sonal samples of the respirable fraction of
ticles.

5 Samplers manufactured in non-conducting
electrostatic properties which may influence
sampling. Electrostatic influences should
where possible, by using samplers manu
conducting material.

ned such that
entry orifice(s)
be any particu-
es of the sam-
bf this type in-
ge which may
material to be

llection of per-
airborne par-

material have
representative
be reduced,
factured from

6.1.2 Filters, soluble using the sample Tigestion pro-

cedure specified in 8.2.2, and with

a retentivity

(6.2.1.1). Agd O mI of water (o.1) and Swirl 10 dis-
solve. Add 10 ml of concentrated nitric acid (5.2), swirl
to mix, and quantitatively transfer the solution to a
100 ml one-mark volumetric flask (6.2.1.5). Dilute to
the mark with water, stopper and mix thoroughly.

5.9 Laboratory detergent solution, suitable for
cleaning samplers and laboratory apparatus, diluted
with water (5.1) according to the manufacturer's in-
structions.

5.10 Air, compressed and filtered.

not less than 99 % for particles of median aero-
dynamic diameter 0,3 um (see 1SO 7708:1995, sub-

clause 2.2).

The cadmium content shall be less than 0,001 pg per

filter.

NOTE 6 Cellulose ester membrane filters of 0,8 pm to
1,2 um pore size are generally the most suitable. Cellulose
(paper) filters can have a retentivity below 99 % and they
are therefore unsuitable. Neither glass-fibre nor quartz-fibre
filters are dissolved by the sample digestion procedure
specified in 8.2.2, but this may be modified to permit their
use (see note 26).
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6.1.3 Sampling pumps, complying with the require-
ments of EN 1232, with an adjustable flow rate, incor-
porating a flowmeter or a flow-fault indicator, and ca-
pable of maintaining the appropriate flow rate (see
7.1.1) to within £5 % of the nominal value throughout
the sampling period (see 7.1.2). For personal sam-
pling, the pumps shall be capable of being worn by a
person without impeding normal work activity. The
pumps shall give a pulsation-free flow (if necessary, a
pulsation damper shall be incorporated between the
sampler and the pump, as near to the pump as possi-
ble).

NOTE 7 Flow 3Ty i 3
to maintain thg flow rate within the limits specified in 6.1.3.

the appropriate flow rate (see 7.1.1) to within +5 %,
and calibratedl against a primary standard, i.e. a flow-
meter of which the accuracy is traceable to national
standards.

6.1.4 Floereter portable, capable of measuring
a

NOTES

8 The flowmgter incorporated in the sampling pump may

be used provid
been calibrate
sampler in ling
tation if it is o
portant to ens|
train between
event a flown
line will give ar

9 A soap bul
standard, proy
standards.

10 If appropr
ture and press
should be reco

ed that it has adequate sensitivity, that it has
H against a primary standard with a loaded
, and that it is read whilst in a vertical orien-
the supported float type. However, it is im-
ure that there are no leaks in the sampling
the sampler and the flowmeter, since in this
eter in the sampling pump or elsewhere in
erroneous flow rate.

ble flowmeter may be used as a primary
ided its accuracy is traceable to national

ate (see 7.1.3.2), the atmospheric tempera-
ure at which the flowmeter was: calibrated
rded.

6.1.5 Ancill
tubing of a

ry equipment, inclgding flexible plastics
iameter suitable formaking a leakproof

connection from the samplefs)(6.1.1) to the sampling
pumps (6.1.3); belts or hatnesses to which the sam-
pling pumps [can conveniently be fixed, unless they
are small endugh to fit.in workers' pockets; flat-tipped
forceps for lopdingtand unloading filters into samplers;
and filter-transport 'cassettes or similar, if required
(see 7.4.1), td transport samples to the laboratory

© SO

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

NOTE 11 It is preferable to reserve a set of glassware for
analysis of cadmium by this method. Heavily contaminated
glassware in general usage may not be satisfactorily
cleaned using the procedure specified in 8.1.4.

6.2.1.1 Beakers, of capacity 50 ml for digestion of
filters of the diameter used in the sampler (see 8.2.2)
and for preparation of the cadmium stock standard
solution (5.5.2); of capacity 250 ml for preparation of
he—rrarte frer—sotaton—{5-6) capacity
2 litres for preparation of nitric acid diluted(|+ 1 (5.3).

6.2.1.2 Watch glasses, to fit the“50 ml beakers
(6.2.1.1).

6.2.1.3 One-mark pipettes, complying with the re-
quirements of 1SO 648, (as an alternative [to piston-
operated volumetric apparatus (6.2.3).

6.2.1.4 Measuring-cylinders, of capacitieg between
10 mland 1 litee:

6.2.1.5 One-mark volumetric flasks, of |capacities
between 10 ml and 1 000 ml, complying with the re-
quirements of ISO 1042.

6.2.2 Polypropylene bottles, of capacity 1|litre.

NOTE 12 Bottles made of alternative plastics may be
used, provided that they are suitable for the infended use
(see 5.5.2, 5.6 and 5.7). However, the use of bdttles made
of coloured plastics should be avoided, since some contain
cadmium pigments which can release cadmiufn when in
contact with nitric acid solutions.

6.2.3 Piston-operated volumetric apparatus, com-
plying with the requirements of ISO 8655-1 to
ISO 8655-4. Automatic pipettes, as an altgrnative to
one-mark pipettes (6.2.1.3) for preparatiqn of the
working standard solutions (5.6 and 5.7), warking cali-
bration solutions (see 8.4.1.1) and calibratior| solutions
(see 8.3.1), and for dilution of samples with concen-
trations above the specific range (see 8[3.3.4 and
8.4.2.6); and dispensers for dispensing acids

6.1.6 Thermometer, 0 °C to 50 °C, graduated in di-
visions of 1°C or better, for measurement of at-
mospheric temperature (see 7.1.3).

