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In order to control the quality of trimethyl-lead
determination in urban dust, the Standards,
Measurements and Testing Programme (for-
merly BCR) of the European Commission
organized interlaboratory studies of which the
final aim was to certify a Reference Material.
This paper describes the preparation of an
urban dust reference material (CRM 605), the
homogeneity and stability studies, and the
analytical work performed for the certification
of the trimethyl-lead content (7.9� 1.2mg kgÿ1

by mass). Copyright# 1999 John Wiley & Sons,
Ltd.
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INTRODUCTION

Although the use of leaded gasoline (petrol) is
being increasingly discontinued in many countries,
the use of tetraalkyl-lead compounds as antiknock
agents remains the largest application of organo-
lead compounds1 and, owing to the ubiquity of lead
and concern over the toxicity of organolead
compounds in the environment,2 the monitoring
of lead species will need to be continued over the
next decade. Vehicular emissions of tetraalkyl-lead
are subject to atmospheric breakdown to trialkyl-
and dialkyl-lead and all three forms are scavenged
from the atmosphere by rainfall.3 Therefore,
trimethyl- and triethyl-lead are found in road

drainage and surface water.4 As a consequence, a
number of laboratories are performing analyses of
rainwater and urban dust, for example, to monitor
the levels of trialkyl-lead compounds in the
environment.

The techniques used are generally based on a
combination of different analytical steps including
extraction, derivatization (e.g. ethylation or
Grignard reactions), separation (e.g. gas chromato-
graphy or high-performance liquid chromatogra-
phy) and detection (e.g. atomic absorption or
atomic emission spectrometry) which all pose risks
of systematic errors (e.g. insufficient extraction,
inhibition of derivatization reaction, incomplete
separation etc.). In order to verify the performance
of analytical techniques used in lead speciation and
the quality control of trimethyl-lead determina-
tions, Certified Reference Materials are needed.
This paper describes the preparation and certifica-
tion of trimethyl-lead in an urban-dust reference
material, CRM 605, prepared within the framework
of a project launched by the Standards, Measure-
ments and Testing programme (formerly BCR) of
the European Commission.

FEASIBILITY STUDY

One of the most critical points in organometallic
chemical analysis is the availability of calibrants of
suitable purity and verified stoichiometry. This
aspect was recognized at an early stage of the
project and the purity of alkyl-lead compounds used
in the feasibility study was verified carefully.3

Additional experiments were performed on cali-
brants during the first interlaboratory exercise.
Trimethyl- (TriML) and triethyl-lead (TriEL)
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compoundswere obtained from Alfa Products
(JohnsonMatthey)andtheir purity wasverified as
follows: carbon, hydrogen and chloride relative
massesin the TriML and TriEL calibrantswere
determinedby elementalmicroanalysis;chloride
concentrationwasdeterminedby ion chromatogra-
phy.Total leadwasdeterminedin thecalibrantsby
electrothermalatomic absorption(ET AAS) using
two different acid-digestionprocedures(concen-
trated nitric acid and mixture of nitric acid/
hydrogenperoxide).Calibrantsolutionsof TriML
andTriEL at the 25mglÿ1 level werepreparedin
distilled deionizedwater (DDW) and analysed;a
200ml aliquotof eachof thesesolutionswasadded
to a solution containing NaCl (2 g), 0.5mol lÿ1

sodium diethyldithiocarbamate (NaDDTC) (2 ml)
and 0.1mol lÿ1 ethylenediaminetetra-acetate
(EDTA) (1 ml) in 30ml DDW, and the mixtures
were shaken manually in a separatingfunnel.
Hexane(5 ml) was addedto the funnel and the
aqueousphase was removed after shaking for
4 min. The extractedalkyl-lead compoundswere
thenre-extractedinto dilute nitric acid andhydro-
genperoxide,anddeterminedby ET AAS.

