* Al
@ & & HCGHI.%%

UNITED NATIONS ENVIRONMENT PROGRAMME DECEMEBER 1994

Determination of organotins
~in environmental samples

Reference Methods For Marine Pollution Studies No. 59

UNEP 1994



NOTE: This docwwnend has beer prepared jointly 9y the Intergovernmental Oeeanographic
Commissive  (EOC), the International Atomic Epergy Agency, Marine Eovironment
Laboratory {EAEA-MEL) and the United Natinns Envirpament Programme (UNEP) under
profect FP 5102-88-03 and FPMES101-93-03(30323),

Far bibliographic purposes this document may be cited ax:

UNEF/IOCTAEA: Determination of erganeting in epvirgnmental samples.  Refereace
Methods for Maripe Pollotinn Studies No. 59. UNEP, 1994,



TREFACE

The Repionat Seas Programme was inftiated by UNEP im $974, Since then the Governing
Council of UNEP has repeatedly endorsed a regional approach to the control of marine pollatlon
and the management of marive and coastaf respurces and has requesied (he development of
repional action plamg, The Regional Seas Programme at present includes 12 reglons and has some
140 coastal States participatiog in it (1), (2).

e of the basic componentz af the action plans spgpsorcd by UNEFP in the framework of
the Regional S5eas Programme is the assessment of the state of the marine environment and of jits
resources and of the sources and trends of the pollution, and the impact of pollation on human
health, marine ecosysiems and amenibies. In order to assist those participating in this activity and
to ensure that the data obtained throwph this assessment can be compared on a world-wide basis
and thus contribnte to the Global Environment Monitering System (GEMS) of UNEPR, 3 set of
Reference Methods and Goidelines for marine pollution studies is being developed as part of a
pragramme of comprehenshve techndeal support which ineludes the provision of expert advies
reference methods and materiols, trainiog smd data quality assoramec {3} The methods are
recommendéd to he adopted by Governmments participating in the Regional Seas Irogramme,

The methods and ghidelines are prepared in co-operation with the relevant specialized
bodics of the United Nations systems as well as sther prganizations and arc tested by a number of
experts competent in the ficld relevant to the methods describod.

In the description of the methods and guldelines the style wsed by the lnternational
Organizatien for Standardization (150) is followed as closely as possible,

The methods and guidelines, as published in UNEP's series of Reference Melhods for
Marine Pollutinmr Studies, are not eonsidered as final. They are planned to ba periodizally revised
taking Into account che development of oor oaderstanding of ihe problems, of analytical
instrumentation and the actual need nf the users. In order to Facititate these revisions the wsers
arg invited 10 convey their comments and seg@estions bo:

Mating Environmental Siudics Laboratory
IAEA Marine Enviranment Laboralory
B.P. No. 800

MC-98012 MONACO Cedex

which is responsible far the technical ca-nrdinnation of the developmend, testlng and intercalibration
uf Referemce Methods.

{I3) UNEPFP: Achievements and pianmed development of the YNEP’s Reglonal Seas
Frogramme and comparable programmes sponsored by ather hodies. UNEF
Regional Sens Reports and Studies Ne. 1. UNEP, 19382,

(2) P. BULM: A atratepy for the Seas. The Repional Seas Programme: Pasi and Future.
LNEP, 1983,

{3) UNEPFJIAEATOC: Reference Methods and Materials: A Programme of comprehensive
support for regional ard global marine pollution asgessments. TNEP, 1994).
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The present decument was prepaied by Dr. M. ‘Waldock of the Mimistry of Apricubiure,
Fisheries and Food, Fisheries Laboratory, Burnham-on-Croach, United Kingdom. The methads
described within this Refercnee Meihod have proven {0 be robust and effective withim monitoring
programmes. Varions choices are afforded within the methods described to allow for the
availability of equipment, etc. and rapge from simple screening for arganotn contamination wsing
Eess specialist atomic abzorption eqoipment, to high resolution separation and sensitive and sclectlve
quantification of individasl species. The decument does noi attempt io provide detsils of all
available techniques. Furibher information concerning other pmi%nls can he Found through a

UNEP bibliography on marine pollution by organotin mn@numls . nr alternatively throuwgh a
review article by Miller ef al on the analysis of organoting .

(4) UNEF: Biblapraphy on marine pollutlon by orgamotin compounds. MATP Technical
Reports Series No, 35. UNEP, Athens, 1989,

(%) D. Miiller, L. Renberg and G. Rippen (1989): Tributyltin in the Environment - Sources,
Fate and Deiermination. An assessmeni of Present Status and Rescarch Needs.
C here, 18 (9/10 2,
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1. SCOPE AND FIELD OF APPLICATION

This publication describes reference methods for the determinafion of corganotin compounds in
environmental samples. Inpws of organotin compounds to the aquatic environment arise from the
usc of triorganotins as biocides and dierganoting as catalysts and stablisers in the plastics industry.
Trbutyltin {TBT) and triphenyltin (TPhT} compounds are widely used as the toxic component in
boat antifouling preparations. Either compound may be simply mixed inip the paint matrix, but
tributyltin may bc uscd in a copolymer formulation, chemically bonded to methyl methacrylate to
provide u self polishing paint which chemically erodes by bydrolysis of TBT from the methacrylate
chain. This controlled release of foxin confers a much lonper active life to the paints, and henec
TBT based formulations have become the most commonly used antifouling preparations in Europe.
TBT and TPhT are alse used In amtifouling preparations to protect nets used to contain safmon in
mariculture. Indirect inputs of TPhT to the aquatic environment may also oceum as a result of the
use of TPhT in agriculture as a fungicide, and from TBT uscd as & timber preservative.