6.1.7 Barometer, for measurement of atmospheric
pressure (see 7.1.3).

6.2 Analytical or laboratory apparatus

Ordinary laboratory apparatus, and

NOTE 13 If pipette tips made from coloured plastics are
used, it is advisable to check with the manufacturer that
they contain no cadmium pigments, since these can re-
lease cadmium in contact with nitric acid solutions.

6.2.4 Hotplate, thermostatically controlled, capable
of maintaining a surface temperature of approximately
150 °C (see 8.1.2 and 8.2.2).

NOTE 14 The efficiency of thermostatting of hotplates is
sometimes deficient, and the surface temperature can also
vary considerably with position on a hotplate with a large
surface area. It may therefore be useful to characterize the
performance of the hotplate before use.
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6.2.5 Atomic absorption spectrometer, fitted with
an air-acetylene burner supplied with compressed air
(5.10) and acetylene (5.11), and equipped with either a
cadmium hollow cathode lamp or electrodeless dis-
charge lamp. If electrothermal atomic absorption is to
be carried out (see 8.3.3.6), the atomic absorption
spectrometer shall be capable of carrying out simulta-
neous background correction at 228,8 nm, either by
using a continuous source such as a deuterium lamp
to measure non-specific  attenuation (see
ISO 6955:1982, subclause 5.1.5), or by using Zeeman
or Smith-Hieftje background correction systems.

ISO 11174:1996(E)

NOTES

17 National occupational exposure limits for cadmium and
cadmium compounds typically apply to the inhalable frac-
tion of airborne particles, but some nations have estab-
lished separate limit values for cadmium sulfide which ap-
ply to the respirable fraction of airborne particles. The
sampler used should therefore be selected to meet national

requirements.

18 Both inhalable and respirable samplers are typically

used at flow rates of around 2 I/min (it is ad
to the manufacturer's recommendations).

visable to refer

6.2.6 Elclctrothermal atomizer, fitted with a solid,
pyrolytic pgraphite platform mounted in a pyrolytically
coated graphite tube, supplied with argon (5.12) as a
purge gaq, and equipped with an autosampler capable
of injecting microlitre volumes onto the platform.

NOTE 15 |Some manufacturers of atomic absorption spec-
trometers jse an alternative design of electrothermal atom-
izer to achieve a constant temperature environment during
atomizatiop, and some use aerosol deposition as a means
of sample [introduction. The use of such accessories is ac-
ceptable, put the performance of the method may be dif-
ferent fronmp that given in 9.2.

6.2.7 Disposable autosampler cups, made of poly-
styrene or other suitable plastics, for use in the auto-
sampler ysed with the electrothermal atomizer. Soak
in nitric ag¢id diluted 1 + 9 (5.4) before use.

NOTE 16 |It is recommended to avoid the use of (auto-
sampler cips made of coloured plastics, since seme* con-
tain cadmifim pigments which can release cadmium'in con-
tact with nfitric acid solutions.

6.2.8 Analytical balance, capable,~0f weighing to
+ 0,1 mg.

6.2.9 Disposal gloves, -impermeable, to avoid the
possibility of contamipation from the hands and to
protect them from centact with toxic and corrosive
substancegs. Poly(viny!} chloride) (PVC) gloves are suit-
able.

7.1.2 Sampling period

Select a sampling period of appropriate g
any available information aboutsthe wor
test atmosphere, so that pthe amount]
collected is within the recommended
of the method.

NOTE 19 In order to eStimate a sampling 1
priate duration it issnecessary to consider thd
(see 7.1.1) and the’anticipated concentration
the test atmosphere. When low cadmium-i
tions are antieipated, the lower limit of the W
the method (see 9.3.2) should be taken intd
For example, to determine cadmium in air

tiop, of 5 ug/m3 using flame atomic absorpt|
iy, the minimum sampling time at a flow rd
50 min. When high cadmium-in-air concent
ticipated, the sampling time should not be

risk overloading the filter with particulate ma

7.1.3 Temperature and pressure effed

7.1.3.1 Consider whether it is necs
calculate the mass concentration of cad
reference conditions of temperature an
order to comply with national standan
lations (see ISO 8756). If appropriate,

record the atmospheric temperature

throughout the sampling period (see 7.
7.3.5) and use the equation given in 9.1.
necessary correction.

NOTE 20 Cadmium-in-air concentrations
stated for the actual environmental condif
ture, pressure) at the workplace.

uration, using
process and
of cadmium
vorking range

eriod of appro-
flow rate used
of cadmium in
h-air concentra-
orking range of
consideration.
At a concentra-
on spectrome-
te of 2 I/min is
rations are an-
ong enough to
ter.

ts

ssary to re-
mium in air to
d pressure in
ds and regu-
measure and
and pressure
B.2, 7.3.3 and
B to apply the

are generally
ions (tempera-

7 Sampling
7.1 Sampling procedure

7.1.1 Collection characteristics and flow rate

Select a sampler (6.1.1) suitable for collection of either
the inhalable fraction or the respirable fraction of air-
borne particles, as defined in ISO 7708 (see note 17),
and use at the flow rate at which the sampler exhibits
the required collection characteristics.

7.1.3.2 The indicated flow rate of certain types of
flowmeter is dependent upon temperature and press-
ure. 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 (6.1.4) was calibrated.


https://standardsiso.com/api/?name=a59369513a5861e2fd01a8dcd6de4ca1

ISO 11174:1996(E)

NOTE 21 An example of temperature and pressure cor-
rection for the indicated flow rate is given in 9.1.2, for a
flowmeter of variable area with constant pressure drop.

7.2 Preparation of sampling equipment

Perform the following in an area where cadmium con-
tamination is known to be low.

7.2.1 Clean the samplers (6.1.1) before use. Dis-
assemble the samplers, soak in laboratory detergent
solution (5.9), rinse thoroughly with water (5.1), wipe
with absorptive tissue and allow to dry before re-

© SO

7.3.3 Since it is possible for a filter to become
clogged, monitor the performance of the sampler fre-
quently, a minimum of once per hour. Measure the
flow rate with an accuracy of £5 % using the cali-
brated flowmeter (6.1.4) and, if appropriate (see
7.1.3.1), measure the atmospheric temperature using
the thermometer (6.1.6) and the atmospheric pressure
using the barometer (6.1.7). Record the measured
values.

