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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commission (IEC) on all matters of electrotechnical standardization.

International §

Draft Internat
Publication as

Attention is d
patent rights.

International

btandards are drafted in accordance with the rules given in the ISO/IEC Dire

awn to the possibility that some of the elements of this International Stand
SO shall not be held responsible for identifying any or all such paterit rights.

SC 2, Workplace atmospheres.

This second €

Annexes A ar

d B of this International Standard are for information.only.

ctives, Part 3.

onal Standards adopted by the technical committees are circulated to the member bodieg for voting.
an International Standard requires approval by at least 75 % of the member)bedies casting a vote.

ard may be the subject of

Standard 1SO 8518 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee

dition cancels and replaces the first edition (ISO 8518:1990), which has been technically revised.
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Introduction

The health of workers in many industries, e.g. mining, metal refining, battery manufacture, construction, etc., is at risk
through exposure by inhalation of particulate lead and lead compounds. Industrial hygienists and other public health
professionals need to determine the effectiveness of measures taken to control workers' exposure, and this is
generally achieved by making workplace air measurements. This International Standard provides a method for
making valid exposure measurements for lead. It will be of benefit to: agencies concerned with health and safety at
work; indugtrial hygienists and other public health professionals; analytical laboratories; industrial user

of metals a

It has bee
interpretati

hd metalloids, etc.

bn of the results obtained, is entrusted to appropriately qualified and experienced.people.

5 and workers

N assumed in the drafting of this International Standard that the execution ofcits.'provisjions, and the
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INTERNATIONAL STANDARD

ISO 8518:2001(E)

Workplace air — Determination of particulate lead and lead
compounds — Flame or electrothermal atomic absorption
spectrometric method

1 Scope

1.1 This
the determ
workplace

1.2 The 1
ISO 7708,

1.3 The s
The use of
compounds

1.4 The f

200 pg of |
determinat

1.5 Theu
to 100 pg @

1.6 The g
sampling p

2 Norm

The followi

nternational Standard specifies flame and electrothermal atomic absorption spectrometri
ination of the time-weighted average mass concentration of particulate lead and 'lead ¢
Air.

nethod is applicable to personal sampling of the inhalable fraction of airborne particles,
hnd to static (area) sampling.

ample dissolution procedure specifies hot plate or microwave digestion, or ultrasonic ext
an alternative, more vigorous dissolution procedure is necessary-when it is desired to ext
present in the test atmosphere that are insoluble using the dissolution procedures describ
ame atomic absorption method is applicable to the determination of masses of approxin

on of masses of approximately 0,01 pg to 0,5 pg of tead per sample, without dilution [1].

[trasonic extraction procedure has been validated for the determination of masses of approx
f lead per sample, for laboratory-generated lead fume air filter samples [2].

oncentration range for lead in air_for~which this procedure is applicable is determined
rocedure selected by the user (see.10.1).

htive references

this Intern

publication$ do not apply. However, parties to agreements based on this International Standard are ¢
investigate |the possibility of applying the most recent editions of the normative documents indicat
undated references,the latest edition of the normative document referred to applies. Members of

maintain r

ISO 648:1977Laboratory glassware — One-mark pipettes

ng normative documents contain provisions which, through reference in this text, constitutg
tional Standard.ckor dated references, subsequent amendments to, or revisions of,

isters.«afictrrently valid International Standards.

c methods for
ompounds in

as defined in

action (11.2).
ract lead from
ed herein.

nately 1 pg to

pad per sample, without dilution [1]. The electrothepmal atomic absorption method is applicable to the

imately 20 pg

n part by the

provisions of
any of these
ncouraged to
bd below. For
ISO and IEC

ISO 1042:1998, Laboratory glassware — One-mark volumetric flasks

ISO 3585:1998, Borosilicate glass 3.3 — Properties

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

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

ISO 8655-1, Piston-operated volumetric apparatus — Part1: Terminology, general requirements and user
recommendations

ISO 8655-2, Piston-operated volumetric apparatus — Part 2: Piston pipettes
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ISO 8655-5, Piston-operated volumetric apparatus — Part 5: Dispensers

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

ISO 15202-2:2001, Workplace air — Determination of metals and metalloids in airborne particulate matter by
inductively coupled plasma atomic emission spectrometry — Part 2: Sample preparation

EN 132057, Workplace atmospheres — Assessment of performance of instruments for measurement of airborne
particle concentrations

3 Terms 4
For the purpo
3.1 General

3.1.1

chemical age
any chemical
released, incl
placed on the

[EN 1540]

3.1.2
breathing zo
space around

NOTE For tec

extending in frg
through this ling

[EN 1540]

3.1.3
exposure by

nd definitions
ses of this International Standard, the following terms and definitions apply.

definitions

nt

element or compound, on its own or admixed as it occurs in the natural state or as produc
Iding release as waste, by any work activity, whether or not produced intentionally and wh
market

he
a person's face from where he or she takes his/or her breath

hnical purposes, a more precise definition is»as/follows: hemisphere (generally accepted to be 0,3

nt of the human face, centred on the midpaint of a line joining the ears; the base of the hemisphe
, the top of the head and the larynx. This.definition is not applicable when respiratory protective equip

inhalation

situation in which a chemical agentispresent in air which is inhaled by a person

3.1.4
measuring p
procedure for
the sample

3.15

ocedure
samplingland analysing one or more chemical agents in the air, including storage and trans

ed, used or
bther or not

m in radius)
e is a plane
hentis used.

portation of

operating tin

e

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

[EN 1232]

3.1.6
time-weighte

d average concentration

TWA concentration

concentration

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

1) To be published.
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NOTE A more detailed discussion of TWA concentrations and their use can be found in [3].

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

EXAMPLE Threshold Limit Value® (TLV) for a given substance in workplace air, as established by the ACGIH [3].

3.1.8
reference period
specified period of time stated for the limit value of a specific chemical agent

NOTE Exalnples of limit values for different reference periods are short-term and long-term exposure limits,|such as those
established by the ACGIH [3].

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

[EN 1540]
3.2 Particle size fraction definitions

3.2.1
inhalable gonvention
target spedfication for sampling instruments when the inhalable/ftaction is of interest

[1SO 7708]

3.2.2
inhalable fraction
mass fractipn of total airborne particles whichyisinhaled through the nose and mouth

NOTE Thelinhalable fraction depends on the Speed and direction of air movement, on breathing rate and other factors.
[ISO 7708]

3.2.3
respirable|convention
target spedffication for sampling instruments when the respirable fraction is of interest

[1SO 7708]

3.24
respirable fraetion
mass fraction of inhaled particles penetrating to the unciliated airways

[1SO 7708]

3.25
total airborne particles
all particles surrounded by air in a given volume of air

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

[1SO 7708]

© 1S0 2001 — All rights reserved 3
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3.3 Samplin

3.3.1

g definitions

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

[EN 1540]

3.3.2

personal sampling
process of sampling carried out using a personal sampler

[EN 1540]

3.3.3
sampling ins
sampler
device for coll

NOTE Instrum
filter holders, fil

3.34

static sampli
area samplin
process of air|

3.35

static samplé
area samplef
device, not at

3.4 Definitig

3.4.1
sample dissq
process of ob

NOTE This m
3.4.2

sample prep
all operationg

trument

pcting airborne particles

ents used to collect airborne particles are frequently referred to by a number of othier terms, e.g. sanj
er cassettes, etc.

ng

g
sampling carried out in a particular location

h

r
ached to a person, used in static sampling
ns used in analysis

lution
aining a solution containing the analytes of interest from a sample

hy or may not involve complete,dissolution of the sample.

hration
carried out on)a sample, after transportation and storage, to prepare it for analysis

transformation of the sampleinto a measurable state, where necessary

3.4.3

sample solutfion

solution prepd

pling heads,

, including

berations in

red by the process of sample dissolution, but possibly needing to be subjected to further o

order to produee—atestselytionthatisreadyferanalysis

3.4.4
test solution

solution prepared by the process of sample dissolution and, if necessary, having been subjected to any further
operations required to bring it into a state in which it is ready for analysis

3.5 Statistic

3.5.1

al terms

analytical recovery
ratio of the mass of analyte measured when a sample is analysed to the known mass of analyte in that sample

NOTE

It is expressed as a percentage.
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3.5.2
bias
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consistent deviation of the results of a measurement process from the true value of the air quality characteristic itself

[1SO 6879]

3.5.3

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

NOTE ltis

|z —
x

where

S

Lret

s
[EN 482]
3.54

precision
closeness

[1SO 6879]
NOTE Preq

3.5.5
true value

expressed, as a percentage, by a combination of bias and precision, usually according to the formula:

:fl + 2s

ef

X 100

is the mean value of results of a number (1) of repeated measurements;
is the true or accepted reference value of concentration; and

is the standard deviation of repeated measurements.

ision is often expressed in terms of the relative standard deviation.