TRT is commonly detected it environmentat samples close to harbours, and popular pleasure-craft
centres. In water, sediments and shellfish, the parent compound is most abundant, but the breakdown
praducts dibutyltin and monobutyltin and inorganic lin may also be found. The breakdown toute for
TPhT is also by sequential de-arylation to inorganic tin. Typically, concentrations of TBT found in
harbour waters may be in the upper nanogram to microgram per bire range, and more remete from
harbours, but within the same estnaries, in the sub- fo tens of nanograms per litre range.

Such concentrations are toxic to a variety of marine and freshwater species, and molluscs have been
shown to be particularly sensitive to TBT. The lowest conceniration of TBT koown tw elicit a
biological effect is for the dagwhelk Nucefla lapillus which exhibits a phenomenon termed imposex,
whereby male sexual characteristics are imposed on the female of the species. Sterility of female
dogwhelks occurs at approximately 5 ng TBT I'! and the no-effect concentration for the response has
been estimated to be less than one nanogram per litre (Gibbs ar af, 1988).

Since organotins arc highly toxic to aquatic organisms, methods of analysis must be adequate for the
determination of trace quantities (nanograms per litre or gram) of analyte. The methods described
here are designed to be rapid and robust and should allow the processing of large numbers of
samples in support of moniforing programmes.

Methods fall into two categaties, (a) those using Atomic Absorption Spectrophotometry (AAS), and
(&) those using Gas Chromatography (GC). The former allow screening for organotin contamination
of samples using less specialist equipment. The Jatter are recomimended for sensitivity, and detailed
speciation. :
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3. GENERAL CONSIDERATIONS AND SAMPLE HANDLING

Contamimation and losses:

Contamination of laboratory apparatus with organotin compounds arises from the use of diorganotin
stabilising compounds in many plastics, e.g. PVC, and use of such materials should be avoided.

[Towever, organotins are readily adsorbed onte glassware, and losses may oceur during use of glass
equipment. The methods deseribed here use the minimum of glassware and wherever possible use
the same vessel for sampling and extraction.

Preparation of glassware:

Before use, all glassware is soaked in a suitable non-contaminating laboratory detergent {e.g. 10%
Pyroneg) for 8h, then rinsed with tap water and soaked for a further 8h in conc. HCI (Analar).
Finalty it 18 rinsed in double distilled water and dried in a slass oven at 50°C,

Sample collection and storage:

Waler samples are collected in 2.7 1 glass bottles with PTFE lined screw capped lids. Before use
they are rinsed with cone. HC), tap water, and finally solvent rinsed.

During use, water sampling bottles are cither hand held (for surface and sub-surface samples) or
mounted in a weighted stainless stecl frame, which is deployed by mesns of a nylon rope (see fig.
1). Water samples are stored in a cool room (4 “C) and extracted within 48 h of collection. Lixtracts
have been held at -20°C for several months with no measurable breakdown of TBT. TBT hydrides
do, however, revert to TBT chlorides on storage and ip (he hyidnde derivative echnique for organotin
speciation, additional sodium borohydride is added to extracts if previously stored (see Section 5).

Shellfish are stored as whole animals in polyethylene bags, and held al -20°C, After dissection and
homogenisation, samples may also be stored by freezing in glass jars. No measurable breakdown
of TBT in stored samples has been recorded after holding at -26°C for six months.

Sediment samples are collected by scraping the surface layer (top 1 cm) into clean glass jars, using
a PTFE coated spatula. Samples are stored at -20"C prior to analysis.
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Fig. 1. Stainless steel and PTFE water sampler.



4. ATOMIC ABSORPTION SPECTROPHOTOMETRIC METHODS

4.1. DETERMINATION OF TOTAL TIN CONCENTRATIONS IN WATER

4.1.1. PRINCIPLE

Watecr samples arc acidified, tin containing compounds are bound to a complexing agent (tropolone),
and extracted into toluene.  The extract is analysed by elecirothermal atomic absorption
spectrephotometery (EAAS). The detection limit is apprex. 0.1 pg 1! 8n in the original sample.
4.1.2. REAGENTS

Hydrobromic acid, 47%, s.g. 1.46-1.49 (c.g. AnstaR).

Toluene/tropolone reagent: 1.25g tropolone (pure; m.p. 49-51°C) dissolved in 2.5{ toluenc {99.5%
or betier e.g. AnalaR).

Bis (tributyltin) oxide |hexabutyldistannoxane] (TBTO) standards (97.6% pure or better). Stock
golutions are prepared from (L1512 g {allowing for impurity) TBTO dissolved in glacial acetic acid
and made up to 30 ml. Intermediate stock solutions are prepared by serial dilution into placial acetic
acid to 10 mg 17 (w.s.1) and I mg 17 (w.s2). These are stable for at least three months.

Instrument calibration solutions (in toluene) in the range 0.005 to 0.2 mg 1" are prepared by adding
suitable aliquets of ws. 1 or 2 to 10 ml toluene.

4.1.3. APPARATUS

11 glass sampling botilex (calibrated at 750 ml), with PTFE lined screw-capped lids. .
Polysthylene capped centrifuge tubes, 1.9 ml capacity.

A range of volumetric flasks, graduated measuring cylinders and pipettes.

An orbital shaker capable of holding the sample bottles.

Centrifupe with rotor to accept the centrifuge tubes described above.

An atomic absorption spectrophotometer adapted for electrothermal operation to be operated in
accordance with the mamifacturers instructions. The use of an auntosampler is beneficial.