NOTE 24 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

assembly.

7.2.2 Load the filters (6.1.2) into clean, dry samplers
(7.2.1) using glean, flat-tipped forceps (6.1.5). Connect
each loaded gampler to a sampling pump (6.1.3) using
plastics tubing (6.1.5), ensuring that no leaks can oc-
cur. Switch gn the sampling pump, attach the cali-
brated flownfeter (6.1.4) to the sampler so that it
measures the flow through the sampler inlet orifice(s),
and set the qppropriate flow rate (see 7.1.1) with an
accuracy of +|5 %. Switch off the sampling pump and
seal the sampler with its protective cover or plug to
prevent contgmination with cadmium during transport
to the sampling position.

NOTE 22 It mlight be necessary to warm up certain types
of sampling pump (it is recommended to refer to the manu-
facturer's instrfictions).

7.3 Collection of samples

7.3.1 For pefsonal sampling, fix the sampler ¢o;,the
lapel of the wprker, in the breathing zone and as close
to the mouth| and nose as is reasonably practicable.
Then, either glace the sampling pump in(a Jconvenient
pocket or attpch it to the worker in‘a’manner that
causes minimum inconvenience, for) example, to a
belt (6.1.5) arpund the waist. FerZfixed-location sam-
pling, position| the sampler at the“sampling site.

NOTE 23 The preathing zonehas been defined in EN 1540
(reference [5] i annex B)as'the space around the worker's
face from whgre he takes his breath. For technical pur-
poses, a more| preciSe-definition can be provided, as fol-
lows: hemisphgre.{generally accepted to be 0,3 m in radius)
extending in front_of the human face, centred on the mid-

when the flow rate is outside + 5 % of the nominhl value.

7.3.4 Terminate sampling and consider the pample to
be invalid if the flow rate is not.maintained|to within
15 % of the nominal value throughout the|sampling
period.

7.3.5 At the end of,the“sampling period (see 7.1.2),
measure the flow rate with an accuracy of {5 % us-
ing the calibrated: flowmeter (6.1.4), switch off the
sampling pump.and record the flow rate and|the time.
Also observe\the reading on the elapsed time indica-
tor, if fittedyand consider the sample to bd invalid if
the reading on the elapsed time indicato] and the
timedhinterval between switching the sampling pump
on.and off do not agree to within £+5 %, since this
may suggest that the sampling pump has [not been
operating throughout the sampling period. Reseal the
sampler with its protective cover or plug arld discon-
nect it from the sampling pump. If appropfiate (see
7.1.3.1), measure the atmospheric temperature and
pressure at the end of the sampling period Jusing the
thermometer (6.1.6) and barometer (6.1.7) ahd record
the measured values.

7.3.6 Carefully record the sample identity and all
relevant sampling data (see clause 11). Calgulate the
mean flow rate by averaging the flow-rate [neasure-
ments taken throughout the sampling periad, and, if
appropriate (see 7.1.3.1), calculate the medn atmos-
pheric temperature and pressure. Calculatd the vol-
ume of air sampled, in litres, at atmospheric|tempera-
ture and pressure, by multiplying the mean flow rate,
in litres per minute, by the sampling time, in fninutes.

point of a line joining the ears; the base of the hemisphere
is a plane through this line, the top of the head and the lar-
ynX.

7.3.2 When ready to begin sampling, remove the
protective cover or plug from the sampler and switch
on the sampling pump. Record the time at the start of
the sampling period and, if the sampling pump has an
elapsed time indicator, set this to zero. If appropriate
(see 7.1.3.1), measure the atmospheric temperature
and pressure at the start of the sampling period using
the thermometer (6.1.6) and barometer (6.1.7) and re-
cord the measured values.

7.3.7 With each batch of 10 samples, submit for
analysis two unused filters from the same lot as used
for sample collection. Subject these blank filters to
exactly the same handling procedure as the samples,
but do not draw air through them.

7.4 Transportation

Perform the following in an area where cadmium con-
tamination is known to be low.
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7.4.1 For samplers which collect the required fraction
of airborne particles on the filter (see note 3), remove
the filter from each sampler using clean flat-tipped
forceps (6.1.5), place in a labelled filter-transport cas-
sette (6.1.5) and close with a lid.

7.4.2 For samplers which have an internal filter cas-
sette (see note 3), remove the filter cassette from
each sampler, fasten with the transport clip supplied
by the manufacturer, and label appropriately.

7.4.3 For samplers designed such that airborne par-

ISO 11174:1996(E)

8.1.5 Before use, clean the polypropylene bottle
(6.2.2) by soaking in nitric acid diluted 1 + 9 (5.4) for at
least 24 h and then rinsing thoroughly with water
(5.1).

8.2 Preparation of sample solutions and
blank test solutions

8.2.1 Open the filter-transport cassettes (see 7.4.1),
sampler filter cassettes (see 7.4.2) or samplers (see
7.4.3) and transfer each filter to an individual clean,

labelled 50 ml beaker (6.2.1.1) using cl

an, flat-tipped

ticles whfch pass through the entry orificels) consti-
tute the |nhalable fraction, but which do not have an
internal filter cassette (see note 3), and for samplers
of the didposable cassette type, transport samples to
the laborptory in the samplers in which they were
collected

7.4.4 Transport the filter-transport cassettes (see
7.4.1), sampler filter cassettes (see 7.4.2) or samplers
(see 7.4.3) in a container which has been designed to
prevent damage to the samples in transit and which
has beenllabelled to assure proper handling.

8 Prodedure for analysis

8.1 Clepning of glassware and polypropyl-
ene bottles

8.1.1 Bdfore use, clean all glassware to remove any
residual grease or chemicals, by soaking in laboratory
detergent solution (5.9) and then rinsihg thoroughly
with water (5.1).

