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INTERNATIONAL STANDARD

1ISO 8518:1990(E)

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

1 Scope

This Inteynational Standard specifies a flame atomic
absorptipn spectrometric method for the determi-
nation of the time-weighted average mass concen-
tration df particulate lead and lead compounds in
workplade air.

masses pf approximately 10 pg to 200 pg of lead per
sample dising the normal procedure without dilution.
The congentration range for lead in air for which this
procedufe is applicable is determined in pait by the
sampling procedure selected by the user (see 7.1).

The metFod is applicable to the determination of

The method is applicable to personal and fixéd lo-
cation sgmpling.

The noripal sample dissolution procedure (8.2.2) is
not effective for all lead compoundss{see clause 4).
The use [of an alternative more vigorous dissolution
procedufe is necessary whensJead compounds
which afe insoluble in normall sample dissolution
procedufes are present in.the test atmosphere (see
10.1).

Anions Which give a,precipitate with lead interfere,
but this |nterference'is overcome by the addition of
the disddium_salt” of ethylenediamine tetraacetic
acid (EDTA)awhéen necessary (see 10.2).

ISO 648:1977, Laboratory’ glasswarsé
pipettes.

ISO 1042:1983, L aboratory glasswar
volumetric flasks.

ISO 35851976, Glass plant, pipeline
Propetties of borosilicate glass 3.3.

1IS® 3696:1987, Water for analylical I
Specification and test methods.

1ISO 6955:1982, Analytical speclrosco
Flame emission, atomic absorption,
orescence — Vocabulary.

ISO/TR 7708:1983, Air quality — Parti
definitions for health-related samplin

ISO 8655-1:—", Piston and/or plt
volumetric apparatus (POVA) — Part

ISO 8655-2:-—"  Piston and/or plt
volumetric apparatus (POVA) — Pa
considerations.

ISO 8655-3:—", Piston and/or pld
volumetric apparatus (POVA) — Par
test.

b p—

One-mark

e — One-mark

and fittings —

boratory use —

pic methods —
and atomic flu-

cle size fraction
.

nger operated
1: Definitions.

nger operated

't 2: Operating

nger operated
3: Methods of

ISO 8655-4.—" Pjston and/or plt

nger operated

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

1) To be published.

volumetric apparatus (POVA) — Part 4. Specifica-

tions.

3 Principle

A known volume of air sample is drawn through a
filter to collect particulate lead and lead compounds.
The filter and collected sample are then wet-ashed
using nitric acid and hydrogen peroxidel']. Sample
solutions are aspirated into the oxidizing air-
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acetylene flame of an atomic absorption
speciromeier equipped with a iead hoiiow cathode
lamp or electrodeless discharge lamp. Absorbance
measurements are made at 283,3 nm, and analytical
results are obtained by the analytical-curve tech-

nique (see 6.1.1 of ISO 6955:1982).

4 Reactions

In general, the overwhelming majority of particulate
lead compounds whlrh are commonly found in

samples of workplace

soluble lead io
dure described
compounds, for

solved. If there ip

s (Pb2+) by the wet ashmg proce-
in 8.2.2. However, certain lead
example lead silicate, are not dis-
any doubt about the effectiveness

of this procedure for the dissolution of particulate

lead compounds

which may be present in the test

atmosphere, theh investigate this before proceeding

with the method

5 Reagents

During the analy
analytical grad¢g
(5.1).

(see 10.1).

5is, use only reagents of recognized
, and only water as specified in

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

The concentratjon of lead shall be less than
0,01 pg/ml.

5.2 Nitric acid| (HNO,), concentrated, psabout
1,42 g/ml, 69 % {m/m) to 71 % (m/m).

The concentration of lead shall beé)-less than
0,01 pg/ml.

5.3 Nitric acid, filuted 1 + 9.

Add 100 m! of |concentpatgd nitric acid (5.2) to

500 mi of water
mix thoroughly.

5.1), dilute’to 1 litre with water and

54 Lead stanc

1000 mg of Pb per litre.

Use these stand
1000 mg/l. Obse

ard solutions at a concentration of
rve the manufacturer’s expiry date

or recommended shelf life.

Alternatively, prepare a lead standard solution by

one of the follow

ing procedures.

a) Dissolve 1,598 g + 0,001 g of lead(ll) nitrate

[Pb(NOy),]. p

reviously dried to constant mass at

110 °C and cooled in a desiccator, in dilute nitric
acid (5.3). Quantitatively transfer the solution to

a 1000 ml o

ne-mark volumetric flask (6.2.1.5).