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

[1SO 3534-

NOTE The

4 Princi

4.1 A kng
sampling, g

L]

true value of a quantity is a theoretical concept and, in general, cannot be known exactly (see EN 15

ple

wnAolume of air is drawn through a filter to collect particulate lead and lead compounds
sampler designed to collect the inhalable fraction of airborne particles is used.

pf agreement of results obtained by applying the:same method several times under prescril

ed conditions

s considered

10).

For personal

4.2 The filter and collected sample are subjected to a dissolution procedure in order to extract lead. The sample
dissolution procedure may use one of three techniques: hot plate digestion, microwave digestion or ultrasonic

extraction.

4.3 Sample solutions are analysed for lead content by aspirating into the oxidizing air-acetylene flame of an atomic
absorption spectrometer equipped with a lead hollow-cathode lamp or electrodeless discharge lamp. Absorbance
measurements are made at 283,3 nm, and analytical results are obtained by the analytical curve technique (see 6.1
of ISO 6955:1982). Potential interference by anions that form precipitates with lead is overcome by the addition of the
disodium salt of ethylenediamine tetraacetic acid (EDTA) when necessary.

4.4 For accurate lead determination when the concentration of lead in the solution is low, the analysis may be
repeated using electrothermal atomic absorption spectrometry. Aliquots of the test solution are injected into a

© SO 2001 -
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graphite furnace, and after drying and sample ashing stages, the sample is atomized electrothermally. Absorbance
measurements are made at 283,3 nm with background correction, and results are obtained by the analytical curve
technique (see 6.1 of ISO 6955:1982).

4.5 The results may be used for the assessment of workplace exposures to airborne particulate lead (see EN 689).

5 Reactions

In general, the overwhelming majority of particulate lead compounds that are commonly found in samples of
workplace air are converted to water-soluble lead ions (Pb%*) by the sample dissolution procedures described in
11.2. However, certain lead compounds, for example lead silicate, might not be dissolved. If necessary, a dissolution

procedure enpploying hydrofluoric acid should be used to dissolve silicate lead. If there is any doubi about the
effectiveness jof these procedures for the dissolution of particulate lead compounds that may be présent in the test
atmosphere, then this shall be investigated before proceeding with the analytical method described\in clguse 11.

6 Requirgment

The measuring procedure shall comply with any relevant international, european or.fdtional standard thpat specifies
performance fequirements for procedures for measuring chemical agents in workpface air (e.g. EN 482).

7 Reagenfs

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

7.1 Water, gomplying with the requirements for ISO 3696 grade 2 water (electrical conductivity less thap 0,1 mS/m
and resistivity|greater than 0,01 M{2-m at 25 °C).

The concentration of lead in the water shall be less than®©, 01 pg/ml.

It is recommgnded that the water used be obtained-from a water purification system that delivers ultrdpure water
having a resigtivity greater than 0,18 MQ2-m (usually expressed by manufacturers of water purification gystems as
18 M{2-cm).

7.2 Nitric a¢id (HNOs), concentrated; p= 1,42 g/ml (about 70 % mass fraction).

The concentration of lead shall belless than 0,01 pg/ml.

WARNING — Concentrated\nitric acid is corrosive and oxidizing, and nitric acid fumes are irritant. Avoid
exposure by| contact with. the skin or eyes, or by inhalation of fumes. Use suitable personal [protective
equipment (including \suitable gloves, face shield or safety glasses, etc.) when working| with the
concentratedq or dilyte nitric acid, and carry out sample dissolution with concentrated nitric acjd in open
vessels in a fume kood.

7.3 Nitric a

o, diftuted T =1

Carefully add 500 ml of concentrated nitric acid (7.2) to 450 ml of water (7.1) in a 2-litre beaker. Swirl to mix, allow to
cool and transfer to a 1-litre one-mark volumetric flask (8.6.1.4). Dilute to the mark with water, stopper and mix
thoroughly.

7.4 Nitric acid, diluted 1 + 9.

Place approximately 800 ml of water (7.1) in a 1-litre one-mark volumetric flask (8.6.1.4). Carefully add 100 ml of
concentrated nitric acid (7.2) to the flask and swirl to mix. Allow to cool, dilute to 1 litre with water and mix thoroughly.

7.5 Hydrofluoric acid (HF), concentrated, p ~ 1,16 g/ml (about 48 % mass fraction), if required, for digestion of
samples containing lead silicates.

© 1SO 2001 - All rights reserved
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The concentration of lead 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, and diluted hydrofluoric acid can also cause serious and painful burns that might 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, etc.) is essential when
working with concentrated or diluted hydrofluoric acid, and concentrated hydrofluoric acid should be used
in a fume hood. It is essential that hydrofluoric acid antidote gel containing calcium gluconate is readily
available to workers, both during and for 24 h after use of hydrofluoric acid.

7.6 Matrix modifier, NH4H,PO,, Mg(NO3), or Pd(NO3),, or a combination of these, if required, for analysis by
electrothermal atomic absorption spectrometry.

7.7 StocH lead standard solution, 1 000 mg/l of lead.

Use a comnercial standard solution with a certified lead concentration traceable to national Standardd. Observe the
manufacturer's expiration date or recommended shelf life.

Alternatively, prepare a lead standard solution by one of the following procedures.

a) Dissolve 1,598 g = 0,001 g of lead(ll) nitrate [Pb(NO3),], previously dried to constant mass gt 110 °C and
cooled |in a desiccator, in 200 ml of 1 4 1 nitric acid (7.3). Quantitatively. transfer the solution to a| 1000 ml one-
mark vglumetric flask (8.6.1.4). Dilute to the mark with water (7.1), stoppet and mix thoroughly. Storfe in a suitable
containgr, e.g. a polypropylene bottle (8.6.2.2), for a maximum periad of one year.

b) Dissolve 1,000g 4 0,001 g of lead wire (99,9 % mass fraction® Pb) in 200 ml of 1+ 1 nitrjic acid (7.3).
Quantitgtively transfer the solution into a 1 000 ml one-mark.yolumetric flask (8.6.1.4), dilute to fhe mark with
water (J.1), stopper and mix thoroughly. Store in a suitable\Container, e.g. a polypropylene bottle (8.6.2.2), for a
maximuym period of one year.

7.8 Work|ng lead standard solution, 1 mg/l of lead, if\required, for analysis by electrothermal atomic absorption
spectrometty.

Accurately pipette 100 pl of stock lead standard-solution (7.7) into a 100 ml one-mark volumetric flask |(8.6.1.4). Add
1 ml of corjcentrated nitric acid (7.2), dilute te‘the mark with water (7.1), stopper and mix thoroughly. Store in a
suitable coptainer, e.g. a polypropylene bottle (8.6.2.2), for a maximum period of one month.

7.9 Hydrpgen peroxide (H,0,), approximately 30 % mass fraction solution, if required, for use in the hot-plate
sample diggestion method.

The concentration of lead in the hydrogen peroxide solution shall be less than 0,01 pg/ml.
7.10 Ace}ylene, if reguired, for use in analysis by flame atomic absorption spectrometry.

7.11 Air,|lcompréssed and filtered, if required, for use in analysis by flame atomic absorption spectrometry.

8 Apparatts

8.1 Inhalable samplers, designed to collect the inhalable fraction of airborne particles, complying with the
provisions of EN 13205, for use when the exposure limits of interest apply to the inhalable fraction of airborne
particles.

NOTE 1 In general, personal samplers for collection of the inhalable fraction of airborne particles do not exhibit the same size-
selective characteristics if used for static (area) sampling.