An aqueoussolution containing 500nglÿ1 of
TriML and TriEL was preparedand extractedas
above(except for the addition of nitric acid and
hydrogen peroxide). The hexane extract was
transferredto a 25ml conical flask and 0.5ml
propylmagnesiumchloride(Grignard)reagentwas
added,followed by gentleshakingfor 8 min. The
extract was then washedwith 0.5mol lÿ1 H2SO4
(5 ml) to destroy any excessGrignard reagent
present.Theorganicphasewasseparatedanddried
with a minimum of anhydrous Na2SO4 and
transferredto a 4 ml vial. TriML and TriEL were
determinedby gas chromatography(GC AAS).
Student’st-testswereusedto comparethe experi-
mentalresultsobtainedwith thepredictedvalues.

Theresultsshowedthatthecontentof alkyl-lead
in the calibrantswasslightly lessthan 100%,and
that extraction/analyticallosses were the likely
causesfor this,ratherthaninorganiclead(sincethis
was not significantly different from the expected
concentration).In addition,if therewascontamina-
tion by inorganic PbCl2 in the standards,the
concentrationof chlorideobtainedby microanaly-
sis and ion chromatographywould have been
higherthanexpected.In thetwo chlorideanalyses,
it was found that the chloride concentrationwas
slightly lowerthanexpected,probablyduein partto
the tetra-alkyl-lead detected in the calibrants
(around2% of the total leadcontent).In the light
of these results, it was thought unlikely that

significant amounts of either inorganic lead or
other ionic alkyl-lead compoundswere present.It
wasconcluded,therefore,that thetwo trialkyl-lead
calibrants were not less than 98% pure. These
calibrantswereusedin the interlaboratorystudies.

INTERLABORATORY STUDIES

Two interlaboratorystudieswere organized,the
first dealingwith the analysisof artificial concen-
tratedrainwatersolutions6 and the seconddealing
with artificial rainwater and urban dust.7 The
preparationof the urban dust and the analytical
resultsaredescribedbelow.Resultsof theartificial
rainwaterexercisearedescribedelsewhere.6

Preparation of urban-dust samples
used in the interlaboratory study

The sample preparationwas performed by the
Institute of Public and Environmental Health,
University of Birmingham, UK. Urban dust was
collected from the Queenswayroad tunnel in
Birmingham city centre. After being passed
througha 500mm sieveto removelarge particles
of debris,thedustwasfirst treatedby air-dryingfor
4–5daysandthengroundwith aballmill for 3 min.
The ground dust was further sieved through a
80mm sieve.Around600g of treatedroaddustwas
homogenizedthoroughlyin a1 kg glassjar andthen
stabilizedby freeze-dryingfor 20h. The material
was bottled immediately into 30ml amber glass
bottles, each of which containedapproximately
25g of the dust; they were then sealedin plastic
bags.

Results of the interlaboratory study

In most cases,the pretreatmenttechniquesused
were basedon complexationand GC separation,
and employedvarious detection techniques(e.g.
MIP–AES,AAS, ICP–MS).The extractionrecov-
ery was consideredto be one of the most critical
points in urban-dustanalysis. Direct ultrasonic
extractionof TriML from theurbandustinto water
gavepoor recoveriesand in extremecasesled to
negligibleor evennegativerecoveries(in compari-
son with spike recoverytests);this was probably
becausesuch a treatmentleads to the releaseof
inorganic lead from the sample,which consumes
thereagent(NaBEt4) despitetheEDTA masking.In
addition, the high amount of inorganic lead
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extracted creates important interferencesat the
detection step which requires the addition of
EDTA. Therefore,a milder extraction procedure
(shaking)wasusedto ensurecompleterecoveryof
the TriML spike, whilst inorganic lead was only
partly extracted.

