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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.
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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.
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 Directive$.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® 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 Commissidhin 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&)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 TBT and it is now available on the
market as well as the PACS-I material [from the
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NationalResearclCouncilof CanadgNRCC)]that
was the first sedimentreferencematerial certified
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)atpresents the
fish material NIES No. 11 from the National
Institute for Environmental Studies in Japart,
which was not consideredo be sufficientto meet
the demand.Consequentlythe BCR decidedto
launch a project designedto certify butyl- and
phenyl-tinsin acandidataeferencematerial(CRM
477). While the butyltin contentcould be consid-
eredfor certification, the phenyltin contentcould
not be certified owing to a large spreadof results
anddifficulties of materialstabilization.This paper
describeghe 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 the presencef oneof the mostimportantltalian
mussel farms. Analyses performed on mussels
collected during these campaignsshowed high
contentsof organotincompoundsn musseItlssues
asaconsequencef maritimeactivities® A 1200kg
consignment of mussels (Mytilus edulig was
purchasedlirectly from the La Speziamussefarm
in July 1991. After collection,the musselsamples
werewashedwith freshwaterto eliminate matrix
salts which could interfere in the preparation
processor the analysis. The sampleswere im-
mediatelyfrozen by immersionin liquid nitrogen.
Shelling could not be performedby cooking or
using a vapour streamsince this treatmentcould

havecauseddegradatiorof organotincompounds.

It was preferred to shell the frozen materials
directly by usingspecialmusseknives.The edible
partof the animalwasplacedin polyethylenebags
which were heat-sealedca 4 kg per bag) and
immediatelystoredat —25°C. The frozenmaterial
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(ca 325 kg) was transportedto the Biostarters
Company(Parma]taly) whereit wasground,using
a PTFE-coatednill, and spreadon sterilized flat
traysfor the freeze-dryingtreatment.The process
involved dividing the homogenateinto batches,
resting the material at ca —55°C for 6h, then
drying under vacuum for 48h. Analyses were
performedat the endof eachfreeze-dryingorocess
onsamplexollectedfrom thetop, intermediateand
bottomlevelsof thetrays,to evaluatehesuitability
of the processThe resultsshowedthat a moisture
contentof lessthan4% wasachieved.The freeze-
dried material(final amountca 35 kg) wasputinto
polyethylenebags, heat-sealedstoredat —25°C
and transportedto the Joint ResearchCentre at
Ispra,ltaly.

Thefreeze-driednaterialwasgroundfor 15days
in a zirconia ball mill, taking all precautionsto
avoid contaminationlt wasthen sievedto passa
125pum meshwith a titanium sieve in order to
separatethe fibrous part of the bulk materialand
mixed for 15 daysunderan argonatmospherén a
specialpolyethylene-linednixing drum.Theargon
atmospheravasrenewedafter 5 and 10 days.The
material was bottled under an argon atmosphere
into brown Pyrex-glass bottles, remixing the
samplefor 30 min after 40 bottleshad beenfilled.
Bottlesweresetasideduringthebottling procedure
for the homogeneityand stability studies. One
thousandbottles, each containing ca 159, were
obtained.

Analytical procedure

Analysesfor the homogenelt)and stability studies
werecarriedout asfollows.*

The subsampld500mg) was placedin 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 wasthen addedandthe
vial, cappedwith a Teflon-lined screw-cap,was
placedin anultrasonicbathat a temperaturdower
than40°C for 15min. The proceduravasrepeated
twice, the supernatanbeing collected after cen-
trifugation and transferredto a 250ml cylindrical
separatoryfunnel. Dichloromethane(25ml) was
addedandthe solutionwasshakerwith 200ml of a
NacCl solution. This operationwas repeatedwith
another25 ml dichloromethanaliquot. The organ-
ic phasewas collectedthroughanhydroussodium
sulphate,1 ml of iso-octanewas addedand the
liquid wasconcentratedlownto few millilitres by
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Table 1 Operatingparametefor GC-MS analyses

Electronimpactionizationmode(70eV)

Carriergas Helium

Headpressure 120kPa

Column HP-5(0.20mmii.d., 0.11pm film thickness25 m length)
Temperaturgorogram 80°C x 2min, then10°C min~* to 280°C

Injector splitless,240°C;

Transferline temperature

SIM (selectedons monitoring) operation
Dwell time

280°C;

100 msfor all ions

Starttime (min) m/z
TPIT 8 277,275,273
TBT 10 305,303,301
DBT 12 319,317,315
MBT 12.9 319,317,315
Sn(1V) 13.8 333,331,329
MPhT 15 339,337,335
DPhT 16.5 345,343,341
TPhT 18.2 351,349,347

Rotavapor (Heidolph VV2000, Kelheim, Ger-
many), then transferredto a 15ml reactionvial.