8.1.2 Affer initial cleaning (see 8.1.1), clean all beak-
ers used|in the sample digestion procedure specified
in 8.2.2 \vith hot nitric.acid. Fill to one-third capacity
with congentrated nitri€ dcid (5.2), cover with a watch
glass (6.2.1.2), heat\to approximately 150 °C on the
hotplate {6.2.4) in~a“fume hood for 1 h, allow to cool,
and then finse thoroughly with water (5.1).

forceps (6.1.5). If the sampler used wa
which airborne particles deposited.-ényth
faces of the sampler filter cassette’or {
part of the sample (see note, 3), wash 3
material adhering to the internal surf
beaker using a minimum velume of watg
the same procedure for the blank filters

8.2.2 Add 5 ml| wef-hitric acid diluted
each beaker, partially cover with a watcH
heat to approximately 150 °C (see no
hotplate (6.2)4) in a fume hood, until the
solved and the volume has been reduc
mately>} ml. Then remove the beakers
platexand allow the solutions to cool.

NOTES

25 The exact temperature of the hotplate

temperature of 150 °C is used because it is
enable the liquid to be evaporated at an g
whilst not being high enough to evaporate th
a rate that there is a significant risk of inad
rating all the solution and baking the residue

26 If glass-fibre or quartz-fibre filters are us
it is necessary to use polytetrafluoroethylen
tory apparatus and to add hydrofluoric acid
filters before addition of nitric diluted 1 + 1.
stances, the procedure described in 8.3.1
fied to prepare calibration solutions in hydr
luted 1 + 9 (see note 27). Furthermore, if te
analysed using flame atomic absorption sp4
necessary to use a nebulizer that is resistg
hydrofluoric acid solutions.

DANGER — Concentrated hydrofiud

s of a type in
e internal sur-
ampler forms
ny particulate
hces into the
br (5.1). Follow
see 7.3.7).

1+1 (5.3) to
(6.2.1.2), and
te 25) on the
filter has dis-
ed to approxi-
from the hot-

s not critical. A
high enough to
cceptable rate,
e liquid at such
ertently evapo-

d (see note 6),
e (PTFE) labora-
to dissolve the
In such circum-
hould be modi-
bfluoric acid di-
5t solutions are
ctrometry, it is
nt to attack by

ric acid and

hydrogen fluoride vapour are extremely toxic and

8.1.3 After initial cleaning (see 8.1.1), clean all glass-
ware other than beakers used in the sample digestion
procedure specified in 8.2.2, by soaking in nitric acid
diluted 1 + 9 (5.4) for at least 24 h, and then rinsing
thoroughly with water (5.1).

8.1.4 Thoroughly rinse glassware which has been
previously subjected to the entire cleaning procedure
specified in 8.1.1, 8.1.2 and 8.1.3, and which has been
reserved for analysis of cadmium by this method, first
with nitric acid diluted (5.4) 1 + 9 and then with water
(5.1).

intensively corrosive, and diluted hydrofluoric acid
can also cause serious and extremely painful
burns which may not be felt until up to 24 h after
contact. Avoid exposure by contact with the skin
or eyes, or by inhalation of the vapour. Use of per-
sonal protection (e.g. gloves, face shield or safety
spectacles, etc.) is essential when working with
concentrated or diluted hydrofluoric acid, and
concentrated hydrofluoric acid must be used in a
fume hood. It is essential that hydrofluoric acid
antidote gel containing calcium gluconate is avail-
able to workers, both during and for 24 h after the
use of hydrofluoric acid.
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8.2.3 Carefully rinse the watch glass and the sides
of each beaker with water (5.1) and transfer each so-
lution quantitatively to a 10 ml one-mark volumetric
flask (6.2.1.5).

If necessary, remove any undissolved particulate mat-
ter by filtering the solution through a cellulose (paper)
filter which has been prewashed with nitric acid di-
luted 1 + 9 (5.4) and then with water (5.1).

Finally, dilute to the mark with water (5.1), stopper
and mix thoroughly.

© ISO

sensitivity. The sensitivity, defined as the concentration re-
quired to produce a signal of 1 % absorbance or 0,004 4
absorbance units, is about 0,02 pg of Cd per miliilitre for the
228,8 nm cadmium line.

8.3.2.2 Adjust the spectrometer zero whilst aspirat-
ing the zero-member calibration solution (8.3.1) into
the flame. (Repeat this procedure regularly throughout
the calibration and readjust the zero if the baseline
drifts.) Then aspirate the calibration solutions (8.3.1)
into the flame and make absorbance measurements
for each solution.

NOTE 30 Use of an autosampler to present the calibration

8.3 Analysis by flame atomic absorption
spectrometry

NOTE 27 Labgratory experiments (see reference [2] in an-
nex B) have shown that flame atomic absorption measure-
ments of cadmjum are not affected significantly by variation
in nitric acid copcentrations 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 rea-
sonably practicpble.

8.3.1 Preparnation of calibration solutions

Prepare at lepst six calibration solutions, including a
zero-member|calibration solution (see ISO 6955:1982,
subclause 5.4.7), to cover the range 0 ug of Cd per
millititre to 1,0 ug of Cd per millilitre. Add 20 ml of ni-
tric acid diluted 1 + 1 (5.3) to separate, labelled 100 ml
one-mark vollimetric flasks (6.2.1.5). Using a pipette
(6.2.1.3), accyrately add the appropriate volume of the
cadmium wofking standard solution A (5.6) to each
flask, dilute tq the mark with water (5.1), stopper.and
mix thoroughlyy.

Prepare fresh|calibration solutions each week:

solutions to the atomic absorption spectrometqr may im-
prove the precision of the absorbance measuréments and
reduce the volume of solution consumed,

8.3.2.3 For instruments contralled by [a  micro-
processor or personal computer, use a suitpble algo-
rithm to generate the calibration function. Kor instru-
ments without this possibility, prepare a galibration
graph by plotting the @bsorbance of the galibration
solutions versus the ¢oncentration of cadmifim, in mi-

crograms per millilitte) in the respective solutions.