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

© 1S0 2001 — All rights reserved 7
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instructions supplied by the manufacturer should be consulted to find out whether particulate matter deposited on the internal
surfaces of the sampler forms part of the sample.

8.2 Filters, of a diameter suitable for use with the samplers (see 8.1), with a collection efficiency of not less than
99,5 % for particles with a 0,3 pwm diffusion diameter in accordance with 2.2 of ISO 7708:1995, with a minimum lead
content (typically less than 0,1 pg Pb), and compatible with the selected sample preparation method.

NOTE See annex A for guidance on filter selection.

8.3 Sampling pumps with an adjustable flowrate and capable of maintaining the selected flowrate (between
11/min and 51/min for personal sampling pumps, and between 5I/min and 400 I/min for high-volume sampling
pumps) to within £ 5 % of the nominal value throughout the sampling period (see 10.1.2).

NOTE A flow-btabilized pump may be required to maintain the flowrate within the specified limits.

For personal |sampling the pumps shall be capable of being worn by the worker without impeding nprmal work
activity. Sampling pump flowmeters shall be calibrated using either a primary or secondary standard; if a secondary
standard is uged, it shall be calibrated using a primary standard.
The pump sthId have, as a minimum, the following features:

— an automdtic control that keeps the volumetric flowrate constant in the case of'a changing back-pressure;

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

— afacility fgr the adjustment of flowrate, such that it can only be actuated with the aid of a tool (e.g. screwdriver) or
requires gpecial knowledge for operation (e.g. via software), se<as to preclude inadvertent readjustment of the
flowrate dpring use.

An integral timer is a highly desirable additional feature.

EN 1232 and [EN 12919 require that the performance jof the pumps be such that:
— the pulsatjon of the flowrate does not exceed10"%;

— a flowratg set within the nominal range. dees not deviate by more than 45 % from the initial vialue under
increasing back-pressure;

— within the|range of ambient temperatires from 5 °C to 40 °C, the flowrate measured under operating conditions
does not Teviate by more than_ £ 5 % from the flowrate at 20 °C;

— the operafing time is at least.2\h, and preferably 8 h;
— the flowrafe does not deyiate by more than & 5 % from the initial value during the operating time.
If the sampling pump-is_used outside the range of conditions specified in EN 1232 and/or EN 12919, appropriate

action should |be taken to ensure that the performance requirements are met. For instance, at sub-zero temperatures
it might be nefessary to keep the pump warm by placing it under the worker's clothes.

8.4 Flowmeter, portable, with an accuracy that is sufficient to enable the volumetric flowrate (see 10.1.1.2) to be
measured to within £ 5 %.

The calibration of the flowmeter shall be checked against a primary standard, i.e. a flowmeter whose accuracy is
traceable to national standards. If appropriate (see 10.1.3.1), 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 flowrate to within 4= 2 % or better.

8.5 Ancillary equipment.

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

8 © 1SO 2001 — All rights reserved
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8.5.2 Belts or harnesses, to which the sampling pumps can conveniently be fixed for personal sampling (except
where the sampling pumps are small enough to fit inside worker's pockets).

8.5.3 Flat-tipped forceps, for loading and unloading filters into samplers.
8.5.4 Filter transport cassettes, or similar, if required to transport samples for laboratory analysis.
8.5.5 Barometer, suitable for measurement of atmospheric pressure, if required (see 10.1.3).

8.5.6 Thermometer, minimum temperature range of 0 °C to 50 °C, with graduated divisions of 1 °C or less, for
measurement of atmospheric temperature

For applicgtions at temperatures below freezing, the range of the thermometer shall extend(to-’thie appropriate
desired range.

8.6 Analytical or laboratory apparatus.
Ordinary laporatory apparatus, and:
8.6.1 Glagsware, made of borosilicate glass 3.3 and complying with the requirements of ISO 3585.

It is prefergble to reserve a set of glassware for analysis of lead by this.method, in order to ensure that problems do
not arise frpm incomplete removal of lead contamination by cleaning:

8.6.1.1 Beakers, of capacities between 50 ml and 150 ml, with watch-glasses to fit the beakers;| for hot plate
procedures.

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

8.6.1.3 Measuring cylinder, of capacity between 10 ml and 1 000 ml. (Also often referred to ag a graduated
cylinder.)

8.6.1.4 Ome-mark volumetric flasks}.of capacities between 10 ml and 1 000 ml, complying with the|requirements
of ISO 1042.

8.6.2 Pladtic labware.

8.6.2.1 Heatable beakers, beaker covers, etc., if required, made of a material that is resistant tq corrosion by
hydrofluori¢ acid, e.g. & fluorocarbon polymer such as polytetrafluoroethylene (PTFE), and suitable for performing
dissolutions using‘hydrofluoric acid.

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

8.6.3 Piston-operated volumetric instruments, complying with the requirements of 1SO 8655-1 and tested in
accordance with ISO 8655-6; pipetters, complying with the requirements of ISO 8655-2, as an alternative to one-
mark pipettes, for the preparation of standard solutions, calibration solutions and dilution of samples; and
dispensers, complying with the requirements of ISO 8655-5, for dispensing acids.

8.6.4 Hot plate, thermostatically controlled, capable of maintaining a surface temperature of approximately 150 °C,
for hot-plate procedures.

The efficiency of thermostatting of hot plates is sometimes deficient, and the surface temperature can also vary
considerably with position on hot plate with large surface areas. It is therefore recommended that the performance of
the hot plate be characterized prior to use.
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8.6.5 Microwave digestion apparatus.
8.6.5.1 General

Ensure that manufacturer's safety recommendations are followed.

NOTE 1 The specified method is for closed vessel microwave digestion systems with a temperature control system. Microwave
digestion systems that are equipped only with a pressure control system and/or with lower pressure vessels may be used provided
that a suitable sample dissolution procedure is developed and a prior assessment of dissolution efficiency is carried out.

NOTE 2 Open-vessel microwave digestion systems can give results equivalent to closed-vessel microwave digestion systems.
They may therefore be used provided that a suitable sample dissolution procedure is developed and a prior assessment of

dissolution effig

8.6.5.2 Micr

lency IS carried out.

bwave digestion system, designed for closed-vessel sample digestion in the laberatory,

output regulation, fitted with a temperature control system capable of sensing the temperature o within 7

automatically

The microway
to ensure safe

CAUTION —
associated w
into the cavi
opened, pote
hazardous.

NOTE A pres
excessive pres

8.6.5.3 Vesg
and with an in

The vessels s
at least 3 000
be equipped
vessels cons
[usually a flug
solution from
equivalent or

CAUTION —
chemically re
the high pre
physical deg

adjusting the microwave power output within 2 s.

e cavity shall be corrosion-resistant and well ventilated, with all electronicS protected again
operation.

ith their use for the procedure described in this Internationhal Standard. Acid vapour
y can corrode safety devices that prevent the magnetren from shutting off when t
ntially exposing the operator to microwave energy. Also; the fumes generated can be

ure control system is also very useful, since it provides, a*safeguard against the possibility of samplg
bure build-up and partial venting of the sample vessels;

els, designed for carrying out microwave digestions, capable of withstanding a temperature
ternal volume of at least 50 ml.

hall be transparent to microwave energy, and shall be capable of withstanding internal pres
kPa (435 psi) or greater, and temperatures up to at least 180 °C or greater. Closed vessel
With a safety relief valve op-disc that will prevent vessel rupture or ejection of the vessel
st of an inner liner and (cover made of a microwave-transparent and chemically resistg
focarbon polymer suchras tetrafluoromethoxyl polymer (TFM)], which contains and isolates
A high-strength, outér-pressure vessel structure. Other types of sample vessel designed td
higher temperaturés or pressures, or both, may be used.

For closed-vessel designs, the material from which the outer vessels are made is usu
sistant aS'the liner material. Since the outer vessels provide the strength required to
ssuresswithin the inner liners, they shall be inspected regularly to check for any ¢
Fadation.

with power
2 °C and

5t corrosion

Do not use domestic (kitchen) microwave ovens, since there are very significapt hazards

s released
he door is
extremely

b loss due to

of 180 °C,

sures up to
5 shall also
cap. Such
nt material
the sample
operate at

ally not as
withstand
hemical or

8.6.6 Ultras

nic patn (sonicator), 1or performing ultrasonic extractions, capable OT delivering Sufricie

t power to

effect the quantitative dissolution of particulate lead under the conditions described in 11.2.5 (typically 1 W/cm?
power density or greater).

