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Organotin contamination of the marine envir-
onment can be considered one of the main
environmental problems in the last 20 years.
Starting from the ‘Arcachon case’, monitoring
campaigns have been carried out worldwide in
order to evaluate the concentration levels of
these compounds in the marine environment. In
1987 the EC Standards, Measurements and
Testing Programme (formerly BCR) started a
‘tin speciation’ project to assess and improve the
quality of measurements in this field and to make
available reference materials. Ten years of study
within the framework of this project have
produced results in the fields of method devel-
opment and production of reference materials,
particularly for butyltins. The quality of the
phenyltin analytical results was lower than for
butyltins and further efforts are still needed. To
overcome this shortfall, the last certification
campaign was aimed towards the certification of
phenyltins, as well as butyltins, in a candidate
mussel certified Reference Material. The results
of the homogeneity and stability tests for
phenyltins and of the certification campaign
are presented here. The preparation of the
material and the analytical methods used in the
certification campaigns are also described. The
certification of phenyltins was hindered by their
lack of long-term stability; nevertheless, the
exercise provided information about the state-
of-the-art of phenyltin measurements in biologi-
cal samples.# 1998 John Wiley & Sons, Ltd.
Appl. Organometal. Chem.12, 621–634 (1998)
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INTRODUCTION

The toxic impact on marine organisms of tributyltin
(TBT) leached from antifouling paints has become
well known since the first identification of its effect
on oysters in Arcachon Bay (France) in the 1980s.1

Other tin compounds are known to be very toxic to
marine life, e.g. triphenyltin, and these compounds,
along with their degradation products, are currently
monitored routinely by some laboratories to control
the levels of environmental contamination. These
analyses are particularly called for in support of
some EC Directives.2 A wide variety of analytical
techniques has been developed within the last
decade for the determination of organotins; these
methods involve several analytical steps, such as
extraction, derivatization, separation and final
detection, which enhance the risks of analytical
errors.3 A programme for evaluating the perfor-
mance of these methods has been organized by the
Community Bureau of Reference (BCR; now the
Standards, Measurements and Testing Programme)
of the European Commission.4 In the preliminary
stage, interlaboratory studies aimed to evaluate and
improve the state-of-the-art of TBT determinations
in solutions and TBT-spiked sediment; this was
followed by two certification campaigns on butyltin
content in sediment. The first candidate material,
harbour sediment (RM 424),5 could not be certified
because of analytical difficulties and low TBT
levels, whereas the second material (coastal sedi-
ment, CRM 462) was certified for its content of
DBT and TBT6 and it is now available on the
market as well as the PACS-I material [from the
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NationalResearchCouncilof Canada(NRCC)]that
was the first sedimentreferencematerialcertified
for butyltin species.At this stage, a group of
European laboratories expressedthe need for
biologicalmaterialsto becertifiedfor theircontents
of butyl- and phenyl-tin compounds.The only
materialavailable(in limited stock)atpresentis the
fish material NIES No. 11 from the National
Institute for Environmental Studies in Japan,7

which wasnot consideredto be sufficient to meet
the demand.Consequently,the BCR decided to
launch a project designedto certify butyl- and
phenyl-tinsin acandidatereferencematerial(CRM
477). While the butyltin contentcould be consid-
ered for certification, the phenyltin contentcould
not be certified owing to a large spreadof results
anddifficulties of materialstabilization.This paper
describesthe preparationof the musselreference
material and the resultsobtainedin checkingthe
homogeneityand stability for phenyltins;a short
discussionis given on the technicaldiscussionof
the interlaboratorystudy for mono-, di- and tri-
phenyltin.

EXPERIMENTAL

Preparation of the mussel reference
material

The harbour of La Spezia (Liguria, Italy) was
selectedfor the collection of the musselreference
material,owing to its intensivemaritimetraffic and
to thepresenceof oneof themostimportantItalian
mussel farms. Analyses performed on mussels
collected during these campaignsshowed high
contentsof organotincompoundsin musseltissues
asaconsequenceof maritimeactivities.8 A 1200kg
consignment of mussels (Mytilus edulis) was
purchaseddirectly from theLa Speziamusselfarm
in July 1991.After collection, the musselsamples
werewashedwith freshwater to eliminatematrix
salts which could interfere in the preparation
processor the analysis. The sampleswere im-
mediatelyfrozenby immersionin liquid nitrogen.
Shelling could not be performedby cooking or
using a vapour streamsince this treatmentcould
havecauseddegradationof organotincompounds.
It was preferred to shell the frozen materials
directly by usingspecialmusselknives.Theedible
partof theanimalwasplacedin polyethylenebags
which were heat-sealed(ca 4 kg per bag) and
immediatelystoredatÿ25°C. Thefrozenmaterial

(ca 325 kg) was transportedto the Biostarters
Company(Parma,Italy) whereit wasground,using
a PTFE-coatedmill, and spreadon sterilized flat
trays for the freeze-dryingtreatment.The process
involved dividing the homogenateinto batches,
resting the material at ca ÿ55°C for 6 h, then
drying under vacuum for 48h. Analyses were
performedat theendof eachfreeze-dryingprocess
onsamplescollectedfrom thetop,intermediateand
bottomlevelsof thetrays,to evaluatethesuitability
of the process.The resultsshowedthat a moisture
contentof lessthan4% wasachieved.The freeze-
driedmaterial(final amountca 35 kg) wasput into
polyethylenebags,heat-sealed,storedat ÿ25°C
and transportedto the Joint ResearchCentre at
Ispra,Italy.