4.1.4. METHOD

750 tnl of water is collected in a calibrated 1 1 glass sampling bottle, 20 ml of hydrebromic acid are
added, mixed and allowed 1o stand for 15 min. 25 ml of the teluene reagent is added and the bottle
capped. The bottle is then shaken on an orbital shaker for 10 min. After standing to allow phase
separation, the toluene extract is transferred to a polyethylene centrifuge tube and centrifuged at 2500
rpm for 5 min to separate traces of water from the solvent. The toluene extract is then analysed by
electrothermal atomic absorption spectrophotomeiry (EAAS).

Calibration standards in the range 0.005 mg 17 to 0.2 mg I'' Sn in toluenc are prepared from the
intermediate stock solutions(see Section 4.1.2.). Duplicate reagent blanks are prepared using tin-free
distifled water and analysed with each baich of samples. Spiked samples are prepared to monitor
extraction efficiency. The samplc cxtracts arc rcasonably stable, but if not analysed immediately
aller preparaiion, should be stored in the dark and cool (4°C) o prevent photolytic decay and
evaporative loss, and analysed within 24 hours. :

AAS operating conditions:

The lollowing conditions have been found to pive optimum performance on a PyelUnicam SP 9;
Wavelength 2263 nm

Denterium background eorrection

Uncoated graphite tubes

Dry 120,C 35 s00
Ash 600°¢ 30 sec
Atomise  2800C 3o
Clean up 2900 C 3 sec



4.1.5. SUMMARY OF METHOD
Total tin in water:
Sample, 750 mi water/blankfrecovery standard
add 20 m! HBr
Stand 15 min
add 25 ml tolueneftropolone
shake
stand
loluene extract iv cenirifuge Lube
cenir-ifuge

analyse by EAAS

4.1.6. CALCULATION OF RESULTS

The concentration of @in {C) in the samplc 15 given by:

where:

T = concentration of tin measured in the toluene extract in pg ml”

v = volume of extract in ml

Y = volume of sample laken I lifres

Rf = recovery facior for the determination of a known amount of stanmous chloride spiked into a lin
free sample (see 4.1.7.).

4.1.7. PRECISION AND ACCURALY

The rccovery of stannous chloride spiked into a tin free sample al a concenfration ol 1 ug 1" was
found to be 81% (SD=7, n=8)(Rf=(.%1). The technique of standard addifions to samples has
generally shown that the method is generally free from matrix interferences. Parks er of. (1985) have
listed some possibie matrix interference problems, and where mairix problems arc suspected, standard
additions should be used (o verify results, '



4.2. DETERMINATION OF ORGANOTIN CONCENTRATIONS IN WATER

4.2.1. PRINCIPLE

By omission of the tropolone complexing agent in the previous method (Section 4.1), organctin
compounds are extracted, but not inorganic tin compounds. In this procedure glacial acetic acid has
been demonstrated o give better cxtracimn efficiency than HBr for organotins. The detection limit
of the method is approx 0.04 ug ' Sn in the original sample,

d.2.2. REAGENTS

Toluene, 29.5% purity or better {e.2. AnalaR).

Glacial acetic acid, s.g. 1.049, 99.8% (e.g. AnalaR).

TRTO standards {97.6% pure or better). Stock solutions are prepared from 0.0512 g (allowing for
impurity) TBTO dissolved in glacial acetic acid and made up to 50 ml. Intermediate stﬂ-::k zolutions
are prepared by serial dilution into glacial acetic acid to 10 mg I' (w.s.1) wd 1 mg I (w.s2).
These are stable fﬂl’ at least three months. Instrument calibration sshitions (in toluene) ranging from
0.005 to 0.2 myg I"" are prepared by adding suitable allquats of ws. 1 or 2 to 10 ml toluene.

4.23. APPARATUS

2.7 1 glass sampling hottles (calibrateﬂ at 2 fy with PTFE lined screw-capped lids.

Polyethylene capped centrifuge tubes, 1.9 mf capacity.

A range of volumetric flasks, graduated measuring cylinders and pipettes.

An orbital shaker capabie of holding the sample bottles.

Centrifuge with rotor to accept the centrifupe tubes described above.

An atomic abscrption spectrophotometer adapted for electrothermal operation to be operated in
accordance with the manufacturers instructions. The use of an antosampler is bencficial.
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4£24. METIIOD
The procedure is essentially the same as described for tofal tin, but 25 ml of toluens is substituted
for the tolueneftroplone reagent used in method 4.1.

A 2 1 sample of waicr is collected in a calibrated 2.7 | boitle. 50 ml of glacial acetic acid are added,
mixed and allowed to stand for 15 min. 25 m! of toluene is added and the boitle capped. The botile
is then shaken on an orbital shaker for 10 min. After standing to allow phase scparation, the tolucne
extract is transferred to a polycthylene cenfrifuge fube and centrifuged at 2500 pm for 5 min to
separate traces of waler from the solvent. The toluene extract is then analysed by electrothermal
atomic zbsorption spectropholometry {EAAS).

Calibration standards in the range 0.005 mg 17 to 0.2 mg 1" Sn in toluene are prepared from the
intermediate stock solutions (see secion 4.2.2.). Duplicate reagent blanks and spiked samples are
prepared using tin-free distilled water and analysed with each batch of samples. Spiked semples are
prepared to moniter extraction efficiency.

The AAS operating conditions are described in Section 4.1.4

4.2.5. SUMMARY OF METHOD

Organoting in Water:

Sample 2l/blank/recovery standard
add 50 ml acetic acid
stand 15 min.
add 25 ml toluens
shake
stand
decant foluene extract to centrifugc tube
centrifupe

analyse by EAAS



4.2.6. CALCULATION OF RESULTS

‘The concentration of organotin (as TBT equivalents) {C} in the sample is given by:

where:

T = concentration of tin measured in the toluene extract in gg mb"

v = yolume of extract mn ml

V = volume of sample taken in litres

Rf = recavery factor for the delerminalion ol & known amount of TBT spiked into a tin free sample

(see 4.2.7).