Somedoubtswere expressedon the procedure
usedby onelaboratory,which filtered the suspen-
sionandrecoveredTriML from thefiltrate. Indeed,
it wassuspectedthatlossescouldhaveoccurred,for
example,by adsorptionon thefilter. Theextraction
recoverywas not necessaryas standardadditions
wereperformedbeforeextraction;recoveryvalues
of 66 and77%wereobtained.At this stage,it was
not possibleto confirm the doubtsexpressedover
the extractionrecoveryof TriML in this material.
The participantsrecommendedthat emphasisbe
put on the verification of extractionrecoveryin a
furtherexercise,i.e. thatasmallbatchof Candidate
ReferenceMaterial of urbandustbe spikedwith a
known amount of TriML, left to equilibrate,
homogenizedandmadeavailableto theparticipants
so that the extraction recovery may be verified.
Recommendationwasmadeto spike the dust in a
slurry which should be freeze-dried,rather than
oven-dried,in orderto avoid lossesof TriML.

The preparation of samples for a possible
certification exercisewas discussed.The partici-
pantsagreedthat a CandidateReferenceMaterial
couldbeprepared,following a similar approachto
the interlaboratorystudy, with the addition of a
second spiked material in order to verify the
extraction recoveries. Particular attention was
recommendedto bepaidto this verificationaswell
as to the verification of calibrant purity and
stoichiometry.Other requirementswould be that
five replicatedeterminationsshouldbe performed
on two bottleson at leasttwo separatedays.

PREPARATION OF THE CANDIDATE
CRM

Around15kg of surfaceroaddustwascollectedby
sweepinga lay-by in the central section of the
Queenswaytunnel in Birmingham (UK). The
tunnel is approximately850m in length and is a
major traffic route throughBirmingham from the
motorwaysystem.The dustwaspassedthrougha
500mm sieveto removelarge particlesof debris.
Thenthesamplewastreatedby air-dryingat room
temperaturefor five dayson a flat tray lined with
clean paper in a well-ventilated and dark place.

Further, the dust was ground in a ballmill for a
periodof 3 min andsievedthrougha 125mm sieve.

About 10kg of the pre-treateddustsamplewas
homogenizedby the following procedure: the
whole amount of dust was divided in four
subsamplesof about 2.5kg; eachsubsamplewas
storedin a 5 l dark-glassbottle andshakenon the
mechanicalshakerfor few hours (using different
shakingdirections).Whenall four subsampleshad
beenhomogenized,they were redistributedagain
into a secondfour subsamplesin sucha way that
each of the first four subsamplescontributed
equallyto eachof the secondfour. This procedure
wasrepeatedthreetimes,afterwhich thefinal four
subsampleswere again combinedin one sample.
The homogenizeddustsamplewasfreeze-driedat
ÿ50°C and8 mbarpressurefor 24h. The bottling
procedurefollowed immediately.Eachof the 600
30ml amber glassbottles, provided with screw-
caps,was filled with ca 15g of the dust sample,
sealedin aplasticbagandstoredin thecoldroomat
4 °C.

A separatebatchof materialwassetasidefor the
preparationof spiked samplesto be usedfor the
verificationof extractionrecoveriesby the certify-
ing laboratories.A solution(250ml) of trimethyl-
leadchloridecalibrantcontaining20mg asPbwas
first prepared,andthenaddedto 400g of candidate
urbanroaddust.Theslurrywasplacedin a1 l wide-
neckedamberglassbottleandwasstirredmanually
for severalhours with two glass rods, and then
storedover 48h at 4 °C. After being freeze-dried
over two nights, the dust was gently ground in a
porcelainmortar,andthentransferredinto another
1 l wide-neckedamberglassbottle.Thebottlewas
thenshakenmechanicallyto homogenizethewhole
sample of the spiked road dust before it was
distributedinto 25 bottles,eachcontainingca 15g
of the dust.The spiking level of trimethyl-leadin
theurbanroaddoastwas50mg kgÿ1 (asPb).