Thefreeze-driedmaterialwasgroundfor 15days
in a zirconia ball mill, taking all precautionsto
avoid contamination.It was then sievedto passa
125mm mesh with a titanium sieve in order to
separatethe fibrous part of the bulk material and
mixed for 15 daysunderanargonatmospherein a
specialpolyethylene-linedmixing drum.Theargon
atmospherewasrenewedafter 5 and10 days.The
material was bottled under an argon atmosphere
into brown Pyrex-glass bottles, remixing the
samplefor 30min after 40 bottleshadbeenfilled.
Bottlesweresetasideduringthebottlingprocedure
for the homogeneityand stability studies. One
thousandbottles, each containing ca 15g, were
obtained.

Analytical procedure

Analysesfor thehomogeneityandstability studies
werecarriedout asfollows.9,10

The subsample(500mg) wasplacedin a Pyrex
vial (20ml) and about500ng (as Sn) of internal
standard(tripropyltin chloride in methanolicsolu-
tion) was added. A mixture of 14ml of a
methalonic tropolone solution (0.03%, w/v) and
1 ml of concentratedHCl was thenaddedand the
vial, cappedwith a Teflon-lined screw-cap,was
placedin anultrasonicbathat a temperaturelower
than40°C for 15min. Theprocedurewasrepeated
twice, the supernatantbeing collected after cen-
trifugation and transferredto a 250ml cylindrical
separatoryfunnel. Dichloromethane(25ml) was
addedandthesolutionwasshakenwith 200ml of a
NaCl solution. This operationwas repeatedwith
another25ml dichloromethanealiquot.Theorgan-
ic phasewascollectedthroughanhydroussodium
sulphate,1 ml of iso-octanewas addedand the
liquid wasconcentrateddown to few millilitres by
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Rotavapor (Heidolph VV2000, Kelheim, Ger-
many), then transferredto a 15ml reactionvial.
Iso-octane(2 ml) wasaddedand the solution was
broughtto-neardrynessundera moderateflow of
nitrogen.An etherealsolution (1 ml) of 2 mol lÿ1

pentylmagnesiumbromidewasaddedandthe vial
was sonicatedfor 1 min, then placed in a 50°C
waterbathundermechanicalagitation;thereaction
wasallowedto proceedat leastfor 30min. Hexane
(1 ml) wasaddedandthe vial wasput in a beaker
half-filled with cold water. Distilled water (2 ml)
wasaddedcarefully dropwisefollowed by 6–7ml
of 1 mol lÿ1 H2SO4. Derivatizedorganotinswere
extractedwith 2–3ml of hexane;theextractionwas
repeatedtwice.Theorganicphasewasput in a vial
andconcentratedunderamoderateflow of nitrogen
to ca 0.5ml. Theextractwastransferredto the top
of asilica-gelcolumn[3 g in aglasscolumn(30cm
long, 8 mm i.d.)] previouslywettedwith 0.5ml of
hexane–benzene(1:1).Hexane–benzene(1:1) mix-
ture was passedthrough the column until 5 mL
were collectedin a vial. Finally, the solution was
concentratedundera moderateflow of nitrogento
ca 0.5ml of which 1ml was injectedfor GC–MS
determination.

Instrumentation

GC–MSanalyseswere performedon an HP 5890
GC/HP 5970B MSD system with the operating
parameterslisted in Table1.

The timings reported in Table 1 are only
indicative and shouldbe adaptedto the particular
instrumentalconditionsin use.

Peakidentificationwasbasedon thematchingof
retentiontimes (�0.5%) and isotopic massratios
(�20%) for the diagnostic ions. The relative
response factors were controlled by injecting
standardmixtureson a regularbasis(oneinjection
every3–4samples)to follow thetuningconditions
of theMS system.

With thesechromatographicsettings,thelimit of
detection (LOD) for TBT, DBT and MBT at a
signal-to-noiseratio of 3 wasapprox.8 pg injected.
Phenyltindetectionwassomewhatmoresensitive,
particularlyfor TPhT(LOD = 1.5pg),owing to the
peculiarfragmentationpatternof thesespecies.

Quality control

As mentionedabove,quality control of organotins
in biologicalmaterialsis limited, owing to thelack
of appropriateCRMs availablewith the exception
of NIES 11, certified for TBT (the TPhT concen-
tration wasprovidedas an indicative value only).
To ensurethe best traceability of measurements,
pentylatedorganotincalibrantsolutionswere pre-
paredat the beginningof the study and storedat
ÿ20°C in the dark11 to serve as independent
control solutions, since the stability of fully
derivatized organotins far exceeds that of the
starting compounds,particularly for phenyltins.
Freshly prepared stock and working calibrant
solutions were checkedfor degradationproducts
usingGC–MSafterpentylation,andanalysedwith
respectto thestoredpentylatedcalibrantsolutions.
In orderto establishtheperformanceof themethod,
organotin working calibrant solutions were run

Table 1 Operatingparameterfor GC-MS analyses

Electronimpactionizationmode(70eV)
Carriergas Helium
Headpressure 120kPa
Column HP-5(0.20mm i.d., 0.11mm film thickness,25 m length)
Temperatureprogram 80°C� 2 min, then10°C minÿ1 to 280°C
Injector splitless,240°C;
Transferline temperature 280°C;

SIM (selectedionsmonitoring)operation
Dwell time 100ms for all ions

Starttime (min) m/z

TPrT 8 277,275,273
TBT 10 305,303,301
DBT 12 319,317,315
MBT 12.9 319,317,315
Sn(IV) 13.8 333,331,329
MPhT 15 339,337,335
DPhT 16.5 345,343,341
TPhT 18.2 351,349,347
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regularly throughoutthe whole analytical proce-
dure.Singleanalyticalstepswerecarefullychecked
for performanceproblemsor deteriorationof the
materialsused(e.g. clean-upfor new batchesof
silica gel).