NOTE 31 In gerieral, it is best to work in the linepr range of
an atomic absorption calibration, where absorbafce is pro-
portional .to\the concentration of cadmium in solution.
However, “a certain amount of curvature can be tolerated,
but ideally the slope of the top 20 % of the calibration curve
shquld be not less than 70 % of the slope of the bottom
20:% calculated in the same manner. If the calibration ob-
tained does not comply with these limitations on|curvature,
it is advisable to prepare a new set of calibration| standards
with cadmium concentrations lower than those recom-
mended in 8.3.1.

8.3.3 Determination

8.3.3.1 Adjust the spectrometer zero whilgt aspirat-

NOTE 28 The
given as a guid
pends upon w
erned by instry

range of the set of calibration”solutions is
e. The upper limit of the~working range de-
ich wavelength is used;-and it is also gov-
mental factors which, affect sensitivity and

the linearity of the calibration. Aeeordingly, the range of the

set of calibratio
any changes it
spectrometer
selected is suc
vature indicated

n solutions may)be’varied, but when making

should be ensured that the response of the
ver the altérnative range of concentrations

h that itscomiplies with the limitations on cur-
in pote~31.

ing the zero-member calibration solution (s
into the flame. (Repeat this procedure
throughout the determination and readjust t
the baseline drifts.) Then aspirate the sampl

ee 8.3.1)
regularly
he zero if
b solution

and blank test solution (see 8.2.3) into the flame and

make absorbance measurements for each
For instruments controlled by a microproq
personal computer, use the calibration fund
8.3.2.3) to calculate the concentration of ca

solution.
essor or
tion (see
dmium in

8.3.2 Calibrdtion

the sample solutions, and obtain a direct rdad-out of

8.3.2.1 Set-up the atomic absorption spectrometer
(6.2.5) to make absorbance measurements at a wave-
length of 228,8 nm using an oxidizing air/acetylene
flame. Use background correction to correct for non-
specific attenuation (see SO 6955:1982, subclause
5.1.5), if appropriate. Follow the manufacturer's rec-
ommendations for specific parameters for the oper-
ation of instruments.

NOTE 29 Use of the 228,8 nm cadmium line is specified in
this International Standard since the only alternative is the
326,1 nm cadmium line, which exhibits very much lower

the—resutts—in—concentratiom—umts—For—mstruments
without this possibility, determine the concentration
of cadmium in the sample solutions from the calibra-
tion graph (see 8.3.2.3).

NOTE 32 Use of an autosampler to present the sample
solutions to the atomic absorption spectrometer may im-
prove the precision of the results and reduce the volume of
solution used.

8.3.3.2 Aspirate a mid-range calibration solution after
each five to ten sample and make an absorbance
measurement. If this indicates that the sensitivity has
changed by more than 5 %, take one of the follow-
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ing corrective measures: either use the available soft-
ware facilities of the microprocessor or personal com-
puter to correct for the sensitivity change (reslope
facility); or suspend analysis and recalibrate the spec-
trometer as specified in 8.3.2.2 and 8.3.2.3. In both
cases, reanalyse the sample solutions which were
analysed during the period in which the sensitivity
change occurred.

8.3.3.3 If low concentrations of cadmium are found,
consider using scale expansion, since this may, in
some instances, improve the precision of measure-
ments made near the detection limit.

ISO 11174:1996(E)

8.4.2 Calibration and determination

8.4.2.1 Set up the atomic absorption spectrometer
(6.2.5) and electrothermal atomizer (6.2.6) to deter-
mine cadmium at a wavelength of 228,8 nm, using
background correction to correct for non-specific at-
tenuation (ISO 6955:1982, subclause 5.1.5). Follow
the manufacturer's recommendations for specific op-
erating parameters.

NOTE 34 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

8.3.3.4 |[f high concentrations of cadmium are found,
dilute th¢ sample solutions (see 8.2.3) to bring the
concentration within the calibration range. Make all
dilutions [so that the final nitric acid concentration is
1 + 9, anfl record the dilution factor F.

8.3.3.6 (alculate the mean cadmium concentration in
the blank test solutions.

8.3.3.6 |f the concentration of cadmium in the sam-
ple solutlons (see 8.2.3) is less than 0,05 pg/ml, con-
sider repeating the analysis using electrothermal
atomic apsorption spectrometry (see 8.4), since this
techniqug gives more precise measurements at low
concentrgtions.

8.4 Anflysis by electrothermal atomic ab-
sorption spectrometry

NOTE 33 | Cadmium is present at a low level in the'ehviron-
ment and therefore it is essential that strict standards of
cleanliness are observed to avoid contamipation of labora-
tory appafatus. This is particularly important‘when carrying
out electfothermal atomic absorption Spectrometry, since
the technjque exhibits a very low detection limit. It should
be ensurgd that all glassware is ¢leaned thoroughly before
use in adcordance with 8.1, and—that autosampler cups
(6.2.7) arg stored in nitric acid\diluted 1 + 9 (5.4) until re-
quired.

8.4.1 Pieparation of working calibration solutions

8.4.1.1 Prepare a working calibration solution at a
concentrptien of 2,5 ng of Cd per millilitre. Using a pi-

given in annex A. The characteristic mass,| defined as the
number of picograms required to give(0,004 4 absorbance
seconds, is typically about 1 pg ,fer) cagmium. This is

equivalent to a sample solution concentrati

n of 0,05 ng of

Cd per millilitre of cadmium for\a”20 pl sample solution in-

jection volume.

8.4.2.2 Program the.autosampler to grepare matrix-

modified reference-solutions, sample
blank test solutions in situ on a pyrolyti

solutions and
graphite plat-

form mountéd in the pyrolytically coated graphite tube
of the electrothermal atomizer. Prepafe at least six

matrix-modified calibration solutions
range-@:ng of Cd per millilitre to 2,5 ng
litre"\Using the working calibration
8.471.1), the working calibration blank

to cover the
bf Cd per milli-
solution (see
solution (see

8.4.1.2) and the matrix-modifier solution] (5.8). Prepare
matrix-modified sample and blank test golutions using
the sample solutions, blank test solutigns (see 8.2.3)
and matrix-modifier solution (5.8). (Seq table A.2 for

typical autosampler injection volumes.)