4.2.7. PRECISION AND ACCURACY

Typical recoveries of TBT by this method are 96 + 13% (Rf=0,96), hut in thc hands of a skilled
analyst can be better, In an intercalibration exercise organmised by the US National Burean of
Siandards in 1986, a reference water was supplied containing an undisclosed concentration of THT.
After 1000 fold dilution, the above meshod produced a result of 1.06 pg I'' (SD= 0.05, p=5). The

standard was later certified to contain 1.06 + 0.05 mg Ty (3lair ot al, 1986).

Recovery of dibutyltin hy this method is low {approximately 16%) because DBT is more water
soluble than TBT and does not readily partition into the solvent phase.

The AAS methods described in Sections 4.1 and 4.2 above were developed by M&T Chermicals Lid.
{see Trachman et &/, 1977 for background), and use of the organotin method has been deseribed for
seawater {Cleary and Stebbing 1985), Cleary has since increased the scnsitivity of the method
approximately 10 fold by introducing an evaporation step at the end of the procedurc (Cleary
pers.comn., Anon 1992}, See also Parks of of (1985) for descriptions of possible matrix
interforences.  The Upited Kingdom Standing Committee of Analysts also recommend lanthanum
coated furnace tubes to increase sensitivity (Anon 1992).

JLI]
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4.3. THE DETERMINATION OF TOTAL TIN CONCENTRATIONS
IN SHELLFISH TISSUE

4,3.1. PRINCIPLE

Shellfish tissue is dispersed by mixed acid r;hgestmn, tofal tin 15 extracted by toluene and ﬁ'ﬂpﬂl(}ng
and analysed by EAAS. The lmit of detection is 0.05 pg Sn g wet weight in the original sarnple.
4.3.2. REAGENTS

Nitric acid, 70%, s.g. 1.42 {e.g. AnalaR)

Sulphuric acid, 98%, s.g 1.84 (e.g. AnalaR)

Perchloric acid 7%, s.z. 1A} (e.g. AnalaR).

Hydrobromic acid, 47%, 5.£.1.46-1.49 (e.g. AristaR).

Tolueneftropolone reagent: 1.25g trapolone {pure m.p. 49-51°C) dissolved in 2.51 toluene (92.5% or
beller ey, AnalaR).

TBTO standards (97.6% pure or better). Stock solutions arc prepared from 0.0512 g (allowing for
impurity) TBTO dissolved in glacial acetic acid and made up to 50 ml. Intermediate stock solutions
are prepared by serial dilution into glacial acetic acid to 10 mg I* (w.e.1) and | mg 1" (w.s.2).
These are stable I'ﬂr at least three months. Instrument calibration selutions (in teluene) ranging from
0.005 to 0.2 mg 17 are prepared by adding suitable aliquots of ws. 1 or 2 to 10 ml toluene.

4.3.3. APPARATUS

Top drive all stainless steel homogeniser (c.g. Ultraturrax).

30 ml capacily glass centrifuge tubes with PTITE lined screw-capped lids.

A range of volumetric flasks, pradusted measuring cylinders and pipettes.

A heating block capable of heating the centrifuge tubes to 100°C.

A wrist action shaker eapable of holding the centrifuge (ubes deseribed above.

Centrifuge with rotor (o agecepl the centrifuge tubes described abowe.

An atomic absorption spectrophotometer adapted for electrothermal operation to be operated in
accordance with the manufactirers Instructions,  The use of a0 avtosampler is benelcial.



4.3.4. METHOD

Ig of wet fissue bomogenate is digested with 5 ml 1:1 nitric/sulphuric acid in 2 heated open
centrifuge tube {100°C for 4 h.). 0.5 ml of perchleric acid is then added and the digesi heated for
anoiber hour, After cooling, 23 ml of distilled water is added, followed by 2 ml of hydrobromic
acid. The aqueous extract is then extracted by 5 ml of toluene reagent by shaking for 20 min. The
toluene extract is then analysed by EAAS (sce scetion 3.1.4.). Duplicate procedural blanks and
guality control tissues are analysed with each batch of samples. Tissues spiked with TBTO are used
to rmonitor extraction efficiency. '

The sample extraceés are stable, but if nol apalysed immediately after prepamation should be stored
cool (4°C) 10 prevent evaporative loss, and analysed within 24 hours.

4.3.5. SUMMARY OF METHOD

Total tin in Shellfish:

1 g sample/AQC material/blank/spiked sample
add nitric/sulphuric acid
heat 100°C 4 b.
add 0.5 ml pErchloric acid
heat 100°C:1 b
cool, add 23 ml water
add 2ml HBr
extract into Sml toluenefiropolone

analyse by EAAS

12



4.3.0. CALCULATION OF RESULTS

The concentration of organotin (as Sn cquivalents) (C) in the sample 15 given by:

where:

T = concentration of tin measured in the tolucne extract in pg ml?!

v = volume of extract in ml

W = weight of sample in g

Rf = recovery factor for the determination of a known amount of stannons chloride spiked into a tin
free sample (see 4.3.7).