Dilute to the mark with dilute nitric acid (5.3), and
mix thoroughiy.

b) Dissolve 1,000 g + 0,001 g of lead wire
FQQ q 9% (yn/m\ Dh1 in 200 ml of nitric acid diluted

1+1 prepared by adding 100 m! of concen-
trated nitric acid (5.2) to 100 ml of water (5.1).
Quantitatively transfer the solution into a
1000 ml one-mark volumetric flask (6.2.1.5), di-
lute to the mark with water (5.1), and mix thor-
oughly.

S 5 scgrding to
the instructions in a) and b) may be\\sipred in
polypropylene bottles (6.2.2) for a maximunryperidd of one
year.

5.5 Hydrogen peroxide
30 % (m/m) solution.

(H,03)," approyimately

The concentration of lead shall be legs than

0,01 pg/ml.
5.6 Acetylene, cylinder.

5.7 Air, compressed and filtered.

6 Apparatus
6.1 USampling equipment

6.1.1 Filters, soluble using the wet-ashing| proce-
dure described in 8.2.2 and with a retentiyity not
less than 99 % for 0,3 pm mass median particle
aerodynamic diameters (see subclausel|2.1 of
ISO/TR 7708:1983).

The concentration of lead shall be less than 0,1 ug
per filter.

NOTE 2  Cellulose ester membrane filters of 0[8 ym to
1,2 ym pore size are generally most suitable. (ellulose
(paper) filters may have retentivities below 99 % and
therefore may be unsuitable. Glass fibre filters |will not
dissolve, and are therefore also unsuitable.

6.1.2 Filter holders, suitable for collecting the
inspirable fraction of airborne particles, as defined
er and

other sampling equipment used.
NOTES

3 The filter holder used may be designed so that the
inspirable fraction of airborne particles is collected spe-
cifically on the filter, or it may be designed so that air-
borne particles which pass through the entry orifice or
orifices constitute the inspirable fraction.

4 Filter holders not designed to collect the inspirable
fraction of airborne particles may be used when this is
necessary to comply with legislation, for example to
comply with the requirements of European Council Direc-
tive 82/605/CEE[2].
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6.1.3 Sampling pumps, with an adjustable flow rate,
incorporating a flowmeter and capable of maintain-
ing the selected flow rate (see 7.1.1) to within
+ 5 % of the nominal value throughout the sampling
period (see 7.1.2). For personal sampling the pumps
shall be capable of being worn without impeding
normal work activity.

NOTE 5 A flow-stabilized pump may be required to
maintain the flow rate within the specified limits.

6.1.4 Flowmeter, portable, capabie of measuring

ISO

6.2.1.4 Measuring cylinder, of capacit

6.2.1.5 One-mark volumetric flasks,
between 10 ml and 1000 mi, complyin
quirements of iISO 1042.

8518:1990(E)

y 100 ml.

of capacities
g with the re-

6.2.2 Polypropylene bottles, of capacities between
100 mi and 1 litre.

6.2.3 Piston-operated volumetric apparatus, com-

nlying with the requirements of |

SO 8655-1 to

1 ano ot
IS0-86554—PRipeHers—as—ansaHeraatve to one-mark

the selectpd flow rate (see 7.1.1) to within + 5 %,
and calibfated against a primary standard ie. a
flowmeter|whose accuracy is established according
to nationa| standards.

NOTES

6 The flowmeter incorporated in the pump may be used
provided itlhas adequate sensitivity, but it should be cali-
brated agajnst a primary standard with a loaded filter
holder (7.2.) in line, and read with the flowmeter vertical
if it is of thg supported float type. A flowmeter in the pump
or elsewhefe in the line can be misleading if there are
leaks in thg¢ sampling irain between the filter holder and
the flowmeler.

7 A soap pubble flowmeter may be used as a primary
standard, provided its accuracy is established according
to national gtandards.

8 If apprgpriate, note the ambient temperature and

pressure at which the flowmeter was calibrated (see
7.1.3).

6.1.5 Rubber or plastics tubing, of a diametér suit-
able for epsuring a leak-proof fit to both pump and
filter holdqr.

6.1.6 Barpmeter.

6.1.7 Thefmometer, 0 "C to.50 °C, graduated in di-
visions of I °C or better.

6.2 Analytical or laboratory apparatus.

Ordinary laboratery apparatus, and

6.2.1 Glassware made of borogilicate glasg 33

pipettes for the preparation of calibrd
(see 8.3.2) and dilution of over-ratige

= . . .
8.5.4), and dispensers for dispensing a

and 8.2.3).