NOTES

35 The procedure described above may e varied to ac-
commodate the use of electrothermal atomizers of alter-

native design (see note 15).

36 Matrix-modified calibration and samplg¢ solutions may
be prepared in one-mark volumetric flasks| (6.2.1.5) as an
alternative to preparation in situ using the ajtosampler.

37 Sample solutions should be diluted (se¢ 8.4.2.6) before
analysis by electrothermal atomic absorptign spectrometry

(see 8.3.3.6), if results obtained by flame at]
spectrometry indicate that the cadmium

above the upper limit of the calibration ra
thermal atomic absorption spectrometry (se

bmic absorption
foncentration is
hge for electro-
P 8.4.2.2).

pette (6.271 3}, —accuratety add—250w—of —Tadrmium
working standard solution B (5.7) to a 100 ml one-
mark volumetric flask (6.2.1.5). Add about 50 ml of
water (5.1) and 20 ml of nitric acid diluted 1 + 1 (5.3),
and swirl to mix. Allow to cool, dilute to the mark with
water (5.1), stopper and mix thoroughly.

Prepare a fresh solution each week.

8.4.1.2 Prepare a working calibration blank solution
following the procedure in 8.4.1.1, but omitting the
250 ul of cadmium working standard solution B (5.7).

Prepare a fresh solution each week.

8.4.2.3 Set up the analytical sequence in the micro-
processor or personal computer. Specify an appropri-
ate number of replicate analyses for each solution,
and insert a calibration blank solution and a mid-range
calibration solution after each five to ten sample sol-
utions to monitor for baseline drift and sensitivity
change, respectively.

8.4.2.4 Place the working calibration solution (see
8.4.1.1), the working calibration blank solution (see
8.4.1.2), the matrix-modifier solution (5.8), and the
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sample solutions (see 8.2.3) in separate acid-washed
autosampler cups (6.2.7), and position as appropriate

in the autosampler carousel. Analyse the matrix-
modified calibration and sample solutions, using the

1 ] + 4+ +
MICIOprocessor of personai computer sottware 10

generate a calibration and obtain a direct read-oufc of
sample and blank results in nanograms of cadmium

per miiintre.

8.4.2.5 |f significant baseline drift is observed during
the course of the analysis, or if the sensitivity has
changed by more than +5 %, take one of the follow-
ing appropriate corrective measures: either use the

© SO

equal to k times that of the standard deviation of a series of
readings measured on a solution, the concentration of
which is distinctly detectable above, but close to, that of
the blank (k is generally taken as either 2 or 3). For the pur-
poses of this International Standard, k should be taken as 3.

40 The limit of detection calculated from results obtained
using the procedure specified in 8.56.2 and 8.5.3 is an in-
strumental detection limit. This is of use in identifying
changes in instrument performance, but it is not a detection
limit of the method and is likely to be unrealistically low be-
cause it only takes into account the variability between in-
strumental readings. Determinations made on one solution
do not take into consideration variability from the matrix or
sample variability A more realistic detection limit for the

available softfvare taciities of the microprocessor Or
personal confputer to correct the sensitivity change
(reslope facility); or suspend analysis and recalibrate

the spectro
cases, reana
analysed dur

eter as specified in 8.4.2.4. in both
yse the sample solutions which were
ng the period in which the sensitivity

change occurfed.

8.4.2.6
per limit of
found, dilute

If cohcentrations of cadmium above the up-

the calibration range (see 8.4.2.2) are
the sample solutions to bring them

within the calibration range, and repeat the analysis.
Make all dilufions so that the final nitric acid concen-

trationis 1 +

38 Alternativdly,

brought within

D, and record the dilution factor F.

the cadmium concentration may be

the calibration range by using a reduced ali-

quot of sampld| solution (see table A.2).

8.4.2.7 Calcllate the mean cadmium concentration in

the blank tesf solutions.

8.5 Estimdtion of the instrumental detection

limit

8.56.1 Estimdte the instrumental detection limit (see

note 40) und

br the working analytieal conditions, fol-

analytical procedure specified in this Internationg! Standard
may be obtained by making measurements.omn pt least 10
blank test solutions, i.e. solutions of blanks“(see [7.3.7). The
standard deviation of such measurements, mdde over a
longer time interval than between Successive dalibrations,
may be used to obtain an estimate ‘of the detection limit of
the method.

9 Expressionof results

9.1 Calculations

9.1,1~Calculate the mass concentration of|cadmium
in_the air sample, pg4, in milligrams per cupic metre
thowever, see note 41), at ambient conditi¢ns, using
the equation

(PCd,1'V1'F)—(PCd,o'Vo)
Pcd= v

where

Pcgdo Iis the mean concentration of cagmium, in

lowing the prpcedure specified-in8.5.2 and 8.5.3, and micrograms per millilitre, in the blank test

repeat this exercise whenever“these conditions are solutions (see 8.3.3.5 or 8.4.2.7);

changed. . . . . .
Pcg,1 is the concentration of cadmium,|in micro-

8.5.2 Preparg a refefence solution at a concentration (gsrggf\; 3pgr1 m'lg'gez' 4|)n the samplg solution

of 0,01 ug of |Cd pep-millilitre for flame atomic absorp- ~3.3.1 0r 8.4.2.4);

t.ion spectronpetfic.analysis anq 0,1 ng of'Cd per milli- 1% is the volume, in litres, of the air sample (see

litre for eledtrothermal atomic absorption spectro- 912

metric analysis by diluting working cadmium standard
solution B (56.7). Make this dilution so that the final
nitric acid concentrationis 1 + 9.

8.5.3 Make at least 20 absorbance measurements
on the reference solution (see 8.5.2) and calculate the
instrumental detection limit using standard statistical
methods.