Iso-octane(2 ml) was addedand the solution was
broughtto-neardrynessundera moderateflow of

nitrogen.An etherealsolution (1 ml) of 2 mol 7%

pentylmagnesiuntbromidewas addedandthe vial

was sonicatedfor 1 min, then placedin a 50°C

waterbathundermechanicahgitation;thereaction
wasallowedto proceedat leastfor 30 min. Hexane
(2 ml) wasaddedandthe vial wasputin a beaker
half-filled with cold water. Distilled water (2 ml)

was addedcarefully dropwisefollowed by 6—7ml

of 1 mol I"* H,SO,. Derivatizedorganotinswere
extractedvith 2—3ml of hexanetheextractionwas
repeatedwice. The organicphasewvasputin avial

andconcentratedindera moderatdlow of nitrogen
to ca 0.5ml. The extractwastransferredo the top

of asilica-gelcolumn[3 g in aglasscolumn(30cm

long, 8mmi.d.)] previouslywettedwith 0.5ml of

hexane—benzen@.:1). Hexane—-benzend.:1) mix-

ture was passedthrough the column until 5mL

were collectedin a vial. Finally, the solutionwas
concentratedindera moderateflow of nitrogento

ca 0.5ml of which 1 ul wasinjectedfor GC-MS
determination.

Instrumentation

GC-MS analyseswere performedon an HP 5890
GC/HP 5970B MSD systemwith the operating
parameterdistedin Tablel.

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

© 1998JohnWiley & Sons,Ltd.

Peakidentificationwasbasedn the matchingof
retentiontimes (+0.5%) and isotopic massratios
(£20%) for the diagnostic ions. The relative
response factors were controlled by injecting
standardnixtureson a regularbasis(oneinjection
every3—4samples}o follow the tuning conditions
of the MS system.

With thesechromatographisettingsthelimit of
detection (LOD) for TBT, DBT and MBT at a
signal-to-noiseatio of 3 wasapprox.8 pginjected.
Phenyltindetectionwas somewhaimore sensitive,
particularlyfor TPhT (LOD = 1.5pg), owingto the
peculiarfragmentatiorpatternof thesespecies.

Quality control

As mentionedabove,quality control of organotins
in biological materialsis limited, owing to the lack
of appropriateCRMs availablewith the exception
of NIES 11, certified for TBT (the TPhT concen-
tration was providedas an indicative value only).
To ensurethe besttraceability of measurements,
pentylatedorganotincalibrant solutionswere pre-
paredat the beginningof the study and storedat
—20°C in the dark to serve as independent
control solutions, since the stability of fully
derivatized organotins far exceedsthat of the
starting compounds,particularly for phenyltins.
Freshly prepared stock and working calibrant
solutions were checkedfor degradationproducts
using GC-MSafter pentylation,andanalysedwith
respecto the storedpentylatedcalibrantsolutions.
In orderto establistthe performancef themethod,
organotin working calibrant solutions were run

Appl. OrganometalChem.12, 621-634(1998)
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Table 2 Within- andbetween-bottldhomogeneityCV + U,,) at the 500mg level of intake

Homogeneity CV + U, (%)?

Compound Between-bott|B Within-bottle® Method of final determinatiofl
MPhT 4.4+0.7 3.4+08 3.0+ 0.7
DPhT 11.0+1.8 8.3+1.9 52+1.2
TPhT 6.5+1.0 3.5+0.8 3.0+ 0.7

2 Uncertaintyon the CVs: Ug, = CV/(2n)*2.

b Single determinatioron the contentof eachof 20 bottles.
¢ Tenreplicatedeterminationsn the contentof onebottle.
4 Sevenreplicatesof an extractsolution.

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
musselsamplesanalysedbefore and after spikin%
with ca 150ng (as Sn) of each compound*
Organotins,as methanolsolutions,were addedto
the samples,which were previously wetted with
distiled water; after the addition, the mussel
sampleswere shaken for at least 30min and
allowed to equilibrate overnight. The recoveries
were calculatedwith respectto the sum of the
contentsof the endogenousompoundsand the
spikes.Recoverieswere 82 + 17% for monophe-
nyltin, 85+ 14% for diphenyltinand 92 + 9% for
triphenyltin.

Recoverytestsperformedfive yearslater,during
the certificationcampaignaccordingto the guide-
linesreportedbelowin the text, 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
subsamplesf 500mg takenfrom 20 bottleswhich
weresetasideat regularintervalsduring the whole
bottling period.Thewithin-bottlehomogeneityvas
assessebly 10replicatedeterminationenthewell-
mixed contentsof one bottle. Each bottle was
shakemmanuallyfor 5 min to eliminatesegregation
of particles which might have occurred during
transportandstorage.