Recovery tests

Recoverytestswere performedusing freeze-dried
musselsamplesanalysedbeforeand after spiking
with ca 150ng (as Sn) of each compound.9,10

Organotins,as methanolsolutions,were addedto
the samples,which were previously wetted with
distilled water; after the addition, the mussel
samples were shaken for at least 30min and
allowed to equilibrate overnight. The recoveries
were calculatedwith respectto the sum of the
contentsof the endogenouscompoundsand the
spikes.Recoverieswere 82� 17% for monophe-
nyltin, 85� 14% for diphenyltinand92� 9% for
triphenyltin.

Recoverytestsperformedfive yearslater,during
the certificationcampaign,accordingto the guide-
linesreportedbelowin thetext, showedrecoveries
of 88% for MPhT, 104% for DPhT and 78% for
TPhT.

Homogeneity study

The between-bottlehomogeneitywas verified by
the determination of phenyltin compounds on
subsamplesof 500mg takenfrom 20 bottleswhich
weresetasideat regularintervalsduringthewhole
bottlingperiod.Thewithin-bottlehomogeneitywas
assessedby 10replicatedeterminationsonthewell-
mixed contentsof one bottle. Each bottle was
shakenmanuallyfor 5 min to eliminatesegregation
of particles which might have occurred during
transportandstorage.

Theuncertaintyof themethodof separationand
final determination was assessedfrom seven
replicate determinationsof each organotin com-
pound on one extract solution; the coefficient of
variation (CV) of the method,therefore,doesnot
comprise the CV introduced by the extraction
procedure.

As describedelsewhere,12 the resultsobtained
for butyltinsdemonstrateda goodhomogeneityfor
thesecompounds.Forphenyltins,theCVsobtained
for MPhT, DPhTandTPhTarepresentedin Table
2. An F-testat a significancelevel of 0.05did not
reveal significantdifferencesbetweenthe within-
and between-bottlevariances.The within-bottle

Table 2 Within- andbetween-bottlehomogeneity(CV� Ucv) at the500mg level of intake

Homogeneity,CV� Ucv (%)a

Compound Between-bottleb Within-bottlec Methodof final determinationd

MPhT 4.4� 0.7 3.4� 0.8 3.0� 0.7
DPhT 11.0� 1.8 8.3� 1.9 5.2� 1.2
TPhT 6.5� 1.0 3.5� 0.8 3.0� 0.7

a Uncertaintyon theCVs: Ucv = CV/(2n)1/2.
b Singledeterminationon thecontentof eachof 20 bottles.
c Ten replicatedeterminationson thecontentof onebottle.
d Sevenreplicatesof an extractsolution.

Table 3 Within- andbetween-bottlehomogeneity(CV� Ucv) at the100mg level of intake

Homogeneity,CV� Ucv (%)a

Compound Between-bottleb Within-bottlec Methodof final determinationd

MPhT 46.6� 11.7 32.0� 7.5 4.1� 0.9
DPhT 48.2� 12.1 29.0� 6.8 5.1� 1.1
TPhT 33.5� 8.8 5.2� 1.2 4.4� 1.0

a Uncertaintyon theCVs: Ucv = CV/(2n)1/2.
b Singledeterminationon thecontentof eachof 8 bottles.
c Nine replicatedeterminationson the contentof onebottle.
d Sevenreplicatesof an extractsolution.
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Table 4 Stability testsfor phenyltinsatÿ20,�4,�20 and�40°C

Compound Time (months) Temperature(°C) Rt
a Ut

MPhT 1 ÿ20 0.99 0.02
3 ÿ20 0.98 0.04
6 ÿ20 0.97 0.13

12 ÿ20 0.35 0.02
24 ÿ20 0.31 0.07
36 ÿ20 0.27 0.13
44 ÿ20 0.23 0.10
1 �4 0.85 0.03
3 �4 0.59 0.04
6 �4 0.54 0.03

12 �4 0.22 0.02
1 �20 0.77 0.04
3 �20 0.50 0.08
6 �20 0.60 0.08

12 �20 0.17 0.03
1 �40 0.39 0.13
3 �40 0.17 0.04
6 �40 0.14 0.02

12 �40 0.03 0.03
DPhT 1 ÿ20 0.80 0.13

3 ÿ20 0.99 0.08
6 ÿ20 1.10 0.10

12 ÿ20 ndc ndc

24 ÿ20 4.33 0.18
36 ÿ20 7.67 0.37
44 ÿ20 7.13 0.31
1 �4 0.82 0.05
3 �4 0.92 0.12
6 �4 1.31 0.07