8.6.7 Plastic centrifuge tubes, 50 ml, with screw caps (for ultrasonic procedure).

8.6.8 Atomic absorption spectrometer, fitted with an air-acetylene burner supplied with compressed air and
acetylene, and equipped with either a lead hollow cathode lamp or electrodeless discharge lamp [4, 5]. If sample
dissolution is carried out with the aid of hydrofluoric acid (see 11.2.3.3 and 11.2.4.2), the atomic absorption
spectrometer shall be hydrofluoric acid-compatible. If electrothermal atomic absorption is to be carried out, the
atomic absorption spectrometer shall be capable of carrying out simultaneous background correction at 283,3 nm,
either by using a continuum source such as a deuterium lamp to measure non-specific attenuation (see for example
5.1.5 of ISO 6955:1982), or by using Zeeman or Smith-Hieftje background correction systems [6].
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8.6.9 Electrothermal atomiser, fitted with a solid, pyrolytic graphite platform mounted in a pyrolytically-coated
graphite tube, supplied with argon purge gas, and equipped with an autosampler capable of injecting microlitre
volumes onto the platform.

NOTE Some manufacturers of atomic absorption spectrometers 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, provided satisfactory method performance is verified. Likewise, atomisers made from
heat-resistant metal, e.g. tungsten, might also be suitable.

8.6.10 Analytical balance, capable of weighing to = 0,1 mg, if required, for use in preparation of stock standard
lead solution.

8.6.11 Digposable gloves, for prevention of sample contamination.

8.6.12 Fofceps, flat-tipped, for loading and unloading of filters into and out of samplers.

9 Occupational exposure assessment

9.1 Assgssment strategy

Refer to rel
appropriate

pvant International or national Standards (e.g. EN 689, ASTM€21370) for guidance on how
assessment strategy.

to develop an

9.2 Meagurement strategy

9.2.1 Genleral

Refer to r
measurem

blevant International or national Standards (e.g. EN 689, ASTM E1370) for general
PNt strategy.

guidance on

9.2.2 Pergonal sampling

Exposure g

f workers to lead shall normally be determined by personal sampling, since the concentrati

bn of lead and

lead compaunds in the breathing ‘zone is usually higher than their background levels in the workplace.
9.2.3 Statjc (area) sampling
Static (are@) sampling/may be carried out, if appropriate, to assess the exposure of workers in a sifuation where

personal sampling.is not possible; to characterise the background level of lead in the workplace to give

of the efficiency.of ventilation or other engineering controls; or to provide information on the location a
an emissiop source.

an indication
nd intensity of

9.3 Selection of measurement conditions and measurement pattern

9.3.1 Gen

eral

9.3.1.1 The sampling procedure shall be devised to cause the least possible interference with the worker and the
normal performance of the job, and to provide samples that are representative of normal working conditions and that
are compatible with the analytical method.

9.3.1.2 The pattern of sampling shall take into consideration practical issues, such as the nature of the
measurement task and the frequency and duration of particular work activities.
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9.3.2 Screening measurements of variation of concentration in time and/or space

Screening measurements of variation of concentration in time and/or space may be carried out in the initial stages of
a survey to identify locations and periods of elevated exposure, and to set the duration and frequency of sampling for
measurements for comparison with limit values.

NOTE For making screening measurements of variation of concentration in time and/or space, the sampling time used is
normally between 5 min and 30 min.

9.3.3 Screening measurements of time-weighted average concentration and worst-case measurements

Screening mg
to assess the
obtain clear in

9.3.4 Measurements for comparison with limit values and periodic measurements

For making lo
representative

NOTE The be
practicable or n

10 Sampl

10.1 Preliminary considerations

10.1.1 Seleg

10.1.1.1 Sel
ISO 7708.

If possible, th
non-conductin

10.1.1.2 Use
they collect th

asurements of time-weighted average concentration may be carried out in the initial stages
effectiveness of control measures. This may involve sampling during representative Work
formation about the level and pattern of exposure, or worst-case measurements can.be ma

ng-term measurements, samples shall be collected for the entire working period or during 8
work episodes [3].

5t estimate of long-term exposure is obtained by taking samples fof.the” entire working period, but thi
ot desirable (e.g. because of the possibility of overloading the filter).

ng

tion and use of samplers

pct samplers (8.1) designed\\to collect the inhalable fraction of airborne particles, as

e samplers selected-should be manufactured from conducting material, since samplers cg
g material have.-glectrostatic properties that can influence representative sampling.

e inhalablefraction of airborne particles.

of a survey
ppisodes to
1de.

number of

5 is often not

defined in

mprised of

the samplers-at their design flowrate and in accordance with the manufacturer's instructigns, so that

10.1.2 Samy

ling period

10.1.2.1 Select a sampling period long enough to ensure that the amount of lead collected is adequate to enable
lead-in-air concentrations to be determined at the required level (see 9.3).

10.1.2.2

lower limit of the analytical working range of the method [7].

In calculating the minimum sampling time required it is necessary to consider the selected flowrate and the

10.1.2.3 When high concentrations of airborne particles are anticipated, select a sampling period that is not so long
as to risk overloading the filter with particulate matter.

NOTE

necessary to collect consecutive samples [8].

12

If filter overloading is an observed or suspected problem and it is desired to sample for the entire working day, it might be
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10.1.3 Temperature and pressure effects

10.1.3.1 Expression of results

Consider whether it is necessary to recalculate the concentration of lead in air to reference conditions (such as in
high altitude situations). If so, measure and record the atmospheric temperature and pressure at the start and at the
end of the sampling period (see 10.4.1 and 10.4.2) and use the equation given in clause B.2 to apply the necessary
correction.

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

workplace dpring-the-samplngperiod:

10.1.3.2 Hffect of temperature and pressure on flowrate measurements

Refer to th
dependent
and pressu
making a

necessary,

b manufacturer's instructions to determine if the indicated volumetric flowratéJof the flow
upon temperature and pressure. Consider whether the difference between\the atmospheri

meter (8.4) is
C temperature

re at the time of calibration of the flowmeter and during sampling is likely’to be great engugh to justify

forrection to take this into account, e.g. if the error could be greatér than 45 %. If a
measure and record the atmospheric temperature and pressure at Which the calibration of

was checked (see 8.4) and measure and record the atmospheric temperature and pressure at the st

end of the

NOTE An ¢
constant pre

10.2 Pre

10.2.1 Cleg

Unless disf
detergent s
Alternativel

10.2.2 Lo

Load clean

tampling period (see 10.4.1 and 10.4.2).

example of temperature and pressure correction for the indicated volumetric flowrate is given in g
ssure drop, variable area, flowmeter.

baration of sampling equipment

aning of samplers

correction is
the flowmeter
art and at the

lause B.1 for a

osable filter cassettes are used, clean the samplers (8.1) before use. Disassemble the sanmplers, soak in

olution, rinse thoroughly withwater, wipe with absorbent tissue and allow to dry befor
y, use a laboratory washing:machine.

hding the samplers\with filters

samplers (seé 10.2.1) with filters (8.2), label each sampler so that it can be uniquely iden

with its protective cover'or plug to prevent contamination.

Alternativel

y, commercially available pre-loaded filter cassettes may be used.

b reassembly.

ified and seal

10.2.3 Setting the volumetric flowrate

Perform the following in a clean area, where the concentration of lead is low:

Connect each loaded sampler (see 10.2.2) to a sampling pump (8.3) using flexible tubing (8.5.1), ensuring that no
leaks can occur. Remove the protective cover or plug from each sampler, switch on the sampling pump, attach the
flowmeter (8.4) to the sampler so that it measures the flow through the sampler inlet orifice(s), and set the required
volumetric flowrate (see 10.1.1.2). Switch off the sampling pump and seal the sampler with its protective cover or
plug to prevent contamination during transport to the sampling position.