The uncertaintyof the methodof separatiorand
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 describedelsewheré? the results obtained
for butyltins demonstrate@d goodhomogeneityfor
thesecompoundsFor phenyltins the CVs obtained
for MPhT, DPhT and TPhT arepresentedn Table
2. An F-testat a significancelevel of 0.05did not
reveal significant differencesbetweenthe within-
and between-bottlevariances. The within-bottle

Table 3 Within- andbetween-bottlthomogeneity(CV + U,) atthe 100mg level of intake

Homogeneity CV + U, (%)?

Compound Between-bott|B Within-bottle® Method of final determinatiof
MPhT 46.6+ 11.7 32.0+75 4.14+0.9
DPhT 48.2+12.1 29.0+ 6.8 51+1.1
TPhT 33.5+8.8 52+1.2 44+1.0

@ Uncertaintyon the CVs: Ug, = CV/(2n)2.
Singledeterminatioron the contentof eachof 8 bottles.
¢ Nine replicatedeterminationsn the contentof onebottle.

4 Sevenreplicatesof an extractsolution.
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Table 4 Stability testsfor phenyltinsat —20, +4, +-20 and+40°C

Compound Time (months) Temperaturg°C) R# U
MPhT 1 -20 0.99 0.02
3 —20 0.98 0.04
6 —20 0.97 0.13
12 -20 0.35 0.02
24 -20 0.31 0.07
36 -20 0.27 0.13
44 -20 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 -20 0.80 0.13
3 -20 0.99 0.08
6 -20 1.10 0.10
12 -20 nd® nd®
24 -20 4.33 0.18
36 —20 7.67 0.37
44 -20 7.13 0.31
1 +4 0.82 0.05
3 +4 0.92 0.12
6 +4 131 0.07
12 +4 nd® nd®
1 +20 0.99 0.24
3 +20 0.89 0.10
6 +20 0.82 0.18
12 +20 nd® nd®
1 +40 1.72 0.65
3 +40 0.39 0.05
6 +40 0.23 0.10
12 +40 nd® nd®
TPhT 1 —20 0.96 0.09
3 -20 0.95 0.03
6 -20 1.02 0.02
12 —20 0.71 0.04
24 -20 0.65 0.04
36 —20 0.68 0.23
44 -20 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

3R, = Xi/Xo, whereX; = meanof 3 replicateson eachoccasiorof analysigat+4, +20or +-40°C); X, = meanat startof stability study.
b Uy = (CV{2 + CVo): Ri; whereCV, = coefficientof variationof 3 replicatesat time t; CV, = coefficientof variationat Xo.
¢ nd, Not determined.
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CV is very close to the CV of the methodand,
therefore,no inhomogeneityof the material was
suspectedor 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
higherinhomogeneityeventhoughthe two studies
arenot easilycomparablesincethe level of intake
of the secondstudywas100mg 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.Bottleswerekeptat —20, +4 +20 and
+40°C, respectively,over a period of 12 months
and the compoundswere determinedat regular
intervals during the storage period. Tests were
made at the beginningof the storageperiod and
afterl, 3, 6 and12 months;thetestswererepeated
after 24, 36 and 44 monthsof storageat —20°C.
Samples were analysed using the procedures
detailed above for the homogeneity study; the
compoundswere determinedby performing on
eachoccasionof analysisonereplicatedetermina-
tion in each of three bottles stored at different
temperaturesAny 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 comparingthe contentsof different
analytesn samplesstoredat differenttemperatures
on various occasionsof analysiswith the t=0
values (at the start of the storageperiod). The
resultsobtainedonthesamplestt = 0 wereusedas
referencedor the resultsobtainedon eachoccasion
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 the samplesstored
at —20°C) respectively.

Table4 givestheratios(R;) of the meanvalues
(Xo) of threemeasurementsiadeaftera periodt at
the different temperaturesand the mean (Xp)
obtainedat the startof the stability study:

Rt = Xt/Xo ]

The uncertaintyU, hasbeenobtainedfrom the CV
of threemeasurementsbtainedaftertherespective
periodsat eachtemperature:

© 1998JohnWiley & Sons,Ltd.

Ur = (CV¢2 + CV?) V2R, 2]

CV; andCV, arethe coefficientsof variation of X;
and X, respectively.

In the caseof ideal stability, the ratios R, should
be 1. In practice,however thereare somerandom
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 —20°C.*? With respectto
phenyltins honeof thethreecompoundgestedvas
found to be stable at the different temperatures
testedjt is worth stressinghoweverthatTPhTand
MPhT degradationin samplesstoredat —20°C
seemedo reacha plateauafter a high degreeof
degradationoccurredafter six monthsof storage
(Table4).