NOTES
39 The limit of detection of an atomic absorption method

is defined in 1SO 6955:1982, subclause 6.2.3, as the con-
centration of analyte for which the absorbance has a value

10

Vo is the volume, in millilitres, of the blank test
solution, i.e. 10 ml (see 8.2.3);

Vq is the volume, in millilitres, of the sample
solution, i.e. 10 ml (see 8.2.3);

F is the dilution factor used in 8.3.3.4 or
8.4.2.6 (F = 1 in the absence of dilution.

41 For low concentrations of cadmium-in-air determined
by electrothermal atomic absorption spectrometry, it is rec-
ommended to calculate results in micrograms per cubic
metre by using solution concentrations in nanograms per
millilitre in the above equation.
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9.1.2 In some instances, it is necessary to apply a
temperature and pressure correction for the indicated
sampling flow rate (see 7.1.3.2). A typical example of
when such a correction is necessary is when the
sampling pump used incorporates a flowmeter of va-
riable area with constant pressure drop, which was
calibrated and used to measure the flow rate in 7.3.2,
7.3.3 and 7.3.5. In this instance, use the following
equation to calculate the volume of air samples

ISO 11174:1996(E)

0,15 ng to 96 ug of cadmium was determined (see
reference [2] in annex B) to be 100,3 % using flame
atomic absorption spectrometry; and the mean ana-
lytical recovery for spiked filters in the range
0,01 pg to 0,6 pg of cadmium was determined (see
reference [2] in annex B) to be 97,9 % using electro-
thermal atomic absorption spectrometry.

NOTE 42 If the wet-ashing procedure specified in 8.2.2 is
ineffective for the digestion of particulate cadmium com-
pounds present in the test atmosphere, and an alternative
more vigorous digestion procedure has not been used (see
10.1), results will be subject to a significant negative bias.

p T,
Veorr =4t
corr =9y b T.
where
Veorr [is the corrected volume, in litres;
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 of the sampling pump
flowmeter;

Pr is the mean atmospheric pressure, in kilo-
pascals, during the sampling period;

T, is the temperature, in kelvins, during calibra-
tion of the sampling pump flowmeter;

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

Any othdr flowmeter may also require correction for,
variation jn temperature and pressure. Follow the ma-
nufacturgr's instructions for such corrections.

9.1.3 |If pppropriate (see 7.1.3.1), calculate thesmass
concentration of cadmium in the air sample at re-
ference |temperature and pressure, (273 K and
101,3 kP4, respectively), pcy corr. USINgithe equation

101,37,

= X—=
Pcd,cdr = Pcd p2><273

where

Pcq  |is the massiconcentration of cadmium in the
air sample; in milligrams per cubic metre, at
ambient conditions, as calculated in 9.1.1;

T. iS-the mean temperature, in kelvins, during

9.2.2 In laboratory experiments, theytomponent of
the coefficient of variation of thecmiethod that arises
from analytical variability, CVanaiysis. hgds been deter-
mined (see reference [2] in annex B) t¢ be less than
10 % for samples in the range 0,15 ug to 1 pg and
less than 3 % for samples in the range|1 pug to 96 ug
using flame atomic absorption spectronpetry; and less
than 5 % for samples-in the range 0,0f ug to 0,6 ug
using electrothermal’atomic absorption |spectrometry.
This gives a measure of the repeatability of the ana-
lytical method.

NOTE 43(The repeatability of an atorhic absorption
method\at a given level is defined in ISO §955:1982, sub-
clause-6.2.7 as the closeness of agreement between suc-
cessive results obtained using the same method on
identical material submitted for the test under the same
conditions (same operator, same equipment, same set of
reagents, same laboratory).

9.2.3 The overall uncertainty of the|method (see
note 44), as defined in EN 482, has be¢n determined
(see reference [2] in annex B) to be less|than 25 % for
samples in the range 0,15 ug to 1 ug fand less than
15 % for samples in the range 1 pug tp 96 ug using
flame atomic absorption spectrometry;|and less than
17 % for samples in the range 0,01 pg to 0,6 pg using
electrothermal atomic absorption spectrpmetry.

This assumes that the coefficient of vpriation of the
method that arises from inter-specimen sampler vari-
ability, CVinter, is negligible and that thg coefficient of
variation of the method that arises from| flow-rate vari-
ability, CVfjow. is limited to 5 % (see 7.3}4).

These figures are within the specificatipns prescribed
in EN 482 for overall uncertainty of medsurements for

2 X ’ R
the sampimg perodg;

Py is the mean atmospheric pressure, in kilo-
pascals, during the sampling period;

273 is the reference temperature, in kelvins;

101,3 is the standard atmospheric pressure, in kilo-
pascals. -

9.2 Performance of the method

9.2.1 Laboratory experiments indicate that the ana-
lytical method does not exhibit significant bias. The
mean analytical recovery for spiked filters in the range

comparison with limit values (see note 45).
NOTES

44 Overall uncertainty (of a measuring procedure or of an ins-
trument) has been defined in EN 482 (reference [5] in annex B)
as the quantity used to characterize as a whole the uncertainty
of a result given by an apparatus or measuring procedure. It is
expressed, on a relative basis, by a combination of bias and
precision, usually according to the formula

|f—x,ef|+2sx100

Xref

1
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where
X is the mean value of results of a number n of
repeated measurements;
xef IS the true or accepted reference value of
concentration;
s is the standard deviation of measurements.

45 CEN (see EN 482) has described general performance
requirements for the performance of procedures for the
measurement of chemical agents in workplace atmos-
pheres. Upper limits of acceptability for relative overall
uncertainty have been specified for a number of measure-
ment tasks, and these may be used as a guide for the pur-

© SO

in the test atmosphere. If the efficiency of recovery is
less than 95 %, use an alternative, more vigorous
digestion procedure which is not specified in this
International Standard. Do not use a correction factor
to compensate for an apparently ineffective digestion
procedure, since this may also lead to erroneous re-
sults.