If necessary, allow the sampling pump operating conditions to stabilize before setting the volumetric flowrate.
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10.2.4 Blanks

Retain as blanks one unused loaded sampler from each batch of ten prepared, subject to a minimum of three. Treat
these in the same manner as those used for sampling in respect of storage and transport to and from the sampling
position, but draw no air through the filters.

10.3 Sampling position

10.3.1 Personal sampling

Position the s mpler in the worker's breathing zone, as close 10 the mouth and nose as IS reasonably prac

fastened to

inconveniencf e.g. to a belt (8.5.2) around the waist, or place it in a convenient pocket.

10.3.2 Statiq

10.3.2.1 If st
is not possibls
personal sam
take the samy

10.3.2.2 If s
sampling pos
lead from emi

10.4 Colled

10.4.1 Wher
sampling pun
fitted with an
temperature &
and record th

NOTE
10.2.3), the vol

10.4.2 At the
period. Check
be invalid if th
Measure the
measured val
sampling peri

If the t¢mperature or pressure at the.sampling position is different from that where the volumetric flowrate

e worker's lapel. Attach the sampling pump to the worker in a manner that cause

(area) sampling

atic sampling is carried out to assess the exposure of a worker in a situation where person
e (e.g. due to the need to sample at a volumetric flowrate higher than the design flowrate
plers), position the sampler in the immediate vicinity of the worker and at breathing height.
ling position to be the point where the risk of exposure is consjdeted to be greatest.

atic sampling is carried out to characterize the background level of lead in the workplag
tion that is sufficiently remote from the work processes, such that results will not be directly
5sion sources.

tion of samples

ready to begin sampling, remove the proetective cover or plug from the sampler and sw
p. Record the time and volumetric flowrate at the start of the sampling period. If the sampl
ntegral timer, check that this is resef-to zero. If appropriate (see 10.1.1.2), measure the a

icable, e.g.
5 minimum

»]

hl sampling
bf available
If in doubt,

e, select a
affected by

itch on the
ng pump is
tmospheric

nd pressure at the start of the sampling period using the thermometer (8.5.6) and barometer (8.5.5),

P measured values

imetric flowrate could change and it might need to be re-adjusted before sampling.

end of the sampling period (see 10.1.2), record the time and calculate the duration of th
the malfunctionvindicator and/or the reading on the integral timer, if fitted, and consider the
ere is evidénce that the sampling pump was not operating properly throughout the samp
volumetric flowrate at the end of the sampling period using the flowmeter (8.4), and
e. If appropriate (see 10.1.3), measure the atmospheric temperature and pressure at the
bd using the thermometer (8.5.6) and barometer (8.5.5), and record the measured values.

jvas set (see

e sampling
e sample to
ing period.
record the
end of the

10.4.3 Carefully record the sample identity and all relevant sampling data (see clause 14). Calculate the mean
volumetric flowrate by averaging the volumetric flowrates at the start and at the end of the sampling period and, if
appropriate (see 10.1.3), calculate the mean atmospheric temperature and pressure. Calculate the volume of air
sampled, in litres, at atmospheric temperature and pressure, by multiplying the mean flowrate in litres per minute by
the duration of the sampling period in minutes.

10.5 Transportation

10.5.1 For samplers which collect airborne particles on the filter (see NOTE 2 in 8.1), remove the filter from each
sampler, place in a labelled filter transport cassette (8.5.4) and close with a lid. Take particular care to prevent the
collected sample from becoming dislodged from heavily loaded filters. Alternatively, transport samples to the
laboratory in the samplers in which they were collected.
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10.5.2 For samplers which have an internal filter cassette (see NOTE 2 in 8.1), remove the filter cassette from each
sampler and fasten with its lid or transport clip.

10.5.3 For samplers of the disposable cassette type, transport samples to the laboratory in the samplers in which
they were collected.

10.5.4 Transport the samples (10.5.1 to 10.5.3) to the laboratory in a container that has been designed to prevent
damage to the samples in transit and which has been labelled to assure proper handling.

10.5.5 Follow sampling chain of custody procedures to ensure sample traceability. Ensure that the documentation
which accompanies the samples is suitable for a “chain of custody” to be established (see, for example,
ASTM D4840-88)

11 Analysis

11.1 Cleg@ning of glassware and plasticware

11.1.1 Pefform all of the following while wearing gloves.

11.1.2 Be
or chemical

ore use, clean all glassware, microwave digestion vessels, and plasticware to remove any rg
s by first soaking in laboratory detergent solution and then rinsing thoroughly with water (7

sidual grease
1).

11.1.3 Aft
either by sq

br initial cleaning with detergent and water, clean all beakers with nitric acid. This can be
aking for a minimum of 24 h in concentrated nitric acid(7.2), or by the following procedure.

one-third capacity with concentrated nitric acid (7.2), and then h€at'them on a hot plate with a surface t

pccomplished
Fill beakers to
bmperature of

140 °C in g fume hood until most of the liquid has evaporated,\and allow to cool. Rinse beakers thoroughly with water
(7.1).

11.1.4 CGlassware that has been previously subjected to the entire cleaning procedure described in the previous
steps, and which has been reserved for the analysis-of lead, can be cleaned adequately by rinsing with 1 4 9 nitric
acid (7.4) gnd then with water (7.1).

11.1.5 Bejore use, clean polypropylene.bottles, microwave digestion vessels and other plasticware by|[soaking them
in 1 + 9 nitric acid (7.4) for at least 24 fhand then rinse thoroughly with water (7.1).

NOTE Plagticware (possibly disposable) can be received in clean condition directly from the vendor, thereby precjuding the need
for cleaning prior to use.

11.2 Preparation of‘'sample and blank solutions

11.2.1 General

Perform alllofithe. ntIn\A/ing prppnrarian while \A/pnring gln\/pq

11.2.2 Selection of sample dissolution method

Prepare samples and blanks for analysis using one of the three sample preparation methods described below: either

hot-plate di

11.2.3 Ho

gestion, microwave digestion or ultrasonic extraction.

t-plate digestion method

11.2.3.1 Open the samplers, sampler filter cassettes or transport filter cassettes (see 10.5), and transfer each filter
sample or blank into a clean, labelled 50 ml beaker (8.6.1.1) using flat-tipped forceps (8.5.3). If the sampler used was
of a type in which airborne particles deposited on the internal surfaces of the sampler form part of the sample, wash
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any particulate matter adhering to the internal surfaces into the beaker using a minimum volume of 1 + 9 nitric acid
(7.4).

11.2.3.2 To each beaker, add 3 ml of concentrated nitric acid (7.2) and 1 ml of hydrogen peroxide (7.9), and cover
with a watch-glass.

11.2.3.3 Heat on a hot plate (8.6.4) with a surface temperature of approximately 140 °C in a fume hood, and allow
the solution to evaporate until the final solution volume is reduced to approximately 1 ml. Avoid taking to dryness.
Remove beakers from the hot plate and allow to cool.

NOTE The exact hot-plate temperature is not critical. A temperature of 140 °C is used because it is high enough to enable the
liquid to be evaporated at an acceptable rate. This temperature is also useful for minimizing the risk of taking samples to dryness.