12 �4 ndc ndc

1 �20 0.99 0.24
3 �20 0.89 0.10
6 �20 0.82 0.18

12 �20 ndc ndc

1 �40 1.72 0.65
3 �40 0.39 0.05
6 �40 0.23 0.10

12 �40 ndc ndc

TPhT 1 ÿ20 0.96 0.09
3 ÿ20 0.95 0.03
6 ÿ20 1.02 0.02

12 ÿ20 0.71 0.04
24 ÿ20 0.65 0.04
36 ÿ20 0.68 0.23
44 ÿ20 0.53 0.07
1 �4 0.95 0.10
3 �4 0.88 0.11
6 �4 1.00 0.03

12 �4 0.59 0.09
1 �20 0.99 0.10
3 �20 0.76 0.05
6 �20 0.75 0.04

12 �20 0.44 0.10
1 �40 0.60 0.05
3 �40 0.47 0.02
6 �40 0.31 0.03

12 �40 0.19 0.02

a Rt = Xt/X0, whereXt = meanof 3 replicatesoneachoccasionof analysis(at�4,�20or�40°C); X0 = meanatstartof stabilitystudy.
b Ut = (CVt

2� CV0
2)1

2. Rt; whereCVt = coefficientof variationof 3 replicatesat time t; CV0 = coefficientof variationat X0.
c nd, Not determined.
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CV is very close to the CV of the methodand,
therefore,no inhomogeneityof the material was
suspectedfor thesecompoundsat the preparation
stage.However, instability problems(seebelow)
madeit advisableto repeatthe homogeneitystudy
before the certification exercise. Data obtained
from the second homogeneitystudy (Table 3),
performedfour yearsafter the first one, showed
higherinhomogeneity,eventhoughthetwo studies
arenot easilycomparablesincethe level of intake
of thesecondstudywas100mg insteadof 500mg.
The secondhomogeneitystudy was performedat
the 100mg level of intake becausemany labora-
tories used a 100mg sample intake during the
certificationanalyses.

Stability

The stability was verified for butyltins and
phenyltins.Bottleswerekept atÿ20,�4 �20 and
�40°C, respectively,over a period of 12 months
and the compoundswere determinedat regular
intervals during the storage period. Tests were
madeat the beginningof the storageperiod and
after1, 3, 6 and12 months;thetestswererepeated
after 24, 36 and 44 monthsof storageat ÿ20°C.
Samples were analysed using the procedures
detailed above for the homogeneitystudy; the
compoundswere determinedby performing on
eachoccasionof analysisonereplicatedetermina-
tion in each of three bottles stored at different
temperatures.Any changein the content of an
analytewith time indicatesan instability, provided
that a good long-term reproducibility of the
analytical methodis obtained.Instability may be
detectedby comparing the contentsof different
analytesin samplesstoredat differenttemperatures
on various occasionsof analysis with the t = 0
values (at the start of the storageperiod). The
resultsobtainedonthesamplesat t = 0 wereusedas
referencesfor theresultsobtainedoneachoccasion
of analysis (t = 1, 3, 6 and 12 months for the
samplesstoredat�4�20and�40°C, andt = 1, 3,
6, 12, 24, 36 and44 monthsfor thesamplesstored
atÿ20°C) respectively.

Table4 givesthe ratios(Rt) of the meanvalues
(Xt) of threemeasurementsmadeaftera periodt at
the different temperaturesand the mean (X0)
obtainedat thestartof thestability study:

Rt � Xt=X0 �1�
TheuncertaintyUt hasbeenobtainedfrom theCV
of threemeasurementsobtainedaftertherespective
periodsat eachtemperature:

Ut � �CVt
2� CV0

2�1=2Rt �2�

CVt andCV0 arethecoefficientsof variationof Xt
andX0, respectively.

In thecaseof idealstability, theratiosRt should
be 1. In practice,however,therearesomerandom
variations due to the error on the measurement.
Butyltins were shown to degradedrastically at
�40°C andto a lesserextentat�20°C; the three
butyltin compoundswere, however, found to be
stable at �4 °C and ÿ20°C.12 With respect to
phenyltins,noneof thethreecompoundstestedwas
found to be stable at the different temperatures
tested;it is worthstressing,however,thatTPhTand
MPhT degradationin samplesstored at ÿ20°C
seemedto reacha plateauafter a high degreeof
degradationoccurredafter six monthsof storage
(Table4).

The results of the homogeneityand stability
studieshampered,for phenyltins,thepossibilityof
certification.Anyway,theparticipatinglaboratories
were invited to determine phenyltins in the
candidateCRM 477in orderto provideinformation
regarding the state-of-the-artof these measure-
mentsin biological samples.

Design of the interlaboratory study

Eachlaboratorythattookpartin theinterlaboratory
study was requestedto make a minimum of five
independentreplicate determinationson at least
two different bottles of the mussel reference
materialon differentdays.

Laboratorieswerefurthermoreaskedto perform
a recoverytest,for theevaluationof theextraction
efficiency and the derivatization yields. The
participants were provided with proceduresfor
blank, extraction efficiency and derivatization
yields evaluation. In particular, for recovery
evaluation,a strict protocol for the experimental
conditionsin which spikingexperimentsshouldbe
carriedout wasprovided.The protocol,discussed
in the first meeting,establishedthe equilibration
time, the spike solvent, the spike amount, the
temperatureandlight conditions,andsoon.Further
detailsareprovidedlater in the text.