NOTE 46 In designing an experiment to determine the ef-
fectiveness of the wet-ashing procedure, it should be rec-
ognized that the particle size distribution of a bulk sample
may have an important influence on the efficiency of its
dissolution. Also, amounts in micrograms of relatively in-
soluble material are frequently much more readily soluble

poses of this|International Standard. CEN requirements
are less strindent for screening measurements than for
measurements for comparison with limit values; and they
are less stringpnt for measurements for comparison with
limit values when these are made in the range 0,1 to 0,5
times the expgsure limit value (overall uncertainty less than
50 %) than wihen they are made in the range 0,5 to 2,0
times the expagsure limit value (overall uncertainty less than
30 %).

9.2.4 A sampling efficiency of 1,00 has been deter-

mined (see r¢ference [3] in annex B) for the filter col-

lection step
aerosols.

9.3 Detect

9.3.1 The g
detection Iim

or laboratory-generated cadmium oxide

on limit and working range

palitative and quantitative instrumental
ts for cadmium defined as three times

and ten timgs the standard deviation of absorbance

measuremen

ts made as described in 8.5, have

been estimated (see reference (2] in annex B) to be

0,003 6 pg/m
sorption  sf
0,24 ng/ml fo
trometry. Fo
a sample sol
to cadmium|
4 ug/m3 for f
0,024 pg/m3
absorption sp

9.3.2 The W
mately 0,002

for electrothermal

0,125 pg to

and 0,012 ug/ml for flame atomic.ab-
ectrometry; and 0,071 ng/ml™~and
r electrothermal atomic absorption spec-
an air sample volume of(30 litres and
ition volume of 10 ml, this Corresponds
n-air concentrations ©fy 1,2 ug/m3 and
ame atomic absorptien sectrometry; and
hnd 0,08 ug/m3 far-glectrothermal atomic
ectrometry.

orking range of the method is approxi-
5 ng te:0,025 pug of cadmium per sample
absorption spectrometry and
Qug of cadmium per sample for flame

atomic absor

htinn cnactramatry ucsina thg narmal nro
HOR-SPectHFomethUSHRg+hReRoHRa—P

than bulk amounts.

10.2 Only silicon has been found\to exhibit any
chemical interference in the atemic absofption de-
termination of cadmium (see reference [4] infannex B),
and this is not solubilized by the wet-ashing procedure
specified in 8.2.2.

10.3 The 228,8 nmicadmium line is subjekt to pos-
sible spectral intetference from arsenic (see|reference
[4] in annex B)s

11 Test report

The test report shall include the following infprmation:

a) all details necessary for a complete idgntification
of the air sample, including the date of|sampling,
the place of sampling, the type of sample
(personal or fixed location), and either the identity
of the individual whose breathing zone jwas sam-
pled (for a personal sample) or the Ipcation at
which the general occupational environment was
sampled (for a fixed-location sample);

b) a reference to this International Standdrd and to
the atomic absorption spectrometric method used
(flame or electrothermal);

¢) the type and diameter of filter used;

d) the tvpe of sampler used:

cedure, without dilution.

10 Special cases

10.1

If there is any doubt about the suitability of the

wet-ashing procedure specified in 8.2.2 for digestion
of particulate cadmium compounds which may be
present in the test atmosphere, determine its effec-
tiveness by analysing a bulk sample of known cad-
mium content, which is representative of the material

12

e) the type of sampling pump used, and its identifi-
cation;

f) the type of flowmeter used, the primary standard
against which it was calibrated, the range of flow
rates for which the flowmeter was calibrated, and
the atmospheric temperature and pressure at
which it was calibrated, if appropriate (see
7.1.3.2);

g) the time at the start and end of the sampling pe-
riod, and the duration of the sampling period, in
minutes;
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h)

the flow rate at the start and end of the sampling
period, and the mean flow rate, in litres per min-
ute;

the mean atmospheric temperature and pressure
during sampling, if appropriate (see 7.1.3.1);

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

ISO 11174:1996(E)

m) the analytical variables used in 9.1 to calculate the

mass concentration of cadmium in the air sample,
including the cadmium concentration in the sam-
ple solution and blank test solution, the volume of
the sample solution and blank test solution, and
the dilution factor;

justed,

n) any interferents known to be present;
h I dth le- o) the estimated detection limit under the working
the name of the person who collected the sample; analytical conditions (see 8.5.3);
the mass concentration ofbg:admlum n thg ar p) any operation not specified in this International
sample, in milligrams per cubic metre, at ambient Standard, or regarded as optional:
conditiens aﬂd, if apprnpn:fn (an 713 1)’ ad-
as required for compliance with national q) the name of the analyst;

standprds and regulations, to reference conditions,
e.g. 20 °C or 25 °C;

r

the date of the analysis.

13
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Annex A

(informative)

©1SO

Typical operating parameters for determination of cadmium by electro-
thermal atomic absorption spectrometry

Mode:
Integration tir
Background o

Injection volu

Mes:

Peak area
ne: Bs
orrection: Zeeman

20 ul of reference or sample solution and
10 pl of matrix-modifier solution

Table A.1 — Typical temperature profile for determination’ of cadmium
by electrothermal atomic absorption spectrometry

Step Ram;; time Holdstime Furnactegt[eempera- Ar?n?/l:n filr:)w Rdad
N W/min
1 Dry 40 30 120 300
2 Ash 10 20 850 300
3 Cool down 1 15 20 300
4 Atomize 0 5 1650 0 .
5 Clean 1 5 2600 300

Table A.2 — Typical autosampler injection volumes for the in situ preparation of matrix-modified

reference and sample solutions

Volume of working|Volume of working| Volume of matrix- Volume of

Matriximodified solufion?) reference reference blank modified sample

solution solution solution solytion
ul ul p I
0 ng/ml refergncetsolution — 20 10 1

0,5 ng/m| refdrente solution 4 16 10

1,0 ng/ml reference solution 8 12 10 —
1,5 ng/ml reference solution 12 8 10 —
2,0 ng/ml reference solution 16 4 10 —
2,5 ng/ml reference solution 20 — 10 —_
Sample solution — — 10 20
Sample solution dilution — 20-x 10 x

1) The cadmium concentrations in the matrix-modified reference solutions are notional, in that they relate to the 20 ul sample solution
volume, i.e. the 10 ul volume of matrix-modifier solution is ignored.

14
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