The use of hy
believed to co
the same time
are made of

11.2.3.4 Can
guantitatively
filtration or ce
mix thoroughl

11.2.4 Micrd

11.2.4.1 Ops
into the clean
same proced
internal surfa
surfaces into

11.2.4.2 Car
containing thq

The use of hy|
is believed to
hydrofluoric a

11.2.4.3 Lodg
containing sa

Even, symme

11.2.4.4 Pro
temperature f

ntain a significant amount of silicate material, its dissolution can be facilitated by adding 1
as the nitric acid. However, it will be necessary to use heatable beakers and beaker cove
lastic that is resistant to corrosion by HF, e.g. a fluorocarbon polymer such as PTFE.

efully rinse each watch-glass and the sides of each beaker with water; ‘and transfer ea

to a 10 ml one-mark volumetric flask (8.6.1.4). If necessary, remove, any undissolved pal
htrifugation. Dilute to the mark of the volumetric flask with water (7.1)xseal the flask with a S|

Y.

wave digestion method
N the samplers, sampler filter cassettes or transport filter cassettes (see 10.5), and transfe)
liner of a labelled microwave digestion vessel (8:6;5.2) using flat-tipped forceps (8.5.3).
ire for blank filters. If the sampler used was of. @ type in which airborne particles depos

he vessel liner using a minimum volume of-water (7.1).

efully add 5 ml of concentrated nitric. acid (7.2) to the inside of liner of the microwave diges
filter sample or blank. Seal the vessels.

drofluoric acid (7.5) is required-fo dissolve lead silicates. If the material present in the test
contain a significant amount of silicate material, its dissolution can be facilitated by add
Cid at the same time as _the-hitric acid.

mples shall be evenly and symmetrically placed in the microwave oven.

frical spacing-of vessels is needed to ensure uniform microwave heating of all vessel soluti

pr.I5.min.

drofluoric acid (HF) (7.5) is required to dissolve silicate lead. If the material in the test atnLosphere is

ml of HF at
I's, etc. that

ch solution
rticulate by
topper, and

Ir each filter
Follow the
ited on the

ces of the sampler form part of the sample;,Wwash any particulate matter adhering to the internal

tion vessel

\tmosphere
ing 1 ml of

d the vessels into“\the microwave oven (8.6.5.1) according to manufacturer's instructiops. Vessels

pns.

jram sthe microwave digestion system to reach 180 °C in less than 10 min, and then Hold at this

NOTE

If hydrofluoric acid is used to dissolve the samples and the temperature sensor is not resistant to attack by this acid, the

vessel in which the temperature sensor is fitted should contain a filter blank in which an equal volume of nitric acid is substituted
for the hydrofluoric acid used for dissolution of the samples.

11.2.4.5 At the end of the digestion period, remove the vessels from the microwave oven, place them in a fume
hood, and allow the solutions to cool to room temperature.

11.2.4.6 For closed vessels, carefully detach the vent tubing, and carefully shake the vessels to vent any excess
gas pressure that may be present inside the vessels. Carefully open each sample vessel.

11.2.4.7 Quantitatively transfer the contents of each vessel to 10 ml-one-mark volumetric flasks (8.6.1.4). Carefully
rinse each vessel with water, and dilute to volume with water (7.1). If necessary, remove any undissolved particles by
filtration or centrifugation. Seal each flask with a stopper and mix thoroughly.

16
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11.2.5 Ultrasonic extraction method

11.2.5.1 The following method is not applicable to samples containing silicates. In such a case, use the method
employing hydrofluoric acid described in annex D of ISO 15202-2:2001.

11.2.5.2 Open the samplers, sampler filter cassettes or transport filter cassettes (see 10.5), and transfer each filter
sample or blank into a clean 50 ml centrifuge tube (8.6.7) using flat-tipped forceps (8.5.3). Label each centrifuge tube
with a unique identifier. If the sampler used was of a type in which airborne particles deposited on the internal
surfaces of the sampler form part of the sample, wash any particulate matter adhering to the internal surfaces into
the centrifuge tube using a minimum volume of water (7.1). Using a clean glass or plastic rod, push the filter to the
bottom of the centrifuge tube.

11.2.5.3 Introduce 10 ml of 1 + 9 nitric acid (7.4) into each centrifuge tube containing a filter sample| or blank, and

cap each tybe.

11.2.5.4 H bvel within the

bath is at o

lace each centrifuge tube upright in an ultrasonic bath (8.6.6), and ensure that the, water ¢
I above the level of liquid within the tube.

NOTE Dep
rack for the

bnding on the size of the ultrasonic bath, many centrifuge tubes may be immersed in the bath at oneftime. A custom
entrifuge tubes can be purchased or constructed to allow for the regular and. 6rderly placement of multiple tubes in

the sonicato
11.255 A

11.2.5.6 H
temperatur

11.3

11.3.1 Se

The 283,3

NOTE The
and the sign
essential at
spectral intg

measurements made at 283,3 nm generally have a better signal-to-noise ratio than those made at 217,0 nm, and

detection lin

11.3.2 FIg

11.3.2.1 |

Insfrumental analysis

bath.
pply ultrasonic energy to the acid-immersed filter samples for a-minimum of 30 min.

emove centrifuge tubes from the bath. Keep tubes insupright position, and allow to

a)

ection of analytical line

m lead analytical line shall be usedfermaking absorbance measurements.

most sensitive lead line is at 217,0.nm. However, this line is subject to possible spectral interference
ificant spectral background at 217;0 nm makes correction for non-specific attenuation (see 5.1.5 of |
his wavelength. The 283,3 nm\ine exhibits somewhat lower sensitivity than the 217,0 nm line, but it i
rference. In addition, while“the detection limits obtained are dependent upon the instrument usq

it.

me atomic.absorption spectrometry

hstrument set-up

cool to room

from antimony,
SO 6955:1982)
5 not subject to
d, absorbance
hence a better

Set up the

atemic ahsarption spectrometer (8 6 8) to make ahsorhance measurements at 283 3 nm

following the

manufacturer's instructions for specific instrument operating parameters. Use a lead hollow cathode lamp or
electrodeless discharge lamp and an oxidising air-acetylene flame. Allow an appropriate warm-up period for the
source lamp.

11.3.2.2 Preparation of calibration solutions
11.3.2.2.1 Use 1 4 9 nitric acid (7.4) as the solvent blank (see 5.4.2 of ISO 6955:1982).

11.3.2.2.2 Prepare at least four calibration solutions, including a blank calibration solution, to cover a suitable
concentration range, e.g. from 0 pg/ml to 20 pg/ml of lead. Accurately pipette appropriate volumes of stock lead
standard solution (7.7) into separate, labelled 100 ml one-mark volumetric flasks (8.6.1.4). Dilute to the mark with
1 4 1 nitric acid (7.3) for test solutions prepared by the microwave digestion method, or with 1 4 9 nitric acid (7.4) for

© 1S0 2001 — All rights reserved 17


https://standardsiso.com/api/?name=d5d0bd19d1acc27acd714cad63e78c1d

ISO 8518:2001(E)

test solutions prepared by the hot plate or ultrasonic sample digestion methods. Stopper and mix thoroughly. Prepare
these calibration solutions fresh daily.

NOTE The concentration range of calibration solutions is given as a guide. The upper limit of the working range is dependent
upon which wavelength is used, and it is also governed by instrumental factors that affect sensitivity and the linearity of the
calibration. Accordingly, the range of the set of calibration solutions may be varied, but when making any changes, ensure that the

response of the spectrometer over the alternative range of concentrations selected is such that it is linear.

11.3.2.3 Calibration measurements
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hlibration solutions into the flame, and make absorbance measurements for each solution:

.

tosampler is recommended, since precision is maximized and the volume of solution cq

nalyse all blank solutions, and calculate the mean concentration of the blank solutions.

bration function

ts controlled by a microprocessor or personal computeruse a suitable algorithm to ge
ction. For instruments without this capability, prepare a calibration graph by plotting the abg
solutions versus the concentration of lead (ug/ml) in-the respective solutions.

s best to work within the linear range of the calibration, where absorbance is proportional
in solution.

ermination

Hjust the spectrometer zero while aspirating the solvent blank (see 11.3.2.2.1) into the flal

plank test solutions into~the flame and make absorbance measurements for each s¢
ontrolled by a micreprocessor or personal computer, use the calibration function to cg

ithout this capahility, determine the concentration of lead in the test solutions from the

ame. Then

nsumed is

enerate the
orbance of

to the lead

e. (Repeat
spirate the
lution. For
Iculate the

of lead in the test“solutions, and obtain a direct read-out of the results in concentratiof units. For

calibration

Epirate a-mid-range calibration solution after each five to ten test solutions and make an

for the sensiti

reanalyse the test solutions that were analysed during the period in which the sensitivity change occurred.

11.3.2.5.3

If high concentrations of lead are found, dilute the sample test solutions to bring the concentration within

the calibration range. Make all dilutions so that the final nitric acid concentration is 1 + 9, and record the dilution

factor DF'.

11.3.2.5.4 Calculate the mean lead concentration of the blank test solution.

11.3.2.5.5 If the concentration of lead in the sample test solutions is less than 0,5 pg/ml, consider repeating the

analysis using electrothermal atomic absorption spectrometry,

since this technique gives mo

measurements at low concentrations.