The results of the homogeneityand stability
studieshamperedfor phenyltins,the possibility of
certification.Anyway, the participatinglaboratories
were invited to determine phenyltins in the
candidateaCRM 477in orderto provideinformation
regarding the state-of-the-artof these measure-
mentsin biological samples.

Design of the interlaboratory study

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

Laboratoriesverefurthermoreaskedto perform
arecoverytest,for the evaluationof the extraction
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 spiking experimentshouldbe
carriedout was provided. The protocol, discussed
in the first meeting, establishedhe equilibration
time, the spike solvent, the spike amount, the
temperatur@ndlight conditions,andsoon. Further
detailsare providedlaterin the text.

One of the most critical aspectsof speciation
analysisis the lack of calibrantsof suitablepurity
andstoichiometryfor calibrationand/orverification
of derivatizationyields.Thepurity of commercially
available organotin compoundsis often not ade-
guate while manyof thealkylatedderivatesheedto
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be preparedn-house.lt wasfelt that by providing
ultrapure calibrants, synthesizedand purified in

large quantities by an expert laboratory, some
errorsrelatedto calibration could be avoided.In

order to ensurethe bestconditionsfor 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 Departmentof Organic
Chemistryof the Free University of Amsterdam;
the purposewasto preparehighly purified butyltin

and phenyltincompoundgin the form of salts)as
well astheir ethylatedand pentylatedderivatives
for useascalibrationandrecoverytests.A detailed
descriptionof the preparationof calibrants,their
purity etc. is reportedelsewheré?

Recovery tests

During the initial meeting of the project it was
decidedthatatestfor recoveryevaluationvasto be
considerednandatory.

Participantaisingpentylationor ethylationasthe
derivatizationtechniquewere obligedto checkthe
derivatization yield by using the derivatized
compoundgethylatedand pentylatedprovided).

The evaluationof recoveryhadto be checkedby
spiking experiments. They were advised that
underivatizedspiking compoundsshouldbe used,
andgiventhelimited stability of theorganotinsalts,
that the spike solution should be preparedfresh.
Furtheradvicewasgiven asfollows.

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

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

A preliminary analysisshould be performedin
orderto obtainanideaof the organotinconcentra-
tion levelsin the sample.

The sameamountof sampleshouldbe takenfor
all spiking experiments.

Methanol (1-2ml) should be added to each
aliquot (100-500mg) for samplerewetting. Then,
1 ml of methanokontainingthespikingcompounds
shouldbe addeddrop wise to the aliquots.

All the aliquots should be left overnightunder
mechanicalagitation. All the aliquots should be
analysedn the sameday.

Participantsusing chromatographictechniques
shouldsubmitchromatogram®f the blank, of the

© 1998JohnWiley & Sons,Ltd.

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

For atomicabsorptiorandothertechniquesvith
ashortlinearrangetheremustbemorethanasingle
calibrationpoint; atleastbracketingshouldbeused.

Linearity rangesand a calibration curve should
be reported.

Results of recovery tests and their technical
discussionhighlighted the fact that experimental
conditionsin which spikingexperimentarecarried
out strongly influencethe recoveryitself and that
further efforts areneededn this field.

It is worth emphasizingthat the bestoperating
conditionsandchoiceof suitablematricesonwhich
spikingexperimentshouldbe carriedout arestill a
controversiamatter.

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

In any case,the guidelinesaimedto provide a
common protocol for spiking experimentsrather
thanthe bestone(mucheffortsis still necessaryo
identify the bestspiking procedure).

Analytical techniques

Techniques used by the participants were as
follows.

Ethylation/GC-AAS

The sample(ca 0.1 g) wasdigestedwith 10ml of
20% tetramethylammonim hydroxide (TMAH),

buffering with 1 ml of HCI and 2ml of sodium
acetate/acetiacid (pH 4). Extractionwas carried
out by addition of 10ml of methanol (with

ultrasonicshakingfor 1 h and mechanicakhaking
for 1 h). Recoveriesvereevaluateddy spiking the
musselmatrix with the different phenyltin com-
pounds: MPhT (95%), DPhT (94%) and TPhT
(98%). Derivatization was performed with 2%
NaBEt, in 2 mol I~* sodium acetate/acetiacid
mixture (shakingfor 1 h). Clean-upwas with an
aluminacolumn. Separatiorwas by capillary gas
chromatographyCGC)usinga column30m long,
0.32mm i.d.; DB-5 as stationaryphase,0.25mm
film thicknessheliumascarriergasat5 ml min~%;

andair andH, asmake-upgasesat 90 and 350mi

Appl. OrganometalChem.12, 621-634(1998)
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min~*, the columntemperaturgangedfrom 80 to
250°C. Detectionwashby AAS (detectortempera-
ture 750°C). Calibrationwasby standarcadditions,
usingorganotinchloride calibrantsin methanol.