HOMOGENEITY

The between-bottlehomogeneityof the candidate
CRM 605wasverifiedby a singledeterminationof
trimethyl-leadin eachof 15bottlessetasideduring
thebottlingprocedure(five bottlesoutof eachsetof
200 bottles). The within-bottle homogeneitywas
verifiedby 10 replicateanalysesfrom onebottle.

Samples(1 g) weretransferredto 250ml screw-
capglassbottlescontainingMilli-Q water(100ml)
and NaCl (10g). The bottles were shakenon a
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mechanical shaker for 30min. The slurry was
filteredthroughtwo piecesof glassmicrofibrefilter
(WhatmanGF/C)andrinsedwith 50ml of Milli-Q
water.Thecombinedfiltrateswerethentransferred
to a secondclean250ml glassbottle.After thepH
was adjustedto 9.0 with an ammonia solution,
EDTA (3 g), 5 ml of 0.5mol lÿ1 NaDDTC and
15ml hexanewere added.After 30min of agita-
tion, the organic phase was removed and the
extractionwas repeatedwith a secondaliquot of
hexane.The combinedhexaneextractswere then
passedthrough anhydrousNa2SO4 with hexane
rinses.The hexaneextractswere transferredto a
25ml conicalflaskandevaporatedby purgingwith
an N2 streamin a water bath set at 35°C, until
approximately5 ml of thehexaneextractremained.
This was transferredinto a 10ml concentrator
receivertubewith ahexanerinseandevaporatedby
purging with an N2 stream until 0.5ml of the
extractremained.Grignardreagent(0.3ml propyl-
magnesiumchloride) was addedand the concen-
trator tube was shakenin a ultrasonic bath for
5 min. H2SO4 (5 ml of 0.5mol lÿ1) was addedto
destroytheexcessGrignardreagentandthemixture
was shakenin the ultrasonic bath for a further
5 min. The hexanelayer wasremovedfrom above
by meansof a 200ml pipette.A small amountof
anhydrousNa2SO4 wasplacedwithin thepipettetip
to dry theextract.This25ml of thefinal extractwas
injected into a GC AAS system.The extraction
recoveryof trimethyl-leadin roaddustwasverified
by spiking road dust material at a level of
4mg kgÿ1. The rangeof recoverywas from 66.5
to 91.3%for four replicates(meanof 77.6� 9.5%).

The coefficients of Variation (CVs) for tri-
methyl-leadanalysisin CRM 605 arepresentedin
Table1.An F-testatasignificancelevelof 0.05did
not reveal significant differences between the
within-bottle andthe between-bottlevariancesand
the methodCV. On the basisof theseresults,no
inhomogeneitywassuspectedandthematerialwas

consideredto behomogeneousat a level of 1 g and
above.

STABILITY

The stability of the trimethyl-lead content was
testedto determinethesuitabilityof thismaterialas
a candidateCRM. Bottleswerekept in the dark at
ÿ20°C, �20°C and�37°C and trimethyl-lead
was determinedat the beginning of the storage
periodandafter1, 3, 6, 12and37months.Samples
wereanalysedusingthesameproceduresasfor the
homogeneitystudy.Trimethyl-leadwasdetermined
in triplicate (onereplicateanalysisin eachof three
bottlesstoredat ÿ20, �20 and�37°C) on each
occasionof analysis.

Any changewith time in thecontentof aelement
or compoundindicatesaninstability, providedthat
a good long-term analytical reproducibility is
obtained.Instability maybedetectedby comparing
the concentrationsof different elementsor com-
poundsin samplesstoredat different temperatures
with those stored at a low temperatureon the
variousoccasionsof analysis.