18
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11.3.3 Electrothermal atomic absorption spectrometry

11.3.3.1 General

Lead is present ubiquitously in the environment, and therefore it is imperative that strict standards of cleanliness are
observed to avoid contamination of labware. This is particularly important when carrying out electrothermal atomic
absorption spectrometry since the technique exhibits a very low detection limit. Ensure that all glassware is cleaned
thoroughly before use, and autosampler cups are stored in 1 -+ 9 nitric acid until required.

11.3.3.2 Preparation of working calibration solutions

11.3.3.2.1

of working
1 + 1 nitric
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blank test §
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Prepare a working calibration solution at a concentration of 2,5 ng/ml of lead. Accurately,
lead standard solution (7.8) into a 100 ml one-mark volumetric flask (8.6.1.4). Dilute to
acid (7.3) for test solutions prepared by the microwave digestion method, or with 1 -+ 9Titri

h fresh weekly.

Prepare a working calibration blank solution following the procedure/in.the preceding p
250 pl of working lead standard solution. Prepare this solution fresh weekly.

For instruments controlled by a microprocessor or personal<computer, use a suitable
e calibration function. For instruments without this capability~prepare a calibration graph
 of the calibration solutions versus the concentration of lead, inh micrograms per millilitre, in

it is best to work in the linear range of the calibration, where absorbance is propo
bn of lead in solution.

alibration and determination

Set up the atomic absorption spectrometer (8.6.8) and the electrothermal atomiser (8.6.
vavelength of 283,3 nm, using background correction to correct for non-specific attenu
1.5 of ISO 6955:1982). Follow the manufacturer's instructions for specific operating param
rm-up period for the hollow eathode lamp or equivalent source.

operating parameters for-electrothermal atomic absorption vary considerably between different inst
Program the autesampler to prepare matrix-modified calibration solutions, sample test
olutions in sifu-on a pyrolytic graphite platform mounted in the pyrolytically coated graph

lead using.the working calibration solution (11.3.3.2.1), the working calibration blank solutio
modifier(7.6). Also prepare matrix-modified sample and blank test solutions using the unmg

and blank 9

an autosampler or manually by means of one-mark volumetric flasks.

olutions and matrix-modifier solution. Matrix-modified calibration and test solutions shall b

pipette 250 pl
he mark with
C acid (7.4) for

ns prepared by the hot-plate or ultrasonic sample digestion methods. Stopper and ‘mix thorolighly. Prepare
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algorithm to
by plotting the
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D) to measure
ation (see for
eters. Allow a

ruments, much

solutions and
te tube of the
ge 0 ng/ml to
n (11.3.3.2.2),
dified sample
b prepared by

NOTE The procedure described above may be varied to accommodate the use of electrothermal atomizers of alternative design.

11.3.3.3.3 Set up the analytical sequence in the microprocessor or personal computer interfaced to the
electrothermal atomic absorption spectrometric instrument. Specify an appropriate number of replicate analyses for
each solution, and insert a calibration blank solution and a mid-range calibration solution after each five to ten test
solutions in order to monitor for baseline drift and sensitivity change, respectively.

11.3.3.3.4 Place the working calibration solution (11.3.3.2.1), the working calibration blank solution (11.3.3.2.2), the
matrix modifier (7.6), and the unmodified sample and blank solutions in separate acid-washed autosampler cups and
position as appropriate in the autosampler carousel. Analyse the matrix-modified calibration and test solutions, using
the microprocessor or personal computer software to generate a calibration. Obtain a direct readout of sample and
blank results in nanograms of lead per millilitre.

© 1S0 2001 — All rights reserved 19


https://standardsiso.com/api/?name=d5d0bd19d1acc27acd714cad63e78c1d

ISO 8518:2001(E)

11.3.3.3.5 If significant baseline drift is observed during the course of analysis, or if the sensitivity changes by more
than £ 5 %, take one or more of the following corrective measures: either use the available software facilities of the
microprocessor or personal computer to correct for sensitivity change (“reslope” facility); or suspend analysis and
recalibrate the spectrometer. In either case, reanalyse the solutions that were analysed during the period in which the
sensitivity change occurred.

11.3.3.3.6 If concentrations of lead above the upper limit of the linear calibration range are found, dilute the sample
test solutions in order to bring them within the range of the calibration, and repeat the analysis. Make all dilutions so
that the final nitric acid concentration is 1 + 1 or 1+ 9, as appropriate, and record the dilution factor (DF).
Alternatively, analyse a smaller aliquot of sample, and make a correction for the amount of sample that is analysed.

11.3.3.3.7 Catcutatethemearmrconcentrationmofteadimthebtarktestsotutions:

11.4 Estimption of the instrumental detection limit

11.4.1 Estimate the instrumental detection limit under the working analytical conditions-following the procedure
described belpw, and repeat this exercise whenever the experimental conditions are changed.

11.4.2 Prep4re test solutions at a concentration of 0,1 pg/ml of lead for flame atomic absorption analysi$ or 1 ng/ml
for electrothefmal atomic absorption analysis by diluting the working lead <tandard solution (7.8). Make these
dilutions so that the final nitric acid concentration is 1 4 9.

11.4.3 Make| at least 20 absorbance measurements on the test solution and calculate the instrumental detection
limit as three| times the sample standard deviation of the mean concentration value (see for exampgle 6.2.3 of
ISO 6955:1942).

NOTE The limit of detection calculated from results using this prtécedure is an instrumental detection limit. This|is of use in
identifying chanjges in instrument performance, but it is not a method detection limit [7]. The instrumental detection lifit is likely to
be unrealistically low because it only takes into account the variability between individual instrumental readings; determinations
made on one splution do not take into consideration contributions to variability from the matrix or sample.

11.5 Estimption of the method detection limit

11.5.1 Estimate the method detection’ limit under the working analytical conditions following the| procedure
described in [11.5.2 through 11.5,3} and repeat this exercise whenever the experimental conditions afe changed
significantly.

11.5.2 Fortify at least ten filters (8.2) with lead near the anticipated detection limit, e.g. 1 pg of lead for flame atomic
absorption analysis or 0,01 ug of lead for electrothermal atomic absorption analysis, by spiking the filter|with 0,1 ml
of a suitable dalibration.solution (7.8) diluted by an appropriate factor with 1 4- 9 nitric acid (7.4).

11.5.3 Make|atemic absorption measurements on the test solutions derived from each spiked filter (11.5.2) (after
carrying out digestiormof thefiftters),and—calcutate themethoddetectionm timit asthreetimesthe—sample standard
deviation of the mean concentration value.

NOTE An alternative procedure for estimating the method detection limit involves the analysis of filter samples fortified with the
analyte of interest at values spanning the predicted detection limit [7].

11.6 Quality control

11.6.1 General

Quiality control (QC) samples to process with each batch of field samples are summarized below.
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11.6.2 Reagent blanks and media blanks

Carry reagent blanks (water and reagents) and media blanks (unspiked filters) throughout the entire sample
preparation and analytical process to determine whether the samples are being contaminated from laboratory
activities. Process reagent blanks according to a frequency of at least one per 20 samples or a minimum of one per

batch.

11.6.3 Spiked samples and spiked duplicate samples

11.6.3.1 Process these samples on a routine basis to estimate the method accuracy on the sample batch,

expressed S a percent recovery relative ta the true anil(eri value anil(ed Qamlnlec and anil(nri rillpl cate samples
consist of filters to which known amounts of analyte were added. (This can be accomplished by gpiking known
volumes oflknown concentrations of lead solution at amounts within the dynamic range of the instrunjent. The lead
solution usgd shall be prepared from a stock standard solution from a different source than thiat-used for preparing
the calibratjon solutions.) Process these QC samples at a frequency of at least 1 per 20 samples or minimum of one
per batch.
11.6.3.2 Monitor the performance of the method by plotting control charts of the relative percent recgveries and of
the relative|percent differences between the spiked samples and the spiked duplicate samples. If QC results indicate
that the method is out of control, investigate the reasons for this, take corrective action and reanalyse the samples if
necessary.|See [9] for general guidance on the use of quality control charts;
11.6.4 Certified reference materials
Certified reference materials (CRMs) for lead shall be analysed\prior to routine use of the method, and periodically
thereafter, fo establish that the percent recovery relative to:the certified value is satisfactory. Suitalple CRMs are
available from many sources. A minimum of one CRM sample shall be analysed at least six times quayterly.
11.6.5 External quality assessment
If laborator|es carry out lead in air analysis on-a regular basis, it is strongly recommended that they participate in a
relevant exfernal quality assessment scheme or proficiency testing scheme.
12 Expression of results
12.1 Calgulation
Calculate the mass.\concentration of lead in the air sample, p[Pb], in milligrams per cubic metrg, at ambient
conditions, [using:the equation:
(Pt VD F—piPbl5)
Vi — V5
p[Pb] =
v

where

p [Pb], is the mean lead concentration, in micrograms per millilitre, in the blank test solutions;

p [Pb], is the lead concentration, in micrograms per millilitre, in the sample test solution;

\%4 is the volume, in litres, of the air sample;

Vo is the volume, in millilitres, of the blank test solution;
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Vi
DF

is the volume, in millilitres, of the sample test solution; and

is the dilution factor (DF' = 1 in the absence of dilution).