6.2.4 Hot plate, thermostatically contn
of maintaining a surface temperatur
mately 140 °C.

NOTE 10  The,efficiency of thermostatin
is sometimes deficient, and the surface te
also vary €ensiderably with position on a
large surface area. It may therefore be u
terizeithe performance of the hot plate be

6.2.5 Atomic absorption spectromef
with a lead hollow cathode lamp or an
discharge lamp and a burner for usg
acetylene flame.

6.2.6 Analytical balance, capable of W
nearest 0,1 mg.

7 Sampling
7.1  Sampling procedure

7.1.1 Collection characteristics and fl

Select a sampling procedure suitable
the inspirable fraction of airborne pa

tion solutions
samples (see
ide (cee 8292

S O G.L.L

plled, capable
e of approxi-

g of hot plates
mperature can
hot plate with a
eful to charac-
ore use.

er, equipped
electrodeless
with an air-

eighing to the

bw rate

for collecting
rticles as de-

fined in ISO/TR 7708. In particular, sel¢ct a flow rate

at which the filter holder (6.1.2) exhibit

5 the required

collection characteristics. A typical

flow rate is

complying with the requirements of ISO 3585.

NOTE 9 ltis preferable to reserve a set of glassware for
analysis of lead by this method, to ensure that problems
do not arise from incomplete removal of heavy metal
contamination by cleaning (8.1.4).

6.2.1.1 Beakers, of capacities between 50 ml and
150 ml.

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

6.2.1.3 One-mark pipettes. complying with the re-
quirements of 1ISO 648.

2T

NOTE 11

A sampling procedure in which the inspirable

fraction of airborne particles is not collected may be used
when this is necessary to comply with legislation, for ex-
ample to comply with the requirements of European

Council Directive 82/605/CEE[2],

7.1.2 Sampling time

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. However, the sampling time shall not
be longer than a representative work period and not
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long enough
particulate mat

NOTE 12

to risk overloading the filter with
ter.

In calculating the minimum sampling time re-

quired it is necessary to consider the selected flow rate

(see 7.1.1) and t

he lower limit of the recommended ana-

lytical working range of the method i.e. 10 ng of lead per

filter (see 9.3.1

). For example, to determine concen-

trations of lead in air with a lower limit for the working
range of 0,03 mg/m3, the minimum sampling time at a flow

rate of 2 I/min is

approximately 3 h.

7.2.1 Clean the filter holders (6.1.2) before use by
soaking them in detergent solution, rinsing them
thoroughly with water, and then drying them.

7.2.2 Load the filters (6.1.1) into clean, dry filter
holders (see 7.2.1). Handle the filters only with clean
flat-tipped forceps, or with clean gloves for larger
filters. Seal each loaded filter holder with a cover
or plug to protect it from lead contamination during
transportation to and from the sampling position.

7.1.3 Temperature and pressure effects

71.31 The in
flowmeter is
pressure. Ther

Hicated flow rate of certain types of
dependent upon temperature and
bfore, refer to the manufacturer’s di-

rections for thg particular flowmeter used, and con-

sider whether

t is necessary to make a correclion

to take into afccount any difference between the
temperature and pressure at the time of calibration
of the flowmetdr and at the time of sampling. Make

such a correcti
error of greate
doing so. If a

bn if it is considered possible that an
- than 5 % will be introduced by not
correction is to be made, note the

temperature and pressure at which the flowmeter

was calibrated
ature and pres

(see 6.1.4) and the ambient temper-
sure at the start and end of the sam-

pling period (s¢e 7.2.3 and 7.3.5).