One of the most critical aspectsof speciation
analysisis the lack of calibrantsof suitablepurity
andstoichiometryfor calibrationand/orverification
of derivatizationyields.Thepurity of commercially
available organotincompoundsis often not ade-
quate,while manyof thealkylatedderivatesneedto

# 1998JohnWiley & Sons,Ltd. Appl. Organometal.Chem.12, 621–634(1998)

626 R. MORABITO, P. SOLDATI, M. B. DE LA CALLE AND P. QUEVAUVILLER



be preparedin-house.It wasfelt that by providing
ultrapure calibrants, synthesizedand purified in
large quantities by an expert laboratory, some
errors relatedto calibration could be avoided.In
order to ensurethe best conditionsfor achieving
accurateresultsin the certificationof CRM 477, it
was hencedecidedto preparea set of organotin
calibrants to be distributed to the certifying
laboratoriesfor quality control checks.The task
was performed by the Department of Organic
Chemistryof the Free University of Amsterdam;
thepurposewasto preparehighly purifiedbutyltin
andphenyltincompounds(in the form of salts)as
well as their ethylatedand pentylatedderivatives
for useascalibrationandrecoverytests.A detailed
descriptionof the preparationof calibrants,their
purity etc. is reportedelsewhere.12

Recovery tests

During the initial meeting of the project it was
decidedthatatestfor recoveryevaluationwasto be
consideredmandatory.

Participantsusingpentylationor ethylationasthe
derivatizationtechniquewereobligedto checkthe
derivatization yield by using the derivatized
compounds(ethylatedandpentylatedprovided).

Theevaluationof recoveryhadto becheckedby
spiking experiments. They were advised that
underivatizedspiking compoundsshouldbe used,
andgiventhelimited stabilityof theorganotinsalts,
that the spike solution should be preparedfresh.
Furtheradvicewasgivenasfollows.

Preparationof the spiking solutions and the
addition to the sample should be measuredby
weight ratherthanvolume.

For a recoveryestimatethe participantsshould
carry out a standardaddition at three different
levels (approximatelyonce,twice, and four times
theamountsalreadypresentin thesample).

A preliminary analysisshouldbe performedin
orderto obtainan ideaof theorganotinconcentra-
tion levelsin thesample.

Thesameamountof sampleshouldbe takenfor
all spikingexperiments.

Methanol (1–2ml) should be added to each
aliquot (100–500mg) for samplerewetting.Then,
1 ml of methanolcontainingthespikingcompounds
shouldbeaddeddropwise to thealiquots.

All the aliquotsshouldbe left overnightunder
mechanicalagitation. All the aliquots should be
analysedin thesameday.

Participantsusing chromatographictechniques
shouldsubmitchromatogramsof the blank, of the

calibrationsolution,of theinternalstandardif used,
of thesample(CRM 477),andof thespikedsample
for recoveryevaluation.

For atomicabsorptionandothertechniqueswith
ashortlinearrangetheremustbemorethanasingle
calibrationpoint;at leastbracketingshouldbeused.

Linearity rangesand a calibrationcurve should
be reported.

Results of recovery tests and their technical
discussionhighlighted the fact that experimental
conditionsin whichspikingexperimentsarecarried
out strongly influencethe recoveryitself and that
further effortsareneededin this field.

It is worth emphasizingthat the bestoperating
conditionsandchoiceof suitablematricesonwhich
spikingexperimentsshouldbecarriedoutarestill a
controversialmatter.

A goodapproachcould be to exploit organotin-
free matrices,in sucha way that the presenceof
compoundsboundto the matrix in different ways
from spiked compounds does not affect the
recoveryevaluation.However, it is very difficult
to find organotin-freematricesandwhenavailable
(for instance,from remoteareassuchasAntarctica)
they are usually too different in physicochemical
compositionfrom thesamplesto beanalysed.

In any case,the guidelinesaimed to provide a
common protocol for spiking experimentsrather
thanthebestone(muchefforts is still necessaryto
identify thebestspikingprocedure).

Analytical techniques

Techniques used by the participants were as
follows.

Ethylation/GC–AAS
The sample(ca 0.1 g) wasdigestedwith 10ml of
20% tetramethylammonium hydroxide (TMAH),
buffering with 1 ml of HCl and 2 ml of sodium
acetate/aceticacid (pH 4). Extractionwas carried
out by addition of 10ml of methanol (with
ultrasonicshakingfor 1 h andmechanicalshaking
for 1 h). Recoverieswereevaluatedby spiking the
musselmatrix with the different phenyltin com-
pounds: MPhT (95%), DPhT (94%) and TPhT
(98%). Derivatization was performed with 2%
NaBEt4 in 2 mol lÿ1 sodium acetate/aceticacid
mixture (shakingfor 1 h). Clean-upwas with an
aluminacolumn. Separationwas by capillary gas
chromatography(CGC)usinga column30 m long,
0.32mm i.d.; DB-5 as stationaryphase,0.25mm
film thickness;heliumascarriergasat 5 ml minÿ1;
andair andH2 asmake-upgasesat 90 and350ml
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minÿ1, the columntemperaturerangedfrom 80 to
250°C. Detectionwasby AAS (detectortempera-
ture750°C).Calibrationwasby standardadditions,
usingorganotinchloridecalibrantsin methanol.