Ethylation/CGC-FPD

First method

The sample(0.5 g) was extractedwith 2.5ml of
methanol (mechanlcaII}/ shaking for 2 h) and
12.5ml of 0.12 mol |17~ HCI (ultrasonic mixing
for 1 h). A 0.5ml portion of the methanolicextract
was buffered with 100ml ethanoatebuffer (pH
4.8),derivatizedwith 0.2ml of 2% NaBEY, solution
in deionizedwater,andback-extractedvith 0.3ml
of iso-octangextractioninto the organicsolventat
420rpmfor 45 min). Separatiorwasby CGCusing
a column 30 m length, 0.25mm i.d.; DB-1 as
statlonaryphase(polydlmethylsnoxane)D 25mm
film thicknessN, ascarriergasat0.7ml min~ tand
as make-up gas at 30ml min~% an injector
temperatureof 290°C; and a columntemperature
rangingfrom 80 to 270°C. Detectionwasby FPD
(detector temperature290°C). Recoverieswere
assessebly wetting 0.25g of samplewith 2 ml of
methanoffollowed by additionof 1 ml of methanol
solution containing the spiking compounds(four
additions);resultswere75%for MPhT and77%for
TPhT.Calibrationwasby standardadditions,using
organotinchloride compoundsn methanol.

Secondnethod

The sample (0.2 g) was extractedwith 8 ml of
acetic acid/H,0. Ethylation was performedwith
0.75%NaBEt, solution, simultaneouslyextracting
with 1 ml of nonaneduring a 3 min microwave
exposure (40 W). TPrT was added as internal
standardThederivatizationyield wasverifiedwith
ethylated compounds.Clean-up was performed
with an aluminacolumnfollowed by elution with
diethyl ether. Separationwas by CGC (25 m
columnlength, dimethylpolysiloxaneas stationary
phase,0.17mm film thickness;N, as carrier gas;
injector temperature250°C; column temperature
rangingfrom 120to 280°C). Detectionwasby FPD
(detector temperature350°C). Recoverieswere
evaluatedy spikingthereferencematerialat three
different levels; resultswere 81 + 8% for TPhT.
Calibrationwasby standardadditions.

SFE/ethylation/CGC~PD

The sample(cal g) wasextractedby supercritical
fluid extractionwith CO, and a mixture of acetic
acid and 0.2% tropolonewith hexaneas solvent
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(pressure50 atm, temperatureBO°C) Ethylation
was carried out with 2 mol |- ! ethylmagnesium
chloride. TPeT was added as internal standard.
Separationwas by CGC (column 30 m long,
0.25mmi.d.; DB-17 asstationaryphase0. 25mm
film thlckness H, ascarriergasat 5ml min™ LN,
asmake-upgasat 30ml min~*; injector tempera—
ture 250°C; columntemperaturgangingfrom 60
to 280°C). Detection was by FPD (detector
temperature800°C). Recoveriesvere assessetly
standard additions; results 654 3% for TPhT.
Calibrationwas by calibrationgraphand standard
additions,usingthe calibrantsprovidedby SM&T.

Pentylation/CGC-FPD

First method

The sample(ca 0.2 g) was pre-treatedwvith 50ml
HBr/H,0 mixture for 1 h andextractedinto 50ml
of 0.05% tropolone in dichloromethanefor 2h
undermanualand mechanlcalshaklng Pentylation
was carried out with 1 mol |~ pentylmagnesium
chloride for 1h; the derivatizationyield ranged
from 85 to 119% (verified with pentylatedcom-
pounds)Clean-upwasperformedwith Florisil, the
resulting extract being evaporatedto drynessby
rotary evaporationand undera gentleflow of N;
redissolution was carried out in a PeMe,Sn
solution in hexane. Separationwas by CGC
(column 15 m long, 0.53mm i.d.; SPB-1 as
stationary phase,1.5mm film thickness;He as
carrier gasat 1.2ml min~*; injector temperature
250°C; column temperatureranging from 80 to
250°C). Detectionwasby FPD (detectortempera-
ture 300°C). Recoveriesvere evaluatedoy three-
level spikingsof the musselmaterial;resultswere
166%for MPhT,77%for DPhTand99%for TPhT.
Calibrationwashby standardcadditions.

Secondnethod

The sample(ca 0.1 g) wasextractedwith 15ml of
0. 03%tropo|oneso|utlon in methanoland 1 ml of
12 mol I+ HCI by ultrasonicshakingfor 15min
and centrifugingat 3000 rpm for 10 min; this was
followed by additionof 15 ml dichloromethan@nd
100ml of 5% NaCl, with manualshakingfor 3 min.
Theresultingextractwasreducedo 1 ml by rotary
evaporatiorandto near-drynessinderan N, flow.