NOTES

13 In many indtances a correction is unnecessary be-
cause the differgnce between the temperature and prés-
sure at the timq of calibration of the flowmeter and the
temperature and pressure at the time of sampling*is not
great enough for| the correction to be significant;

14 An example
for the indicated
pressure drop, v

713.2 The ti

of a temperature and pressune correction
flow rate is given in 9.7\ for a constant
ariable area flowmetet:

e-weighted average mass concen-

tration of lead [n the air istusually expressed at am-

bient conditions.

reported at re

Howeéver, if results are to be
rencesconditions, nole the ambient

temperature arld pfessure at the start and end of the
sampling periddi{see 7.2.3 and 7.3.5) and use the
correction givermim 8712

7.1.4 General

7.2.3 Connect each sampling pump_(641.3) to a
loaded filter holder (see 7.2.2) using rubber or plas-
tics tubing (6.1.5), and ensuring that no I¢aks can
occur. Remove the protective coyenor plug, turn on
the pump, and set the selected-flow rate (4ee 7.1.1)
with an accuracy of + 5 % using the cpalibrated
flowmeter (6.1.4). Finally _turn off the pump, and re-
seal the filter holder withZls cover or plug.|If appro-
priate, note the ambijent temperature and |pressure
(see 7.1.3).

NOTE 15 If & flow-stabilized pump is not lised (see
note 5), allowsthe pump to operate for 15 min before set-
ting the flow\rate. This enables the pump to wafm up and
the flow rate to stabilize. Then discard the used filter and
load a‘pew one into the filter holder for collgcting the
sample.” Finally, readjust the flow rate to thg selected
vatue, turn off the pump, and reseal the filter hqglder.

7.3 Collection of samples

7.3.1 For personal sampling, fix the filter holder to
the lapel of the worker, as close to the mputh and
nose as practicable. Then attach the sampling pump
to the operator as appropriate, to minimize incon-
venience. For fixed location sampling, select a suit-
able sampling site.

7.3.2 When ready to commence sampling| remove
the cover or plug from the filter holder angl turn on
the pump to begin sample collection. Note[the time
and the initial reading of the flowmeter incqrporated
in the pump.

Take precautions in accordance with the recomm-
endations for dust sampling methods. (These rec-

ommendations

will be published later in an

International Standard.)

7.2 Preparation of sampling equipment

Perform the following in a clean area where lead

contamination

is known to be very low.

7.3.3 The flow rate shall be maintained to within
+ 5 % of the nominal value throughout the sampling
period. Since it is possible for a filter to become
clogged by heavy particulate loading or by the
presence of oil mists or other liquids in the air, ob-
serve the flowmeter incorporated in the pump fre-
quently (a minimum of once per hour) to check for
any drop in flow rate (see note 16). Terminate sam-
pling at the first sign of a problem.

NOTE 16 Regular observation of the flowmeter of a
flow-stabilized pump is not essential, however it is useful
to provide a check that the pump is continuing to function
correctly.
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7.3.4 Consider the samples to be invalid if the flow
rate is not maintained within the limits given in 7.3.3

7.3.5 At the end of the sampling period (see 7.1.2),
measure the flow rate with an accuracy of + 5 %
using the calibrated flowmeter (6.1.4), turn off the
pump, and note the flow rate and the time. If appro-
priate, also note the ambient temperature and pres-
sure (see 7.1.3). Reseal the filter holder with its
cover or plug, and disconnect the filter holder from
the pump.

ISO 8518:1990(E)

8.1.3 After initial cleaning (see 8.1.1), clean all
glassware other than beakers by soaking in dilute
nitric acid (5.3) for several days and then rinsing
thoroughly with water (5.1).

8.1.4 Glassware which has been previously sub-
jected to the entire cleaning procedure described in
8.1.1, 8.1.2 and 8.1.3, and which has been reserved
for the analysis of lead by this method, can be
cleaned adequately by rinsing thoroughly with dilute
nitric acid (5.3) and then with water (5.1).

7.3.6 Catefully record the sample identity and all
relevant gampling data (see clause 11). Calculate
the mean| flow rate during the sampling period by
averaging| the flow rate measurements taken at the
start and pnd of the sampling period. If appropriate,
calculate fthe mean ambient temperature and pres-
sure, (seq 7.1.3). Calculate the volume of air sam-
pled, in litfes, at ambient temperature and pressure,
by multiplying the mean flow rate in litres per minute
by the samppling time in minutes.

7.3.7 For| each balch of ten samples, submit two
filters from the lot of filters used for sample col-
lection. Shbject these filters to exactly the same
handling procedure as the samples, except that no
air should be drawn through them. Label these fil-
ters as blgnks.

7.4 Transportation

Transport|the samples in a container which has
been designed to prevent damage to the.samples in
transit, and which has been appropriately labelled
to ensure |proper handling. If possible; transport the
samples i the filter holders in grhich they were col-
lected, wifh the protective cOvets or plugs still in
position.