4.3.7. PRECISION AND ACCURACY

The mean recovery of stannous chloride spiked inte ovster tissue at a concentration of 1 pg g1 was
found to be 95% (SD=16; n=8)(Rf=0.95). The technique of slandard addilions o samples has shown
that the method is generally free from matrix interferences. Parks er af (1985} have listed some
possible matrix inlecfrence problems, and where matrix problems are suspected standard additions
should be used to verify resulis,

4.4. THE DETERMINATION OF TRIORGANOTIN CONCENTRATIONS
IN SHELLFISH TISSUE

4.4.1. PRINCIPLE

As in the method above, the tissue is dispersed in acid and organotin extracted by solvenl.
Specificity for tricrganotin compounds is achieved by washing the solvent with sodium hydroxide
to parlition mono- and diorganotin compounds into the aqueous phase. The solvent <xtract
containing triotganctin compounds is then analysed by EAAS. The limit of detection of the method
is approx 0.04 pg 2’ 8n in the original sample.
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4.4.2. REAGENTS
Hydrochloric acid, 35.4%, s.g. 1.18 (e.g. AnalaR),
Sodium Hydroxide 99% (c.g. AnalaR).

Hexane (plass distilled grade).

4.4.3. APPARATUS

Top drive all stainless steel hormogeniser {e.g. Ultraturrax).

30 ml capacity glass cenirifuge tubes with PTFE lined screw-capped lids.

A range of volumetric flasks, graduated measuring cylinders and pipettes.

A wrist action shaker capable of holding the centrifuge tubes described above.
Cenftrifuge with rotor to aceept the cenirifuge tubes described above.

An atomic absorption spectrophotometer adapted for electrothermal opcration to be operated in
accordance with the manufacturers instructions. The use of wn autosampler is beneficial.

4.4.4. METHOD

L.5g of wet ttssue homogenate is dispersed (by shaking by hand) with 10 ml concentrated HCI in
a centrifuge tube. 10 ml of hexans is added and the extract shaken for 30 min, and then centifuged
at 2500 rpm for 15 min. Four ml of the hexane extract is transferred to another centrifuge tube and
8 ml of 3% sodium hydroxide added. The extract is shaken for 10 min, it is then centrifuged at 2500
tpm for 15 min, and an aliquot of the hexane exiracl analysed using EAAS (Section 3.1.4).

Duplicate procedural blanks and a quality comtrol tissue are analysed with each batch of samples.

Few certified reference materials are avnilable for TBT analysts (the National Research Council of
Canada, Marine Analytical Chemistry Stundimds Program malerial PACSI is certified for TBT, DBT
and MBT) alternatively quality control tissues may be prepared in house by collection of a large
amount of natwrally contaminated shellfish from harbour arens. Tissues spiked with TBTO are used
to monitor extraction efficiency.

The slmple extracts are reasonably stable, but if not analysed immediately after preparation should
be stored in the dark and cool (4°C) to prevent photolytic dma]r and evaporative loss, and analysed
within 24 hours.



44,5, SUMMARY OF METHOD
Triorganotins in Shellfish:
1.5 g sample/AQC material/blank/spiked sample
disperse with 10 ml HCI
add 10 ml hexane
shake 30 min.
CB]]t[‘Tﬁ.lgﬂ
decant 4ml hexane and add 8 ml sodium hydroxide
shake 10 min.
centrifupe

analyse hexane by EAAS

4.4.6. CALCULATION OF RESULTS

The concentration of erganotin (as TBT equivalents) (C) in the sample is given by;

= e x 2.5 pg g’ TBT

where:

T = concenitation of tin measured in the toluene extract in xeSn ml™

v = yplume of cxtract in m!

W = weight of sample in g.

Rf = recovery factor for the delermination of a known amount of stannous chleride spiked into a tin
free sample {scc 4.4.7).

4.4.7. PRECISION AND ACCURACY

The recovery of TBTO spiked into shellfish tissue samples was found to be 100% (SD=6
a=8)(Rf=1). In an intercomparison of methods for analysis of mussel tissue, the methed gave resulls
at the lower end of the reported range of results, e.g. (.18 ug g! SD 0.2. Mean of all samples 0.26

g ¢ (Stephenson el al, 1987).

The above methods for tissue analysis were based on those developed by M & T chemicals Ltd. and
are essentially those deseribed by Bryan ef el (1986). Sce also Docley e af. (1936).



GAS CHROMATOGRAPHIC METHODS

31. SPECIATION OF ORGANOTIN HYDRIDES IN WATER BY
GAS CHROMATOGRAPHY

5.1.1. PRINCIPLE

Organotin compounds are reduced to the hydride form (fo improve compatibility with capillary GC
analysis) and simultaneously extracted into dichloromethane, The extract is reduced in volume and
injected into a gas chromatograph fitted with a flame photomeiric detector (FPD). The limit of
detection for TRBT compounds is approximately 1 ng I". The method was devefoped by Matthias
&t o (1986). Tt should be noted that the methed is also suitable for the determination of triphenyltin
(TPhT) compounds. 1lowever the flame phetometric detection method is less sensilive for TPRT and
detection limits are an order or magnitude higher.

3.1.2. REAGENTS
Sodium borohydride pellets 0.25 g, Atomic absorption spectroscopic grade (s.g. Spectrosol).
Dichioromethane (glass distilled grade}).

Authentic slandards:

Butyltin trichloride

Dibutyltin dioxide

Bix (iributyllin) oxide

Tripropyltin chioride (Internai standard).
Triphenyltin chloride.

Stock solutions of monobutyitin and dibutyltin compounds are prepared by dissolntion in methanol
and those for tributyiting in dichloromethane, lodividual stock solutions of standards arc prepared
by dissolving 60 g of cach compound in 100 ml of solvent w preduce a sohstion containing 0.6
mg m}”' of each compound.

Individual working solulivns are prepared by dissolving 0.5 ml of slock solution in 30 ml of
dichloromethane to give 6 ug ml™.