The samplesstoredat ÿ20°C were usedas a
referencefor thesamplesstoredat�20and�37°C
respectively.Table 2 gives the ratios (RT) of the
meanvalues(XT) of threemeasurementsmadeat
�20 and�37°C to the meanvalue(Xÿ20°C) from
threedeterminationsmadeon thesameoccasionof
analysisat a temperatureof ÿ20°C, i.e. RT = XT/
Xÿ20°C

The uncertaintyUT hasbeenobtainedfrom the
coefficientof variation(CV) of five measurements
obtainedat eachtemperature:

UT � �CVT
2� CVÿ20�C

2�1=2: RT=100 �1�

Table 1 Between-bottlehomogeneityand method CV for
CRM 605: (CV� UCV) %

Component Within-bottlea
Between-

bottleb Methodc

Trimethyl-
lead

8.2� 1.5 8.4� 1.9 8.2� 1.8

a 10 replicate determinationson the contentsof one bottle.
Uncertaintyon theCVs: UCV � CV/

p
2n.

b Singledeterminationon thecontentsof eachof 15 bottles.
c 10 replicatedeterminationson anextractsolution.

Table 2 Normalizedresultsof the stability study

Component
Time

(months)
RT� UT
(�20°C)

RT� UT
(�37°C)

Trimethyl-
lead

1 1.06� 0.10 0.83� 0.14

3 0.98� 0.18 0.84� 0.14
6 1.01� 0.14 0.83� 0.13

12 1.00� 0.13 0.80� 0.10
37 0.98� 0.12 0.73� 0.08
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In thecaseof ideal stability, the ratio RT should
be 1. In practice,however,therearesomerandom
variationsdueto the error on the measurement.In
almostall cases,the value 1 falls betweenRÿT UT
and RT�UT. On the basisof the results,it was
concludedthat no instability of the materialcould
bedemonstratedovera periodof 37 monthsfor the
materialstoredat �20°C. However,a significant
decreasein trimethyl-leadcontentwasobservedto
occurat�37°C.

On the basisof theseresults,it was concluded
that the material is stable at �20°C whereas
storagetemperaturesabove this level should be
strictly avoided.

METHODS USED IN THE
CERTIFICATION

After a preparatory meeting in which all the
requirementsfor certifying ReferenceMaterials
were discussedand restated,two bottles of the
candidateCRM were shippedto the participating
laboratorieslisted in theAcknowledgements.Each
laboratorythattookpartin thecertificationexercise

wasrequestedto performsix independentreplicate
determinationson at leasttwo different bottlesof
theCRM on different days.

A trimethyl-leadcalibrantwas preparedby the
University of Plymouth for the purposeof the
certificationcampaignin orderto enableparticipat-
ing laboratoriesto verify their own calibrants.A
portion of 39g of tetramethyl-leadand toluene
(80%, w/w) wasplacedin a round-bottomedflask
and hexane(250ml) was added.Dried hydrogen
chloride gaswasbubbledthroughthe mixture for
10min at a flow rate of 150ml minÿ1. A heavy
white precipitatewasformedandwasremovedby
filtration; it wasfirst washedwith hexane(300ml)
andfinally rinsedwith pentanebeforebeingdried
under reduced pressure.The original reaction
mixture wasdiscarded,the apparatuswascleaned
with hexaneandafreshpreparationwasundertaken
in order to produce sufficient trimethyl-lead
chloride for the purposeof the project.The purity
of theproductwasassessedby NMR spectroscopy
andwasfoundto begreaterthan99%.Theproduct
was also sentto an accreditedexternallaboratory
for carbon,hydrogenandchlorineanalysisandthe
resultsareshownin Table3. Goodagreementwas
obtainedbetweenthe observedpercentagecompo-
sition for thesecomponentsand their theoretical
values, providing confirmatory evidence of the
purity of theproduct.

This calibrant was used in all casesby the
participants in the certification campaign. In
addition to the purity checks performed by the
University of Plymouth,somelaboratoriescross-
checkedthis calibrantusingthe calibrantfrom the
interlaboratorystudies.

The methodsusedin the certificationcampaign
aredescribedin Table4.

Table 3 Carbon, hydrogen and chlorine analysis of the
trimethyl-leadcalibrant

Composition (%)
Found Calcd.