Ethylation/CGC–FPD

First method
The sample(0.5 g) was extractedwith 2.5ml of
methanol (mechanically shaking for 2 h) and
12.5ml of 0.12 mol lÿ1 HCl (ultrasonic mixing
for 1 h). A 0.5ml portionof themethanolicextract
was buffered with 100ml ethanoatebuffer (pH
4.8),derivatizedwith 0.2ml of 2%NaBEt4 solution
in deionizedwater,andback-extractedwith 0.3ml
of iso-octane(extractioninto theorganicsolventat
420rpmfor 45min). Separationwasby CGCusing
a column 30 m length, 0.25mm i.d.; DB-1 as
stationaryphase(polydimethylsiloxane),0.25mm
film thickness;N2 ascarriergasat0.7ml minÿ1 and
as make-up gas at 30ml minÿ1; an injector
temperatureof 290°C; and a column temperature
rangingfrom 80 to 270°C. Detectionwasby FPD
(detector temperature290°C). Recoverieswere
assessedby wetting 0.25g of samplewith 2 ml of
methanolfollowed by additionof 1 ml of methanol
solution containing the spiking compounds(four
additions);resultswere75%for MPhTand77%for
TPhT.Calibrationwasby standardadditions,using
organotinchloridecompoundsin methanol.

Secondmethod
The sample (0.2 g) was extractedwith 8 ml of
acetic acid/H2O. Ethylation was performedwith
0.75%NaBEt4 solution,simultaneouslyextracting
with 1 ml of nonaneduring a 3 min microwave
exposure(40 W). TPrT was added as internal
standard.Thederivatizationyield wasverifiedwith
ethylated compounds.Clean-up was performed
with an aluminacolumn followed by elution with
diethyl ether. Separationwas by CGC (25 m
columnlength,dimethylpolysiloxaneasstationary
phase,0.17mm film thickness;N2 as carrier gas;
injector temperature250°C; column temperature
rangingfrom 120to 280°C).Detectionwasby FPD
(detector temperature350°C). Recoverieswere
evaluatedby spikingthereferencematerialat three
different levels; resultswere 81� 8% for TPhT.
Calibrationwasby standardadditions.

SFE/ethylation/CGC–FPD
The sample(ca 1 g) wasextractedby supercritical
fluid extractionwith CO2 and a mixture of acetic
acid and 0.2% tropolonewith hexaneas solvent

(pressure50 atm, temperature50°C). Ethylation
was carried out with 2 mol lÿ1 ethylmagnesium
chloride. TPeT was added as internal standard.
Separationwas by CGC (column 30 m long,
0.25mm i.d.; DB-17 asstationaryphase,0.25mm
film thickness;H2 ascarriergasat 5 ml minÿ1; N2
asmake-upgasat 30ml minÿ1; injector tempera-
ture 250°C; column temperaturerangingfrom 60
to 280°C). Detection was by FPD (detector
temperature300°C). Recoverieswereassessedby
standard additions; results 65� 3% for TPhT.
Calibrationwasby calibrationgraphandstandard
additions,usingthecalibrantsprovidedby SM&T.

Pentylation/CGC–FPD

First method
The sample(ca 0.2 g) waspre-treatedwith 50ml
HBr/H2O mixture for 1 h andextractedinto 50ml
of 0.05% tropolone in dichloromethanefor 2 h
undermanualandmechanicalshaking.Pentylation
was carriedout with 1 mol lÿ1 pentylmagnesium
chloride for 1 h; the derivatization yield ranged
from 85 to 119% (verified with pentylatedcom-
pounds).Clean-upwasperformedwith Florisil, the
resulting extract being evaporatedto drynessby
rotary evaporationandundera gentleflow of N2;
redissolution was carried out in a Pe2Me2Sn
solution in hexane. Separation was by CGC
(column 15 m long, 0.53mm i.d.; SPB-1 as
stationary phase,1.5mm film thickness;He as
carrier gas at 1.2ml minÿ1; injector temperature
250°C; column temperatureranging from 80 to
250°C). Detectionwasby FPD(detectortempera-
ture 300°C). Recoverieswereevaluatedby three-
level spikingsof the musselmaterial;resultswere
166%for MPhT,77%for DPhTand99%for TPhT.
Calibrationwasby standardadditions.

Secondmethod
The sample(ca 0.1 g) wasextractedwith 15ml of
0.03%tropolonesolution in methanoland1 ml of
12 mol lÿ1 HCl by ultrasonicshakingfor 15min
andcentrifugingat 3000rpm for 10min; this was
followedby additionof 15ml dichloromethaneand
100ml of 5%NaCl,with manualshakingfor 3 min.
Theresultingextractwasreducedto 1 ml by rotary
evaporationandto near-drynessunderan N2 flow.
Pentylationwasperformedwith 1 ml of 2 mol lÿ1

pentylmagnesiumbromide in ethyl ether; the
derivatizationyields rangedfrom 85 to 119% (as
verified with pentylatedcompounds).Tripropyltin
wasaddedasinternalstandard.Separationwasby
CGC (column 30 m long, 0.53mm i.d.; methyl-
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phenylsilicon as stationary phase, 1.5mm film
thickness;He ascarriergasat 9 ml minÿ1; injector
temperature240°C; column temperatureranging
from 80 to 280°C). Detectionwas FPD (detector
temperature240°C). Recoverieswereevaluatedby
three-levelspikings; resultswere 88% for MPhT,
104%for DPhTand78%for TPhT.Calibrationwas
by calibrationgraph,using the calibrantssupplied
by SM&T.