A 20 pl aliguot of milernal siandard (tripropyltin ¢hloride) is added 10 each 2 | sample.
A composite working solution may be prepared by mixing mono- di- and triorganotin species. This
composile may be deravilized by the exiraction method listed below ind wsed lo detcomine the

recovery of alkyltin compounds and ithe relative respnnse factors for each compound defected by the
flame photometric detector.
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5.1.3. APPARATUS

2.7 1 glass "winchester" type plastic coated "safebreak” type sample bottles calibrated at 21 with
a PTFE iined screw-capped lid.

A ranpge of volumetric flasks, praduated measuring cylinders and pipettes.

All glass and teflon micropipettes.

30 ml capacity plass centrifuge tubes with PTFE lined screw-capped lds..

5 ml tapered wvials with PTFE lined screw-capped lids (e.g."Reactivials™).
PTFE tap {see Fig 2 ).

A wrist action shaker capable of holding the centrifuge tubes deseribed above.
Centrifuge with rotar to accept the centrifuge tnbes described above.

Orbital shaker capable of holding the sample bottles.

Gas Chromatograph. Capillary column insfrument with temperature programming and flame
phetometric detection, fitied with a 25 m x 0.32 mm ID fused silica capillary column and coated
with a ctoss-linked 5% phenyl methy] silicone fluid with a film thickness of §.52 pm. A retention
Zap consisting of one meire of deactivated, uncoated fused gilica (0.53 mm 113} is attached to the
injection end of the amalytical column in order to allow on column injection and better
chromatographic resolution. The use of an awtosampler and clecironic data capture system is
beneficial.

3.1.4. METHOD

A 2 | zample of waler is collecled in a calibrated 2.7 | botile. A sedium horohydride pellet (.25 g)
and 40 ml of dichloromethane are added, followed by an appropriate amount of internal standard (20
pl for samples contaiping 1 to 100 ng ' TBT). The bottle is capped and shaken by hand for a few
seconds. Internal pressure is then released and the bottle is shaken on an orbital shaker for 15 mn,
SWARNING* At this stage the vessel is pressurised due to hydrogen evoiution and should be
handled with care. The pressure is released and the bottle allowed to stand while the solvent phase
separates out. The cap of the bottle is then replaced with the tap shown in Fig2. The
dichloromethane is drawn off into a centrifuge tube, and centrifuged at 2560 rpm for 5 min. Any
water in the tubc is removed using a Pasteur pipette and (he extract blown down to approx 3 ml
using a gentle stream of compressed air at ambient temperature (the use of a heating block set at
30°C hastens this step in the procedure). The exiract is then ransforred to a 5 ml capacity tapercd
vial and blown down to approximately 200 ul. 1 ul of the extract is then introduced to the GC
gystermn.

Note: Sample extracis stored in dichloromelhane revert to alkyl tin chlorides within hours of

T
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preparation. Extracts may be stored at -20°C for several weeks. The hydrides may be reformed by
shaking extracts with 300 gl of 5% aguecus sodium borohydride. An example of a GC separation
of standards is shown in Fig. 3. and (hat of a sample in Fig.4.

Conditions for GC:

It is diffieult to describe optimal operating conditions for GC. [ifferent manufacturers instrumerts
require different gas flows for fine tuning of both detector and carrier gas conditions. The sulphur
filter in the detector should be removed and replaced by a narrow band filier of 610 + 10 nm. Pure

oxygen is not required and the flame is hydrogen rich. As a general rule, flows of around 160 ml

min” hydrogen, and 90 ml min™ air are satisfactory . Nitrogen is used as a make-up gas at 20 m!

min™. Both direct on-column and splitless injections have been used successfully. Hclium or

hydrogen at approx 2 ml min™ is used as carrier gas. The recommended vven programme is 40 to
200°C at 15°C min™" with the detector set at 225°C Examples of traces for standards are shown in
Fig.3 *WARNING* If hydrogen is used as the carrier gas the GC should be fitted with a leak
detector to reduce the risk of exploston.
3.1.5. SUMMARY OF METHOD
Organotins in water by GC:
2 | water sample/blank/spiked sample
add sodium borohydride
add 40 ml dichloromethane
add internal standard
cap and shake and release pressure
shake for 15 min
release Emsmﬂ‘e
stand
decant dichloromethane
centrifuge
femove water

blow down te 260 ul

analyse by GC/EPD

10
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3.1.6. CALCULATION OF RESULTS

The retention times of standards are used for idenlification purposes, The peak heights ot arcas of
known quantities of standards are then used to caleulate a response factor for each compound o the
tripropyltin ioternal standard, Where a vartety of forma of the compounds are comnpared (e.g. oxide,
chloride), it is advisable to cxpress the results in terms of the cation onfy. The amounts of each
standard used are expressed as the cation by multiplying the concentration vsed by a corzection
factor. i.e. for tripropyltin chioride Mol. wt=283.2. (tripropyltin cation Mol. wt.=247.8), the factor
=0.875 (247.8 + 283.2). Hence the concentration of TPT cation present in the sample is: 20 pl of
a 0.6 ng ml! solution i.e, 120ng x 0.875 = 105 ng in the 2 1 sample, or 52.5 ng I'"

The concentration of each alkyltin cation in the sample (Cx) is then given by:

Hx « Cix R
Cx = e e o ng 1-1
Hi

where:

Hx = the peak height or area given by the alkyltin cation

Ci = the conceniration of the internal standard cation in each litre of sample.