Carbon 12.62 12.51
Hydrogen 3.24 3.14
Chlorine 12.04 12.30

Fig. 1. Trimethyl-lead(mg/kg-1) in urbandust;laboratorymeanvaluesand95%confidenceintervals.
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TECHNICAL AND STATISTICAL
EVALUATION OF THE RESULTS

The setsof resultsfound acceptableafter both the
technicalandstatisticalevaluationarepresentedin
Fig. 1. Eachsetof resultsis identifiedby the code
numberof the laboratory.

Technical discussion

Resultsproducedby hydridegeneration/ZETAAS

werewithdrawn;this methodis capableof speciat-
ing betweeninorganicandorganicleadbutdoesnot
have the specificity to differentiate between
organoleadspecies.ThecandidateCRM waslikely
to containa variety of organoleadcompounds,so
theseresultswerenot used.

The recoveriesobtainedby the various labora-
tories were discussedmost were in the range70–
95%, with standarddeviationsof 3–8%. It was
agreed that the best practice was to conduct
recoverystudiesalongsidethe analyticalmeasure-
ment. Trimethyl-lead in the spiked sample was
determinedas the differencebetweenthe spiked
andtheunspikedresults.

General statistical discussion

For each set of results the mean value and the
standarddeviation were calculated after having
passedtechnicalscrutiny.The setsof resultswere
submittedto the following statisticaltests:Kolmo-
gorov–Smirnov–Lilliefors teststo assessthe con-
formity of thedistributionsof individual resultsand
of laboratory meansto normal distributions; the
Nalimov test to detect ‘outlying’ values in the
populationof individual resultsandin the popula-
tion of laboratorymeans;theBartlett testto assess
the overall consistencyof the variance values
obtained in the participating laboratories; the
Cochran test to detect ‘outlying’ values in the
laboratoryvariances(Si

2); the one-wayanalysisof
variance (F-test) to compare and estimate the
between-andthe within-laboratorycomponentsof
theoverall varianceof all the individual results.

The estimatesof the within-laboratorystandard
deviation(SW) andthebetween-laboratorystandard
deviation(SB), asderivedfrom one-wayanalysisof
variance,demonstratedthatthebetween-laboratory
variation was not significant. For reasons of
uniformity, it wasdecidedto basethe certification
on the laboratorymeansratherthan all individual
results. The half-width of the 95% confidence
interval of the mean of the data set meanswas
adoptedastheuncertainty.

In Fig. 1 the lengthof a bar correspondsto the
95% confidenceinterval of the laboratorymean.
Thecertifiedvaluewascalculatedasthearithmetic
meanof the laboratorymeans(taking into account
the numberof setsacceptedfor certificationafter
bothstatisticalandtechnicalscrutiny);this valueis
featuredasa vertical dottedline on the bargraphs
(the uncertaintyis given by the half-width of the
95%confidenceinterval).

The populationof resultsacceptedfor certifica-

Table 4 Summaryof techniquesusedin thecertification

Laboratory
Method

01
Addition of NaCl/H2O; derivatization with 4% NaBEt4;
separationby cryogenic trapping in a U-tube filled with
chromatographicmaterial;detectionby QF AAS
02
Complexation with EDTA and DDTC; hexane extraction;
derivatization by addition of 2 mol/L propylmagnesium
chloride; elution with hexane;separationwith U-tube filled
with chromatographicmaterial;detectionby QF AAS
03
Addition of ammonium citrate/EDTA; derivatization with
NaBEt4; separationby CGC;detectionby MIP–AES
04
Supercriticalfluid extractionusingCO2 with methanol:liquid–
liquid extraction of SFE eluate with n-hexane after
complexation with DDTC; derivatization by addition of
propylmagnesiumchloride; separationby CGC; detectionby
MS
05
Addition of NaCl, EDTA and hexane;separationby CGC;
derivatization with NaBEt4; detection with ID–ICP–MS of
isotopes206Pband208Pb
06
Addition of DDTC; extraction with pentane;clean-upwith
100%activealuminafollowed by elution with hexane/diethyl
ether; derivatization with pentylmagnesium bromide;
separationby CGC;detectionby MS
07
Extractionwith pentaneafterbufferingwith ammoniumacetate
and DDTC complexation;clean-upwith deactivatedalumina;
redissolutioninto hexane;derivatizationwith butylmagnesium
bromide;separationby CGC;detectionby MS