Ethylation/CGC–MIP AES

First method
Thesample(0.1 g) wasdigestedwith 5 ml of 25%
tetramethylammoniumhydroxide (TMAH) with
stirring magneticfor 4 h at 50°C. Derivatization
was by addition of 20ml of 0.1 mol lÿ1 acetate
buffer (pH 5), 1.3ml of aceticacid, 1 ml of 0.6%
NaBEt4 solution and 2 ml of hexanecontaining
Pe3EtSnasinternalstandard,shakingfor 5 min and
centrifugingat 3500rpm for 3 min; thederivatiza-
tion yield was verified by analysis of a spike
(without mussel)and found to be 100% for all
compoundsexceptDPhT(44%only).Clean-upwas
performedwith a column filled with aluminaand
elution with 0.5ml hexaneand1 ml diethyl ether.
Thecombinedeluatewasreducedto 0.5ml usinga
gentle stream of N2. Separationwas by CGC
equippedwith programmedtemperaturevaporiza-
tion (HP-1 column 25 m long, 0.32mm i.d.;
0.17mm film thickness;He ascarriergas;injector
temperature15–20°C; columntemperatureranging
from 45 to 280°C). Final detectionwas by MIP
AES at 303.42nm. Recoverieswere assessedby
spiking0.1g tissuewith methanolsolution,leaving
it overnight and evaporatingunder an N2 flow
(three-level spiking); results were 68� 8% for
MPhT and75� 8% for TPhT.Calibrationwasby
calibration graph, using ethylated butyl- and
phenyl-tincompoundsasorganicsaltsin methanol.

Secondmethod
The sample(ca 0.2 g) wasdigestedwith 15ml of
25%TMAH by microwaveleachingin pressurized
vesselsat120°C for 3 min. ThepH wasadjustedto
5 by additionof 10ml of 1 mol lÿ1 acetic/acetate
buffer,3.8ml of glacialaceticacid,2 ml iso-octane
and 2 ml of 1% NaBEt4 (shakingfor 5 min); this
was followed by centrifugationat 2500 rpm for
5 min. Tripropyltin was usedas internal standard.
Clean-upwasperformedwith alumina.Separation
wasby CGC,followed by MIP AES detection.

Ethylation/CGC–MS
Thesample(ca 0.3g) wasextractedby additionof
15ml of methanol,1 ml of concentratedaceticacid
and 10ml of hexane. Derivatization was by
additionof 5% NaBEt4, with simultaneousextrac-
tion into hexanefor 15min. A small,constantflow
of reagent was added continuously during the
15min extraction;water asaddedto facilitate the
transfer of the derivatized organotins into the
organic phase. Clean-up was carried out with
alumina oxide (10% water) and elution with
hexane.The eluatewaswashedwith 6 mol lÿ1 to
remove by-products of the reaction, and then
evaporatedto near-dryness.Tripropyltin wasadded
as internal standard. Separation was by CGC
(columnof 50 m long,0.20mm i.d.; HP–methylsi-
licon asstationaryphase,0.33mm film thickness;
He as carrier gas; injector temperature250°C;
column temperatureranging from 70 to 270°C).
Calibrationwasby calibrationgraph.

Pentylation/CGC–MS
The sample(ca 0.2 g) was digestedwith 5 ml of
dilute HCl, 12ml of diethyl etherand0.3g NaCl.
Extractionwasby adding2� 12ml of diethylether
with 0.25% tropolone, followed by evaporation
under an N2 flow and drying with Na2SO4.
Derivatization was performed with 2 mol lÿ1

pentylmagnesiumbromidein diethyl ether.Clean-
upwascarriedoutwith 5 g of 100%activealumina,
eluting with 6 ml hexane/diethylether mixture.
Ph2SnEt2 and Ph3SnEt were added as internal
standards.Separationwasby CGC (column 30 m
long,0.25mmi.d.; 5%phenyl/methyl-polysiloxane
asstationaryphase,250mmfilm thickness;injector
temperatureranging from 60 to 200°C; column
temperaturerangingfrom 60 to 280°C). Detection
was by MS (ion-trap MS). Recoveryexperiments
were performedby spiking 0.2g tissue at three
levels;resultswere78� 6% for MPhT, 80� 26%
for DPhT and58� 4% for TPhT.Calibrationwas
by calibration graph, using pentylatedorganotin
compounds.

HPLC–ICP MS
The sample(ca 1 g) was digestedenzymatically
with 0.05g of lipaseand0.05g of proteasein a 0.1
mol lÿ1 citrate/phosphate-bufferedmedium (ca
40ml) at pH 7.5; the mixture was kept overnight
at 37°C undermechanicalshaking.Extractionwas
performedby threeadditionsof 10ml of dichlor-
omethane.The extract was preconcentratedby
rotaryevaporationto dryness.Dilution of thedried
extractwasperformedwith 66%methanoland33%
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mobilephase(70%MeOHand30%of 0.03mol lÿ1

aqueouscitrate buffer). Separationwas by HPLC
(gradientelution, cationexchangewith Partisil-10
SCX, 2� 25cm long, 4.6mm i.d.; 10mm particle
size).Final detectionwasby ICP MS. Recoveries
wereassessedby spiking the CRM; the resultwas

27� 3% for TPhT.Calibrationwasby calibration
graph,usingTPhTClascalibrant.