R = the relative response of the internal standard cafion {Ri} to that of the alkyliin cation {BX)
Ri
Rx

Hi = peak height or arca given by the internal standard (calion)

The linearity of the delector response should be ussessed for cach GU. Typically the Hewleil
Packard 5890 FP’D shows a linear response for concentrations of 30 pg to 900 pg alkyltin compounds
oni-column,

5.1.7. PRECISION AND ACCURACY

‘The tripropyltin internal standard behaves very much like TBT occurring in the sample, and therefore
loss of some of the sample on extraction and derivatization may be tolerated without compromising
the precision and accuracy of the final determiination. Hence only a one step dichleremethane
extraction is employed, rather than sequential extraction steps. Al the 50 ng I'! level the mean
recovery for TBTO relalive to TPT has besn found ta be 88% (SD= 15; r=12), DBTCl, 884
(SD=5.8; n=8%), MBTCl, 84% (5D=5.3; n=8). The method has bcen evalvated in a pumber of
laboratory intercalibrations. A low level intercalibration was organised recently by the National
Institute of Science and Technology in the USA. The concentration of the sample provided was
undisclosed but later the mean was given as 6.2 ng I (SD 0.05), the above method gave a value of
6.6 (8D 0,05), markedly better in this case than the peneral perfirmance values quoted above (Blair
ef ¢, 1992). 1o an infercalibration organised by the Community Burean of Reference within ihe
EEC, at a higher concentration, the method provided a result of 2.64 pg I' (S8D= 0.15). The mean
of all values submittcd was 2.84 ug "' (SD= 1.62).
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5.2. SPECIATION OF ORGANOTIN HYDRIDES BY GC/MS

GUMS forms another suitable detection system for alkyltin hydrides exiracted by the method
described above. The flame photometric detector is replaced with a mass spectrometer set up in the
electron impact mode with unit resolution,

Fig.5 (a-e) show a GGC/MS separation and the mass spectra of di and triorgenctin compounds,
Characteristic tin isotopic clusters pive readily identifiable fragmentalion patterns. The prominent
peaks around masses 119 and 177 provide a useful confirmatory technique in identification of the
presence of fributyltin al single nanograms per litre in watcr samples.

5.3. SPECIATION OF ALKYL TIN HYDRIDES TN SEDIMENTS AND
ANIMAL TISSUES BY GAS CHROMATOGRAPHY

5.3.1. PRINCIPLE

Akyltin compounds are extracted from antmal tissues or sediments by sodium hydroxide and
methanol, converted 1o hydrides and partitioned inte hexane. The derivatives arc then analysed by
gas chromatography with flame photometric detection. The method was developed by Waldock ef

al. {1989),

5.3.2. REAGENTS

Sodium borohydride powder. Purity 96% or better
Hexane (glass distilled grade).

Double distilled water.

Sodium hydroxide and methano! reagent. Prepared by dissolving 1 g sodium hydroxide (98% purc
or better e.g. AnalaR) in 1 L of methanol (99.8% pure ot better e.g. AnalaR) 1o give a 1% solution.

Authentic Standards:

Butyltin trichloride.

Dibutyltin dioxide.

Bis (tributyltin} oxide.

Tripropyltin chloride (Internal standard).

Individual stock solutions of standards are prepared by dissolving 0.1 g of cach compound in 100
ml of methano! to produce a solution containing 1 mg mi" of each compound.

Individual working solutions are thea prepared by dissolving 0.5ml of stock sohation in 50 mil of
methanol to provide a 10 yg mi™ solution.
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A composite working standard may be prepared by adding 50 sl of each working standard to a
cenirifuge tube containing 2 ml of distilled water, 8 ml of sodium hydroxide/methanol reagent, 100
mg of sodium borohydride and 2 ml hexane. The tube is then shaken for 15 min, and centrifuged
at 2500 rpm. This composite may be used to determine relative Tespoase factors for each compound
detected by the flame photometric detector. :

3.3.3. APPARATUS

Top drive all stainless stee] homogeniser (e.g. Ultraturrax)

A range of volumetric flasks, graduated measwing cylinders and pipettes.

All glass and teflon micropipettes.

30 mi capacity glass cenfrifuge tubes with PTTE lined screw-capped lids.

5 ml-capa{:ity tapered vials with FTFE hined screw-capped 1lids (e.g."Reactiviais").
A wrist action shaker capable of holding the centrifuge tubes described above,
Centrifuge with rotor te accept the centrifuge tubes described above.

Gas Chromatograph. Capillary column instrument with temperature programming and flame
photometric detection, fitted with a 25 m x 0.32 mm ID fused silica capillary colunn and coated
with a cross-linked 3% phenyl methyl silicone fuid with a film thickness of 1,52 am. A retention
gap consisting of one metre of deactivated, uncoated fused silica {0.33 mm ID) is attached to the
injectionr end of the analytical column in order to allow on column injection and better
chromatographic resolution. Tle use of an autpsampler and electronic data caphure system is
beneficial.

3.3.4. METHOMD

Sediment preparation: Sub samples of 4 g ol sediment are oven dried to constant weight at 105°C
to determintie moisture content. Extraction of alkyltin is then carried out on up to 4g of wet sediment
sample, enswring thai there, is at least 2 ml of water (either natural or added) in the sample,

Animal tissues (shellfish and fish) are homogenised and 4 g of the homopenate is used for cach
analysis.

An appropriate amount of internal standard (tripropyltin chioride} is added to the sediment or tissue
in a centrifuge tube; e.g. 50 ul for samples containing 0.01 to | ug g’ TBT. Double distilled water
is added to the sample if necessary (sec above). Sufficient 0.1% sodium hydroxide in mcthano! is
then added to the sample to obtain a 4:1 MeOH:water (v/v) ratio. The minimum volume of methanoel
reagent is therefore 8 ml and the maximum, below 16 ml for sediment samples,  For shellfish, 10
ml of sodium hvdroxide/methanol reagent is added for wel samples, The tube is capped and shaken
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for 45 min, then 2 ml of hexane and approximately 100 mg of sodium borohydride are added. he
sample is then shaken for a further 15 min. After centrifugation (4000 rpm for 20 min ), the hexane
phase is analysed by GC/FPD (see Section 5.1.4). Examples of chromatograms are shown in Figs
6 and 7.