Pentylationwas performedwith 1 ml of 2 mol |- 1
pentylmagnesiumbromide in ethyl ether; the
derivatizationyields rangedfrom 85 to 119% (as
verified with pentylatedcompounds)Tripropyltin
was addedasinternal standard Separatiorwas by
CGC (column 30 m long, 0.53mm i.d.; methyl-
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phenylsilicon as stationary phase, 1.5mm film

thicknessHe ascarriergasat 9 ml min~; injector
temperature240°C; column temperatureranging
from 80 to 280°C). Detectionwas FPD (detector
temperatur40°C). Recoveriesvereevaluatedy
three-levelspikings; resultswere 88% for MPhT,
104%for DPhTand78%for TPhT.Calibrationwas
by calibrationgraph,usingthe calibrantssupplied
by SM&T.

Ethylation/CGC-MIP AES

First method

The sample(0.1 g) wasdigestedwith 5ml of 25%
tetramethylammoniumhydroxide (TMAH) with

stirring magneticfor 4h at 50°C. Derivatization
was by addition of 20ml of 0.1 mol I~* acetate
buffer (pH 5), 1.3ml of aceticacid, 1 ml of 0.6%
NaBEt, solution and 2ml of hexanecontaining
PeEtSnasinternalstandardshakingfor 5 min and
centrifugingat 3500rpm for 3 min; the derivatiza-
tion yield was verified by analysis of a spike
(without mussel)and found to be 100% for all

compoundexceptDPhT (44%o0nly). Clean-upvas
performedwith a columnfilled with aluminaand
elutionwith 0.5ml hexaneand 1 ml diethyl ether.
The combinedeluatewasreducedo 0.5ml usinga
gentle stream of N,. Separationwas by CGC
equippedwith programmedemperaturevaporiza-
tion (HP-1 column 25 m long, 0.32mm i.d.;

0.17mm film thickness;He ascarriergas;injector
temperaturd 5-20°C; columntemperatureanging
from 45 to 280°C). Final detectionwas by MIP

AES at 303.42nm. Recoverieswere assessethy
spiking0.1g tissuewith methanokolution,leaving
it overnight and evaporatingunder an N, flow

(three-level spiking); results were 68+ 8% for

MPhT and 75 4+ 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. The pH wasadjustedo
5 by addition of 20ml of 1 mol |~ acetic/acetate
buffer, 3.8 ml of glacialaceticacid,2 ml iso-octane
and 2 ml of 1% NaBEY, (shakingfor 5 min); this
was followed by centrifugationat 2500 rpm for
5 min. Tripropyltin was usedas internal standard.
Clean-upwas performedwith alumina.Separation
wasby CGC,followed by MIP AES detection.
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Ethylation/CGC-MS

The sample(ca 0.3 g) wasextractedby additionof
15ml of methanol,1 ml of concentrate@ceticacid
and 10ml of hexane. Derivatization was by
addition of 5% NaBEt,;, with simultaneousxtrac-
tion into hexanefor 15min. A small, constantflow
of reagentwas added continuously during the
15min extraction;water as addedto 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 |~ to
remove by-products of the reaction, and then
evaporatedo near-drynessTripropyltin wasadded
as internal standard. Separationwas by CGC
(columnof 50 m long, 0.20mm i.d.; HP—methylIsi-
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 5ml of

dilute HCI, 12ml of diethyl etherand0.3g NaCl.

Extractionwasby adding2 x 12ml of diethylether
with 0.25% tropolone, followed by evaporation
under an N, flow and drying with NaSO,.

Derivatization was performed with 2 mol |+

pentylmagnesiuntbromidein diethyl ether.Clean-
upwascarriedoutwith 5 g of 100%activealumina,
eluting with 6 ml hexane/diethylether mixture.

PhSnEt and PhySnEt were added as internal

standardsSeparationvas by CGC (column30 m

long,0.25mmi.d.; 5% phenyl/methylpolysiloxane
asstationaryphase250mmfilm thicknessjnjector

temperatureranging from 60 to 200°C; column
temperaturgangingfrom 60 to 280°C). Detection
was by MS (ion-trap MS). Recoveryexperiments
were performedby spiking 0.2g tissue at three
levels; resultswere 78 4+ 6% for MPhT, 80 4 26%

for DPhT and 58+ 4% for TPhT. Calibrationwas
by calibration graph, using pentylated organotin
compounds.