12.2 Method performance

12.2.1 Sample collection

A collection efficiency of 1,00 was determined for the filter collection step for laboratory-generated lead nitrate
aerosols and for lead fume [10].

12.2.2 Hot-p

12.2.2.1 Thdg
However, the
measurement
3,6 ug to 288
dilution.
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procedure wa|
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of paint, soil g

NOTE If the s
of particulate Ig

late digestion and flame atomic absorption spectrometry

detection limit of flame atomic absorption measurements depends in part omthe instru
detection limit of the method has been estimated to be 0,25 pg per sample; ‘and the prec
procedure was < 0,1 for samples in the range 0,9 pg to 2,25 pg and < 0;03-for samples i
1o [4]. No bias has been identified. The applicable range is 1 pg to 200-1g Pb per sam

psts using laboratory-generated lead nitrate aerosols [10], the<coefficient of variation fq
5 found to be 0,072 for the overall sampling and analytical method in the range 130 pg to 40(
e method was found to be insignificant. Also, data from interlaboratory proficiency testing f
nd dust [11] and [12] have indicated insignificant bias.

hmple dissolution procedure using concentrated nitric acid and hydrogen peroxide is ineffective for th
ad compounds present in the test atmosphere (e.g. lead silicates), and an alternative, more vigorou

ment used.
sion of the
N the range
ble, without

r a similar
ug Pb/m3,
or samples

e dissolution
5 dissolution

procedure has pot been used (e.g. employing hydrofluoric acid), ther’the analytical results will be subject to a negatie bias. If it is
desired to detdgrmine lead in samples containing high concentrations of silicates, consider the use of hydrofluori¢ acid in the
digestion procefdure.

12.2.3 Micrgwave digestion and flame atomic_absorption spectrometry

Interlaboratory evaluations of lead determinations in reference materials (paint, soil and dust) have shown that
microwave digestion with concentrated¢nitric acid performs equivalently to hot-plate digestion when folloyed by lead
analysis using flame atomic absorption Spectrometry [12].

12.2.4 Ultrasonic extractiomand flame atomic absorption spectrometry

Ultrasonic extraction with™ electrochemical determination of lead has been shown to perform equjvalently to
microwave digestion_and flame atomic absorption spectrometry in the determination of lead from [laboratory-

generated led

d fume~atmospheres [2].

12.2.5 Hot-plate digestion and electrothermal atomic absorption spectrometry

The detection limit of electrothermal atomic absorption measurements depends in part on the instrument used.
However, the detection limit of the method has been estimated to be 0,003 pg per sample, and the precision of the
measurement procedure was < 0,05 for samples in the range 0,1 pg to 4,5 ug. No bias has been identified. The
applicable range is 0,01 pg to 0,5 pg Pb per sample [4], without dilution.

12.2.6 Microwave digestion and electrothermal atomic absorption spectrometry

Interlaboratory analysis of lead in reference materials has demonstrated the equivalence of microwave digestion
followed by electrothermal atomic absorption spectrometry to hot-plate digestion followed by electrothermal atomic
absorption spectrometric determination of lead [12].
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rasonic extraction and electrothermal atomic absorption spectrometry

Ultrasonic extraction with electrochemical detection of lead was evaluated against hot-plate extraction and
electrothermal atomic absorption spectrometry for air samples collected from construction sites [13]. The test
procedure using ultrasonic extraction was found to be equivalent to that using hot-plate digestion.

13 Special cases

13.1

If there is any doubt as to the suitability of the digestion or extraction procedure used for the dissolution of

particulate lead compounds (e.qg. silicates) that may be present in the test atmosphere, determine its effectiveness by

analysing a

bulk sample of known lead content that is similar in nature to the material being used or pr:

oduced. If the

efficiency ¢
hydrofluorig

It should b
sample.
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standard adldition should be used to obtain accurate results (see 6,1:3 of ISO 6955:1982).
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described i
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[14,15]).
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have becoine dislodged from the filter during transportation. If this appears to have occurred, consid

f recovery is less than 90 %, use an alternative, more vigorous dissolution procedurg,
acid. Do not use a correction factor to compensate for an apparently ineffective dissplutio

b recognized that the recovery of lead can be dependent upon the particle size)distribu
ns that give rise to precipitates can interfere with lead analysis. If such interferents are likely

5olutions, add the disodium salt of ethylenediamine tetraacetic acid\(EDTA) to the sam
nd to the calibration standard solutions, such that these solutionsfhave a concentration

h of EDTA usually prevents precipitation, but high levels of phasphate can diminish the lead
ce of EDTA. If high levels of phosphate are suspectedin' the sample solutions, then t
s been postulated [14] and [15] that gaseous lead\can be present in significant concentrat
h this International Standard might not be fully effective because gaseous lead could pas
essary, this possibility can be investigated-dsing a sampling train consisting of a filter and
n the filter transport cassettes or samplers are opened, it is advisable to look for evidence

sample as invalid, or whethernto wash the internal surfaces of the filter transport cassette o
dissolution vessel in ordér to recover the material concerned.

report

port shall cantain the following information:

complefe identification of the air sample, including the date of sampling, the place of sampling, the t
(persorjalor static), either the identity of the individual whose breathing zone was sampled (or @

nt to indicate the confidentiality of the information supplied, if appropriate;

'Le.g. by using

procedure.
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signal even in
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nments, e.g. when high temperature processesjare used. In such circumstances, the sampling method

s through the
bubbler (see
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ype of sample
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identifier) or the location at which the general occupational environment was sampled (for a static sample), a brief
description of the work activities that were carried out during the sampling period, and a unique sample
identification code;

reference to this International Standard;
make, type and diameter of filter used;
make and type of sampler used;

make and type of sampling pump used, and its identification;

make and type of flowmeter used, the primary standard against which the calibration of the flowmeter was

checked, the range of flowrates over which the calibration of the flowmeter was checked, and the atmospheric
temperature and pressure at which the calibration of the flowmeter was checked, if appropriate (see 10.1.3);

discard the
the sample
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The test re
a) statem
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c)
d)
e)
f)
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time at the start and at the end of the sampling period, and the duration of the sampling period, in minutes;
mean flowrate during the sampling period, in litres per minute;

mean atmospheric temperature and pressure during the sampling period, if appropriate (see 10.1.3);
volume of air sampled, in litres, at ambient conditions;

name of the person who collected the sample;

time-weighted average mass concentration of lead found in the air sample (in mg/m?), at ambient temperature
and pressure, or, if appropriate, adjusted to reference conditions;

analytical variables used to calculate the result, including the concentrations of lead in the sample and blank
solutions, the volumes of the sample and blank solutions, and the dilution factor, if applicable;

NOTE If the necessary data (e.g. the volume of air sampled) are not available to the laboratory for the above, calculations to
be carried put, the laboratory report may contain the analytical result in micrograms of lead per sample.

type(s) of|instrument(s) used for sample preparation and analysis, and unique identifiers(s);
estimated|detection limit under the working analytical conditions;

any opergtion not specified in this International Standard, or regarded as optional;

name of the analyst(s) [or other unique identifier(s)];

date of the¢ analysis; and

any inadvertent deviations, unusual occurrences, or other notable obsérvations.
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