HPLC–fluorimetry
Thesample(ca 0.25g) wasdigestedwith 20ml of
0.6 mol lÿ1 HCl and2.5 mol lÿ1 NaCl in aqueous

Figure 1 Monophenyltin (mg kgÿ1 asMPhT) in CRM 477.
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solution,andadditionof 2� 10ml of ethylacetate,
followed by mechanicalshaking for 30min and
centrifugation at 10000 rpm for 20min. The
combinedextractswerewashedwith 10ml of 0.5
mol lÿ1 NaHCO3 and 1 mol lÿ1 NaCl, shaken
manuallyfor 2 min andcentrifugedat2000rpmfor
5 min. Ethyl acetate (5 ml) was added to the
washingaqueousphaseandthe organicphasewas
evaporatedto drynessby rotary evaporationat
35°C, followed by additionof 2.5ml of methanol.
Thefilteredmethanolicphasewasinjectedinto the
HPLC column (cation exchange,Partisil SCX,
25cmlong,4.6mmi.d.; 10mmparticlesize).Post-
column derivatizationwas carried out with 0.02
mol lÿ1 Triton X-100 and 3,3',4',7-tetrahydroxy-
flavoneataflow rateof 3 ml minÿ1. Finaldetection
was by fluorimetry. Recoverieswere assessedby

spikingtheCRM at onelevel (threereplicates);the
resultwas89� 3% for TPhT.

Analytical results

Laboratoriesusing gas chromatographycoupled
with atomicabsorptionspectrometry(AAS), flame
photometric detection (FPD) and mass spectro-
metry (MS) wereableto provideresultsfor all the
phenyltin compounds.Laboratoriesusing micro-
waveinductivelycoupledplasma–atomicemission
spectroscopy (MIP AES) after gas-chromato-
graphicseparationprovidedresultsfor mono-and
tri-phenyltin;diphenyltinresultswerenot provided
becauseof the extremelypoor recovery(lessthan
30%) found in at leastoneout of two laboratories
usingthis technique.Finally, thelaboratoriesusing

Figure 2 Diphenyltin (mg kgÿ1 asDPhT) in CRM 477.
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Figure 3 Triphenyltin (mg kgÿ1 asTPhT) in CRM 477.
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liquid chromatographycoupled with inductively
coupledplasma–massspectrometry(ICP MS) and
fluorimetry were able to determine triphenyltin
only.

Technical discussion

The results, presentedin the form of bar-charts
giving the codenumberof the laboratoryand the
abbreviationof the techniqueused,arereportedin
Figs1–3.

Fortriphenyltin,theeffectof theuseof methanol
and drying (blowing down) the sample in the
derivatization step (Grignard reaction) was dis-
cussed.It seemedclear that, undercertaincondi-
tions,degradationproductscouldbeformedwhich
would lead to significant analytical uncertainties,
particularlyif theextraction/derivatization weretoo
long. Degradationcould bephoto-induced.

A set of data obtainedby SFE–GC–FPDwas
withdrawn since the techniquewas optimized for
TBT but not for TPhT.

The relatively largestandarddeviationobtained
in HPLC–ICP MS was discussed;difficulties in
optimizationof the HPLC conditionswould have
contributed to this poor precision. In order to
safeguardagainstcontributionsfrom nearbypeaks,
peak heights had been used as the basis for
quantification.

The relevanceof the requestedspike recovery
test, practical aspectsof the spiking experiments
(e.g.choiceof matrix, equilibrationtime, thespike
solvent,thespikeamount,thetemperatureandlight
conditions,etc.)andtheproblemsof degradationof
calibrantswerediscussedandwill bethesubjectsof
further studies.

Owing to the large spreadof results and the
demonstrationof instability risksof thiscompound,
it wasdecidednot to give anyvaluefor TPhT.The
between-laboratoryCV after removing the sets
mentionedabovewas25%.

A largespreadof results,a poor between-bottle
homogeneity(CV ca 48%) anda lack of stability
precludedthe certificationof DPhT, for which no
indicative value is proposed(between-laboratory
CV 43%).

The same situation was observedfor MPhT
(between-laboratoryCV 56%) in comparisonwith
DPhT,anda similar decisionwastaken.

CONCLUSION

The stability study of phenyltinsin the candidate

CRM 477,performedover44months,showedhigh
degradationof thesecompoundseven when they
werestoredatÿ20°C. Consequently(owing to the
different degradationfrom bottle to bottle), the
inhomogeneityof the material increasedover the
sameperiod.

Despite the fact that the certification was
hinderedby a lack of long-termstability of these
compounds, the exercise provided information
about the state-of-the-artof phenyltin measure-
ments in biological samples. Furthermore, the
technicaldiscussionhelpedlaboratoriesto identify
possiblesourcesof error,andprovidedasupportfor
future improvements in the quality of these
measurements.

An attemptto certify phenyltins,togetherwith
otherorganotincompounds,in sedimentmaterialis
in progress.
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Photophysiqueet PhotochimieMoléculaire (Talence,France);
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