HPLC-ICP MS

The sample(ca 1 g) was digestedenzymatically
with 0.05g of lipaseand0.05g of proteasen a0.1
mol 17 citrate/phosphate-bufferednedium (ca
40ml) at pH 7.5; the mixture was kept overnight
at 37 °C undermechanicakhaking.Extractionwas
performedby three additionsof 10ml of dichlor-
omethane.The extract was preconcentratecby
rotary evaporatiorto drynessDilution of the dried
extractwasperformedwith 66% methanobnd33%
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DATA SET NUM REPLICATES.............c.ouu.n
07 GC-AAS .80400 723900 82400
6 .80200
03 GC-MIP S 1.84600 1.54600 1.47800
13 GC-MIP 1.15600 1.41200 1.07400
6 1.39300
04 GC-FPD S . 44000 .39400 .51500
10 GC-FPD 5 .67900 .74400 . 73400
11 GC-FPD 5 . 62500 .295C0 .56100
06 GC-MS 1.18000 1.18900 1.46700
1.4950C 1.51500 1.49600
12 1.47900 1.40400
11 GC-Ms 5 .71600C .28100 .69300

BAR-GRAPHS FOR LABORATORY MEANS AND ST.

07 GC-AAS

03 GC-MIP-AES |
13 GC-MIP-AES :
04 GC-FPD :
10 GC-FPD <k-> :
11 GC-FPD :
06 GC-MS :
11 GC-Ms j

|

i

|MEANS |

MEAN OF ALL INDIVIDUAL VALUES

MEAN OF MEAN VALUES

........................ MEAN ST.DEV
88200 78500
.80433 .04995
1.45000 1.64300 1.59260 .159989
1.23800 1.08000
1.22550 .14963
.41300 .63300 .47%0¢C .08761
. 66600 .69400 . 70340 .03416
.45500 .22400 .43200 .17063
1.47600 1.55400
1.45900 1.40400
1.42650 .1204¢
.26300 .59200 .50900 .22141
DEV.
000 1.400 1.800
L Fovieann Foiien Foviie. +
<=—-——- *ommm oo >
e Ko >
Cmmmmm *ommm>
_______________ >
.97708 ST.DEV. .45197
.89654 ST.DEV. .45665

Figure 1 Monophenylth (mg kg™t asMPhT) in CRM 477.

mobile phasg70%MeOH and30%of 0.03mol 1
agueouscitrate buffer). Separationwas by HPLC
(gradientelution, cation exchangewith Partisil-10
SCX, 2 x 25cmlong, 4.6mm i.d.; 10mm particle
size). Final detectionwasby ICP MS. Recoveries
wereassesseby spiking the CRM; the resultwas
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27 + 3% for TPhT. Calibrationwasby calibration
graph,using TPhTClascalibrant.

HPLC—fluorimetry
The sample(ca 0.25g) wasdigestedwith 20 ml of
0.6 mol I"* HCI and2.5 mol I~* NaCl in aqueous
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DATA SET NUM REPLICATES.............vuu.n
07 GC-AAS .119¢0 10200 09400
6 .121¢0
10 GC-FPBD .10600 .07600 .08700
6 .09000
11 GC-FPD 5 .06900 .06900 .09500
06 GC-MS .12100 .15800 .20400
.17000 .14600 .26100
12 .16100 .15300
11 GC-Ms 5 .3290C0 .17000 .38800

BAR-GRAPHS FOR LABORATORY MEANS AND ST.

07 GC-AAS
10 GC-FPD
11 GC-FPD
06 GC-MS Cmmmm e bmmme >

11 GC-Ms

|MEANS |

MEAN OF ALL INDIVIDUAL VALUES :

MEAN OF MEAN VALUES

631
...................... MEAN ST.DEV
09700 11200
.10750 .01147
.05700  .07800
.08233 .01638
.14000  .19400 .11340 .05358
.15000  .13500
.14400  .17300
16467 03680
.15900  .18400 .24800 10517
DEV.
250 .350
..... T TR T RS I
e e — — >
.14447 ST.DEV. .07076
.14278 ST.DEV. .06499

Figure 2 Diphenyltin (mgkg~* asDPhT)in CRM 477.

solution,andadditionof 2 x 10 ml of ethyl acetate,
followed by mechanicalshaking for 30min and
centrifugation at 10000 rpm for 20min. The
combinedextractswere washedwith 10ml of 0.5
mol 1! NaHCQ; and 1 mol I~ NaCl, shaken
manuallyfor 2 min andcentrifugedat 2000rpm for

5min. Ethyl acetate (5ml) was added to the
washingaqueougphaseandthe organicphasewas
evaporatedto drynessby rotary evaporationat

35°C, followed by additionof 2.5ml of methanol.
Thefiltered methanolicphasewasinjectedinto the
HPLC column (cation exchange,Partisil SCX,

25cmlong,4.6mmi.d.; 10 mm particlesize).Post-
column derivatizationwas carried out with 0.02
mol 1~ Triton X-100 and 3,3,4,7-tetrahydroxy-
flavoneataflow rateof 3 ml min~?. Final detection
was by fluorimetry. Recoverieswere assessethy

© 1998JohnWiley & Sons,Ltd.

spikingthe CRM at onelevel (threereplicates)the
resultwas89+ 3% for TPhT.