8 Procedure

8.1 Cleaning of glassware and polypropylene
bottles 1

8 T5 Before use, clean polypropyldne bottles by
soaking them in dilute nitric acidy(5[3) for several
days and then rinsing them thérolughly with water
(5.1).

8.2 Preparation of sample and blank
solutions

8.21 Open the filter holders, and trapsfer the sam-
ples and blanks’ (see 7.3.7) into inglividual clean
beakers (6.2:1\1).

NOTE 17 If the filter holders used are designed so that
the airborne particles which pass through the entry orifice
constitute the inspirable fraction (see nofe 3), wash any
particulate matter adhering to the interior|walls of the fil-
ter holder into the beakers using a minimum volume of
water (5.1).

8.2.2 Add 3 ml of concentrated nitric|acid (5.2) and
1 ml of hydrogen peroxide (5.5) to eadh beaker (see
note 18), cover each beaker with al watch glass
(6.2.1.2), and heat to approximately 140 °C (see
note 19) on the hot plate (6.2.4) in a flme cupboard
until most of the liquid has evaporatefl. Repeat this

step twice, adding 3 ml of concentraf
and 1 ml of hydrogen peroxide each t
to heat each beaker on the hot plat
mately 140 °C, until it is barely dry an
appears. Do not bake the residue
When each beaker is dry, remove it
plate and allow it to cool. Carefully ri
glass and the sides of each beaker]
5 ml of dilute nitric acid (5.3), replace
plate at approximately 140 °C, and a(

ed nitric acid
me. Continue
e at approxi-
d a white ash
see note 20).
from the hot

hse the watch

with 3 ml to
it on the hot
ain allow the

solution to evaporate just to dryness.

8.1.1 Before use, clean all glassware to remove
any residual grease or chemicals, by firstly soaking
in detergent solution and then rinsing thoroughly
with water.

8.1.2 After the initial cleaning (see 8.1.1), clean all
beakers with hot nitric acid. Fill them to cne-third
capacity with concentrated nitric acid (5.2), heat then
to approximately 140 °C on the hot plate (6.2.4) in a
fume cupboard until most of the liquid has evapo-
rated, allow to cool, and then rinse them thoroughly
with water (5.1).

NOTES

18 If lead dioxide is not present in the sample, then the
hydrogen peroxide (5.5) need not be added.

19 The exact temperature of the hot plate 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, without being high enough to evaporate the liquid
at a rate at which there is a significant risk of inadvert-
ently baking the residue.

20 If the residue ignites, lead will be lost. In this event,
report the mass concentration of lead in the air sample
as greater than or equal to the test result, and state why
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the result is reported in this manner in the test report.
This is preferable to discarding the sample, since other-
wise potentially relevant corrective action at the
workplace may be retarded, if the mass of lead remaining
after ignition is significantly high.

8.2.3 When each beaker is dry, remove it from the
hot plate, allow it to cool, and dissolve the residue
in 1 ml of concentrated nitric acid (5.2).

8.2.4 Transfer each solution quantitatively to a
10 ml one-mark volumetric flask (6.2.1.5) and dilute

sensitivity than the 217,0 nm line, but it is not subject to
spectral interference, and the spectral background at
283,3 nm is such that it is not necessary to correct for
non-specific attenuation at this wavelength. In addition,
whilst the detection limits obtained are dependent on the
instrument used, absorbance measurements made at
283,3 nm generally have a better signal-to-noise ratio
than those made at 217,0 nm, and hence a better de-
tection limit. Therefore the 283,3 nm lead line is used in
this International Standard.

8.4.2 Setting up of the instrument

to the mark

through a cell
been pre-wasl
then with wate

8.3 Preparaf

8.3.1 Use dilu
(see subclause

8.3.2 Prepare
cluding a zer
subclause 5.4.7
lead standard
(5.3). Calibrati
0 pg/mi and 2
lead line is use

NOTE 21 The
given as a guidg
dependent upon
erned by instrun

tt—water (5. 1) Tecessary, fiter
ilose (paper) filter (6.1.1) which has
ed with dilute nitric acid (5.3) and
F(5.1).

ion of calibration solutions

e nitric acid (5.3) as the solvent blank
5.4.2 of ISO 6955:1982).

at least six calibration solutions, in-
b member calibration solution (see
of ISO 6955:1882), by diluting the
solution (5.4) with dilute nitric acid
bn solutions shall contain between
D pg/ml of lead when the 2833 nm
d (see 8.4.1).

ange of the set of calibration solutions is
. The upper limit of the working range is
the wavelength used, and it is also gov:
ental factors which affect sensitivity_and

the linearity of fhe calibration. Accordingly, the range)of
the set of calibrfation solutions may be varied, however
when making any changes ensure that the respanse of the
spectrometer ovpr the alternative range of cohcentrations
selected is suchf that it complies with the(lipnitations on
curvature specifjed in note 22.