Abbreviations:
CGCCapillary gaschromatography
DDTC Diethyldithiocarbamate
ICP–MSInductively coupledplasmamassspectrometry
ID–ICP–MSIsotopedilution–inductivelycoupledplasmamass
spectrometry
MIP–AES Microwave-inducedplasmaatomic emissionspec-
trometry
MS Massspectrometry
QF AAS Quartz furnace (electrothermally heated) atomic
absorptionspectrometry
SFESupercriticalfluid extraction
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tion had a normal distribution before the 95%
confidence interval of the means of means is
calculated(Kolmogorov–Smirnov–Lilliefors tests).
In addition,no outlying meanvaluesweredetected
(Nalimov test). The set of variances was not
homogeneous;owing to the fact that different
methods were used, each having a different
repeatability and reproducibility, this was not
surprisingandit wasfully acceptable.No outlying
variancesweredetected.

CERTIFIED VALUE

Thecertifiedvalue(unweightedmeanof p accepted
setsof results)andits uncertainty(half-widthof the
95% confidenceinterval) is given in Table 5 as
massfractions. Trimethyl-lead is certified as the
massfraction of (CH3)3Pb� (mg kgÿ1 asTriML).

AVAILABILITY

CRM 605is availableat theInstitutefor Reference
MaterialsandMeasurements(IRMM), Retieseweg,
B-2440 Geel, Belgium [Fax: (�32)14 590406],
alongwith a certificationreportwhich containsthe
information given in this paperas well as all the
individual results and a full description of the
methodsusedin thecertification.
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Universidad de Zaragoza,Centro Pol. Sup. de Ingenieros,
Zaragoza(ES).
Vrije Universiteit Amsterdam,Inst. Milieuvraagstukken,Am-
sterdam(NL).

REFERENCES

1. C. N. Hewitt and R. M. Harrison, in: Organometallic
Compoundsin theEnvironment, Craig,P.J. (ed.),Longman,
London,1986,p. 160.

2. R. J.C. Van CleuvenbergenandF. C. Adams,in: Handbook
of EnvironmentalChemistry, Hutzinger,O. (ed.),Springer-
Verlag,Berlin, 1990,p. 97.

3. R. M. HarrisonandD. P. H. Laxen,Environ. Sci. Technol.
12, 1384(1978).

4. C. N. Hewitt andR. M. Harrison,Environ.Sci.Technol.21,
260 (1987).

5. R. J. C. Van Cleuvenbergen,W. M. R. Dirkx, P.
QuevauvillerandF. C. Adams,Int. J. Environ.Anal. Chem.
47, 21 (1992).

6. P. Quevauviller,Y. Wang,A. B. Turnbull, W. M. R. Dirkx,
R. M. HarrisonandF. C. Adams,Appl.Organometal.Chem.
9, 89 (1995).

7. P. Quevauviller, Y. Wang and R. M. Harrison, Appl.
Organometal.Chem.8, 703 (1994).

8. Y. Wang, R. M. Harrison and P. Quevauviller, Appl.
Organometal.Chem.10, 69 (1996).

Table 5 Certified massfractions (dry matter) of trimethyl-
leadin CRM 605(mg kgÿ1 asTriML)

Component

Certified
value

(mg kgÿ1 as
TriML)

Uncertainty
(mg kgÿ1 as

TriML) pa

Trimethyl-
lead

7.9 1.2 7

a p = numberof setsof results.

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 1–7 (1999)

CERTIFICATION OF TRIMETHYL-LEAD IN CRM 605 7