Analytical results

Laboratoriesusing gas chromatographycoupled
with atomicabsorptiorspectrometryfAAS), flame
photometric detection (FPD) and mass spectro-
metry (MS) wereableto provideresultsfor all the
phenyltin compounds.Laboratoriesusing micro-
waveinductively coupledplasma—atomiemission
spectroscopy (MIP AES) after gas-chromato-
graphicseparatiorprovidedresultsfor mono-and
tri-phenyltin; diphenyltinresultswerenot provided
becausef the extremelypoor recovery(lessthan
30%) found in at leastone out of two laboratories
usingthis technique Finally, the laboratorieausing
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DATA SET NUM REPLICATES. ... .t titiiiiittiinntniannnnneeanannns MEAN ST.DEV
12 HPLC-FLUC 1.40000 1.36000 1.46000 1.43000 1.55000
9 1.47000 1.4%000 1.49000 1.50000 1.46111 .05711
03 GC-MIP 5 2.54300 2.23300 2.13000 1.92400 2.02700 2.17140 .23751
13 GC-MIP 1.81300 2.08800 1.53200 1.72400 2.0170C0
6 1.83700 1.83517 .20087
02 GC-FPD 1.52100 1.31700 1.43300 1.47400 1.44000
6 1.47000 1.44250 .06893
0S GC-FPD 1.71000 1.62000 2.,10000 2.32000 2.33000
6 1.91000 1.99833 .30262
10 GC-FPD 1.06100 1.09600 1.14000 1.07200 1.09300
6 1.00800 1.07833 .0438¢
11 GC-FPD 5 1.42200 1.36900 1.52200 1.56100 1.33900 1.44260 .09604
06 GC-Ms 1.47000 1.47000 1.66000 1.56000 1.63000
1.50000 1.54000 1.34000 1.53000 1.48000
12 1.52000 1.52000 1.51833 .08156
11 GC-Ms 5 2,25500 1.70000 2.32700 1.80900 1.97600 2.01340 .27300
09 HPLC-ICPMS .63000 .69000 .635000 .61000 1.02000
6 1.42000 .83667 .32383

BAR-GRAPHS FOR LABORATORY MEANS AND ST. DEV.

12 HPLC-FLUO PN
03 GC-MIP-AES

13 GC-MIP-AES

02 GC-FPD PN
05 GC-FPD

10 GC-FPD o>

11 GC-FPD Cmmkmr>

11 GC-MS

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
06 GC-MS ek >
|
|
!
09 HPLC-ICPMS <---—m-=mn S > |

|

|

M

|MEANS | Commemmm—————m

MEAN OF ALL INDIVIDUAL VALUES : 1.55535 ST.DEV. : .41458

MEAN OF MEAN VALUES : 1.57978 ST.DEV. : .42657

Figure 3 Triphenyltin (mg kg™t asTPhT)in CRM 477.
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liquid chromatographycoupled with inductively
coupledplasma—masspectrometry(ICP MS) and
fluorimetry were able to determine triphenyltin
only.

Technical discussion

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

Fortriphenyltin,the effectof theuseof methanol
and drying (blowing down) the samplein the
derivatization step (Grignard reaction) was dis-
cussedlt seemedclear that, under certain condi-
tions, degradatiorproductscould be formedwhich
would lead to significant analytical uncertainties,
particularlyif theextraction/derivatizéon weretoo
long. Degradatiorcould be photo-induced.

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

The relatively large standarddeviationobtained
in HPLC—-ICP MS was discusseddifficulties in
optimization of 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, the spike
solventthespikeamountthetemperatur@andlight
conditions.etc.)andthe problemsof degradatiorof
calibrantsverediscusse@ndwill bethesubjectsof
further studies.

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

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

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

CONCLUSION
The stability study of phenyltinsin the candidate
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CRM 477, performedover44 months showedhigh
degradationof thesecompoundsevenwhen they
werestoredat —20 °C. Consequentlyowing to the
different degradationfrom bottle to bottle), the
inhomogeneityof the materialincreasedover 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
technicaldiscussiorhelpedlaboratoriego identify
possiblesource®f error,andprovidedasupportfor
future improvementsin the quality of these
measurements.

An attemptto certify phenyltins,togetherwith
otherorganotincompoundsin sedimenmaterialis
in progress.
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