8.3.3 The calibration solutions~may be stored in

polypropylene pottles (6.2.2).fon a maximum period
of one month.

8.4 Calibration

8.4.1 Selectiop of)analytical line

Set up the atomic absorption spectrometer|{(6.2.5) to
make absorbance measurements at (fhe'|selected
wavelength (see 8.4.1), following the.manufacturer’s
recommendations for specific insttument-pperating
parameters. Use an oxidizing air~acetylene|flame.

8.4.3 Spectrometric meastrements

Adjust the spectrometer zero whilst aspirpting the
solvent blank (see, 8'3)1) into the flame. Then aspi-
rate the calibration solutions (see 8.3.2)|into the
flame and make’ absorbance measurements for
each solutiob.

NOTE 23, Use of an autosampler to presen{ the cali-
bration{solutions to the atomic absorption spectrometer
may. \improve the precision of the absorbance|measure-
ments and reduce the volume of solution consumed.

8.4.4 Calibration function

For instruments controlled by a microprodessor or
personal compuler, use a suitable algorithm to gen-
erate the calibration function. For instrumgnts with-
out this capability, prepare a calibration graph by
plotting the absorbance of the calibration solutions
versus the concentration of lead, in microgfams per
millilitre, in the respective solutions.

NOTE 24 In general, it is best to work within |the linear
range of the calibration, where absorbance is prpportional
to the concentration of lead in solution. However} a certain
amount of curvature can be tolerated, although|the slope
of the top 20 % of the calibration curve shall be not less
than 70 % of the slope of the bottom 20 % calgulated in
the same manner. If the calibration obtained|does not
comply with these limitations on curvature, prepjare a new

Select an analytical line for making absorbance
measurements. The 283,3 nm lead line shall be
used, unless high concentrations of lead are found
in the analytical step (see 8.5.1) and the use of a less
sensitive analytical line is identified as the most ap-
propriate method of carrying out repeat analysis
(see 8.5.4).

NOTE 22 The most sensitive lead line is at 217,0 nm,
but this is subject to possible spectral interference from
antimony, and the significant spectral background at
217,0 nm makes correction for non-specific attenuation
(see subclause 5.1.5 of 1SO 6955:1982) essential at this
wavelength. The 283,3 nm line exhibits somewhat lower

sef of calibration standards with lead concenlrations lower
than those recommended in 8.3.2.

8.5 Determination

8.5.1 Adjust the spectrometer zero while aspirating
the solvent blank (see 8.3.1) into the flame. Then
aspirate the sample and blank solutions (8.2.4) into
the flame and make absorbance measurements for
each solution. For instruments controlled by a
microprocessor or personal computer, use the cali-
bration function (8.4.4) to calculate the concentration
of lead in the sample and blank solutions, and obtain
a direct read-out of the results in concentration
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units. For instruments without this capability, deter-
mine the concentration of lead in the sample and
blank solutions from the calibration graph (see
8.4.4).

NOTE 25  Use of an autosampler to present the sample
and blank solutions to the atomic absorption spectrometer
may improve the precision of the results and reduce the
volume of solution used.

8.5.2 Aspirate the solvent blank (see 8.3.1) and a
mid-range_standard after each five to ten samples

1SO 8518:1990(E)

8.6.3 Make at least twenty absorbance measure-
ments on the test solution (8.6.2) and calculate the
detection limit using standard statistical methods.

NOTE 27  The limit of detection of an atomic absorption
method is defined in subclause 6.2.3 of 1ISO 6955:1982 as
the concentration of analyte for which the absorbance has
a value equal to k times that of the standard deviation of
a series of readings measured on a solution, the concen-
tration of which is distinctly detectable above, but close
to, the blank absorbance measurement (k is generally
taken as either 2 or 3). For the purposes of this Inter-
national Standard take k as 2

and make absorbance measurements for each sol-
ution. If [baseline drift is observed while aspirating
the solvent blank then readjust the spectrometer
zero. If the absorbance reading of the mid-range
standarq indicates that the sensitivity has changed
by more|than 4 5 %, take the following appropriate
correctije measures. Either use the available soft-
ware fatilities of the microprocessor or personal
computgr to correct for the sensitivity change when
calculatipg the lead concentration of solutions ana-
lysed supsequently, or suspend analysis and recali-
brate thp spectrometer as described in 8.4.3 and
8.4.4. In|both cases, reanalyse the solutions which
were anplysed during the period in which a sensi-
tivity change occurred.

8.5.3 When very low concentrations of lead are
found in|[the sample solution consider using scale
expansign, since this may in some instances, {m-
prove the precision of measurements made near the
detection limit.

8.54 When high concenlrations of lead are found,
dilute ar aliquot of the sample solutjon to bring the
concentrfation within the range(of the calibration.
Make all dilutions with diluté hitric acid (5.3), and
record the dilution factor DF) Alternatively, use a
less senfgitive analytical line:

NOTE 26 If a less sensitive analytical line is used, it will
be neceskary to reealibrate the spectrometer using an
appropriate set of\Calibration solutions with lead concen-
trations higher than those recommended in 8.3.2 .

9 Expression of results

9.1 Calculations

9.1.1 The time-weighted average| mass concen-
tration of lead'in the air sample, p(Pb), in milligrams
per cubic/metre, at ambient conditipns, is given by
the equatioh

Lo(Pb); V;-DF] — [p(Pb)y V5]
[/7

p(Pb) =

where

p(Pb), is the mean concentration, in micro-
grams per millilitre, of lefad in the blank
solutions (see 8.5.5);

p(Pb), is the concentration, in ficrograms per
millilitre, of lead in the sample solution;

vV is the volume, in litres, of the air sample
(see below);
Ve is the volume, in millilitres, of the blank

solution, i.e. 10 ml (see 82.4);

| is the volume, in millilitre$, of the sample
solution, i.e. 10 ml (see 8]2.4);

DF is the dilution factor |used in 854
(DF = 1in the absence of dilution).

In some instances it may be necesbkary to apply a

8 5 5 A I oLl 1 Lt <l 1 lod -
vedy ICleOU arth UTarmiin SUTUTTUNTS, aifud LalLurtatt (irc
mean concentration of lead in the blank solutions.

8.6 Estimation of the detection limit

8.6.1 Estimate the detection limit under the working
analytical conditions, following the procedure de-
scribed in 8.6.2 and 8.6.3, and repeat this exercise
whenever these conditions are changed.

8.6.2 Prepare a test solution at a concentration of
0,25 pg/ml of lead by diluting the lead standard sol-
ution (5.4) with dilute nitric acid (5.3).

temperature and pressure correction for the indi-
cated flow rate (see 7.1.3.1). A typical example of
when such a correction may be necessary is when
the sampling pump used incorporates a constant
pressure drop, variable area flowmeter which was
calibrated and used to measure the flow rate in 7.2.3
and 7.3.5. In this instance, the following expression
may be used to calculate the volume of air samples:

Voo Ty
corr = Gl p?,'?#{
where
Vv is the corrected volume, in litres;

corr
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qy is the mean flow rate, in litres per min-
ute;

t is the sampling time, in minutes;

Py is the atmospheric pressure, in

kilopascals, during calibration of the
sampling pump flowmeter;

Po is the atmospheric pressure, in
kilopascals, during the sampling period,

is ineffective for the dissolution of particulate lead com-
pounds present in the test atmosphere, and an alternative
more vigorous dissolution procedure has not been used
(see 10.1), then results will be subject to a significant
negative bias.

9.2.3 A collection efficiency of 1,00 was determined
for the filter collection step for laboratory-generated
lead nitrate aerosolsl[3], and for lead fumel].

9.3 Detection limit and working range

1 used.

T, is the temperature, in kelvins, during
calibfation of the samplin pum - . . .
flowrheter: ping - pump 9.31 The detection Ilimit of atomic ab't;orp’uon
' measurements depends on the instrume
T, is th¢ mean temperature, in kelvins, dur- However, the detection limit of the method Has been

ing the sampling period.

Any other flownjeter may also require correction for
variations in temperature and pressure. Follow the
manufacturer’s firections for such corrections.

9.1.2 If the tinje-weighted average mass concen-
tration of lead ir] the air sample has to be expressed
at reference copditions (e.g. 293 K and 101,3 kPa),
calculate the corrected result, p(Pb)qrr. Using the
following equatipn:

p(PB)cor = 4(Pb) x

where

sample, in milligrams per cubic metre,
at ambient conditions, as calculated™in
911

p(Pb) is th{ concentration of lead in the aijr,
|

T, is the mean temperature, in Kelvins, dur-
ing :]we sampling period;

Do is thhe mean atmospheriC pressure, in
kiloppscals, during the-sampling period;

293  is th¢ referencestemperature, in kelvins;

101,3 is the¢ standakd”atmospheric pressure, in
kiloppscals’

estimated to be 2.6 nug of lead per ‘samplel5).

9.3.2 The recommended ,analytical rangdg of the
method is 10 pg to 200 pg-ofdead per samplel’] us-
ing the normal proceduyre without dilution.

10 Special cases

10.1 If théereris any doubt about the suitabiljty of the
wet-ashing procedure described in 8.2.2 for|the dis-
solutionvof particulate lead compounds whjch may
be present in the test atmosphere, determine its ef-
fectiveness by analysing a bulk sample of known
lead content, which is similar in nature to the mate-
rial being used or produced. If the efficiengy of re-
covery is less than 95 %, use an alternatie, more
vigorous dissolution procedure which is [not de-
scribed in this International Standard. Do npt use a
correction factor to compensale for an apparently
ineffective dissolution procedure, since this may
also lead to erroneous results.

NOTE 289  When designing an experiment to determine
the effectiveness of the wet-ashing procedure, [it should
be recognized that the particle size distribution jof a bulk
sample may have an important influence on the efficiency
of its dissolution. Also, microgram amounts of felatively
insoluble material are frequently much more repdily sol-
uble than bulk amounts.

10.2 Anions which give a precipitate int¢rfere. If

9.2 Precision

9.2.1 In tests using laboratory-generated lead ni-
trate aerosols[3], the coefficient of variation for a
similar procedure was found to be 0,072 for the
overall sampling and analytical method in the range
130 pg Pb/m3 to 400 pg Pb/m3.

9.2.2 In tests using laboratory-generated lead ni-
trate aerosols[3] the bias of the method was found
to be insignificant.

NOTE 28  If the wet-ashing procedure described in 8.2.2

such interferents are likely to be present in the
sample solutions, then add the disodium salt of
ethylenediamine tetraacetic acid (EDTA) to the
sample and blank solutions (8.2.4) and to the cali-
bration solutions (8.3.2), so that these solutions have
a concentration of 0,1 mol/l of EDTA.

NOTE 30  The addition of EDTA usually prevents precip-
itation, but very high levels of phosphate can continue to
diminish the lead absorption signal even in the presence
of EDTA[4]. If very high levels of phosphate are likely to
be present in the sample solutions, consider the possibil-
ity of using the analyte addition technique (see
subclause 6.1.3 of I1SO 6955:1982) to obtain accurate re-
sults.
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11 Test report

The test report shall include the following informa-
tion:

a) a complete identification of the air sample, in-

cluding the place of sampling, the type of sample
(personal or fixed location), and either the iden-
tity of the individual whose breathing zone was
sampled (for a personal sample) or the location
at which the general occupational environment
was sampled (for g fixed location sample):

h)

ISO 8518:1990(E)

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

the mean ambient temperature and pressure of
the air sampled, if appropriate (see 7.1.3);

the volume of air sampled, in litres, at ambient
temperature and pressure;

any interferents known to be present;

a refgrence to this International Standard;
the tylpe and diameter of filter used;

the type of filter holder used:

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

the tyjpe of flowmeter used, the primary standard
againjst which it was calibrated, the range of flow
rates|for which the flowmeter was calibrated, and
the témperature and pressure at which it was
calibrfated, if appropriate (see 7.1.3.1);

the time at the start and end of the sampling pe-
riod, pnd the duration of the sampling period in
minufles;

3

n)

0)

p)

the time-weighted average masg concentration,
in milligrams per cubic metr@yof lead found in
the air sample, either atpambiept temperature
and pressure or corrected to re¢ference condi-
tions, and the analytical variable$ used in 9.1 to
calculate this result)<including the concentration
of lead in the sample and blank solutions, the
volume of the(sample and blank solutions, and
the dilution factor;

the estinfated detection limit under the working
analytical conditions (see 8.6.3);

any operation not specified in thfis International
Standard, or regarded as optional;

the name of the analyst;

the date of the analysis.
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