The method does nol empioy a “clean up” procedure, and is thercfore rapid, extremely robust and
suitable for a high throughput of monitoring samples. Residues of extracted organic rnaterial do
however tend to accumulate at the injection end of the analytical column/retention gap and deprade
the performance of even the highest quality capillary columns. The refention gap should be

frequently changed and 15 em of fused silica periodically removed from the injection end of the
analytical column,

Stored extracts will revert to alkyl tin chlorides within days of preparation. Extracts may be stored
at -20°C for several weeks. The hydrides may be refermed by shaking extracts with 300 pl of 5%
aqueous sodium borohydride.

5.3.5. SUMMARY OF METHOD

Alkyl tin hydrides in tissues and sediments:

dg tissne/sediment/AQC material/blank/spiked sample
add nternal standard
adjust water content if necessary

add 4 volumes of sodium hydroxide/methancl reagent

shake 45 min.
add 2 ml hexane and 100 mg sodium borohydride
shake 15 min.
ccntrTﬁ.lgc

analyse hexane by GC/FPD.
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33.6. CALCULATION OF RESULTS

The retention times of standards are used for identification purposcs. The peak heights or areas of
known quantities of standerds are then used to calenlate a response factor for each compound to the
tripropyltin internal standard. The concentration of each alkyltin compound in the sample (Cy) is
then given by:

H}’ xCi <R
Cy= e ug g {dry wt, scdimenl, wet wt. tissue}

where;
Hy = the peak height or arca given by the alkyltin compound
C1 = concentration of the internal standard (as the cation) in the tissue or sediment sample in g v
R = the relative response of the inlernal standard (Ri) to that of the alkyltin compound Rx
i
R= —-
Rx
Hi = peak height or arez given by the internal standard
W = weighl of sample in grams {dry weight for sediments, wet weight for tissues).

5.3.7. PRECISION AND ACCURACY

The recovery of tributyltin was determined by standard additions of tributyltin hydride to samples
previously spiked with TBTO, and comparing the resultant GC peak areas over a range of spiked
concentrations. The calculated recovery ranged fror 90-97% (mean $3%) for sediment and 95-104%
(mean 98%) for shellfisk tissue.  However the use of an infernal standard (tripropyltin chlnndf:)
which behaves in a similar way to TBT allows for loss of sample without compromising the
precision and accuracy of the determination.  The relative recovery for TBT, DBT aad MBT to
the internai standard is close to ll}l}% The detection limit for the method is 0.005 gg ¢! for TBT,
0010 pg g* for DBT and 0.02 pg g' for MRT. These limits may be reduced by conceatration of
the hexane extracts before GC analysis, however since a "clean up" procedure is not employed,
concenirated samples morc rapidly degrade the performance of the capillary column.
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54. SPECIATION OF ORGANOTIN COMPOUNDS IN DIFFICULT MATRICES

5.4.1. PRINCIPLE

In the case of heavily contaminated or fatty samples such as sewage sludges it may be necessary o
apply & clean up procedure before gas chromatographic separation of organotin compounds,
Hydrocarbons for example are knoewa to quench the FPD response,

The organotin hydrides formed using methods 5.1 and 3.3 are not stable, and it is difficuft to achieve
reproducible tecoveries from clean up columns. The alternative approach of forming an alky]
derivative has the advantage of being more amenable to column chromatographic clean up, but the
disadvantage of being a more labour intensive technique. The following method was developed by
Fent and Muller (1991) and describes the use of an ethyl Grignard resgemt to ethylate alkyl and aryl
tin cotnpounds (however methyl, propyl or hexylmagnesium bromide may be substituted in the same

methed). The procedure has been deveioped for sewage sludge, but may be used for animal {issues
and sediments.

54.2. REAGENTS

Methanol 99.8% pure or better e.g. AnalaR.

Diethyl cther 99.5% pure or betfer e.g. AnalaR.

Grignard reagent ethylmagnisium bromide 2.0 M solution in tetrahydrofuran.
Diethyl ether/tropolone reagent. 0.25% tropolone {pure m.p. 49-51"C) in diethyl ether.
Hydrochlovic acid, 35.4%, s.g. 1.18 (e.g. AnalaR).

Hexane (glass distilled grade).

Calcium chloride 99% (e.g. AnalaR)

Sodium sulphate 99.5% (e.z. AnalaR)

Silica gel 60 pesticide residue grade

Authentic standards:

Butyltin trichloride

Dibulyltin dioxide

Bis {tributyltin) oxide

Tripropyltin chloride (Internal standard).
Triphenyltin chlozide,
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Individual stock solutions of standards are prepared by dlssnivmg 0.1 g of each compound in 100

ml of methanol to produce a solution containing 1 mg ml” of each compound.

Individual working solutlmu, gre prepared by dissolving 0.5ml of stock solution in 50 ml of methanol
to provide a 10 pug ml™! sohation.

A composite working standard may be prepared by adding 56 ul of each working standard to 2 ml
of diethyl ether and forming the ethyl derivative as outlined in Section 5.4.4.

5.4.3. APPARATUS

A range of volumetric flasks, graduated measuring cylinders and pipettes.

All glass and teflon micropipettes.

Stainless stee] top deive homogeniser e.g Uliratureay,

30 m| capacity glass centrifuge tubes with PTFE lined screw-capped lids..

5 ml tapered vials with PTFE lined screw-capped lids (e.g."Reactivials™},

A wrist action shaker capable of holding the centrifuge tubes described above.
Centrifuge with rotor to aceept the centrifuge tubes described above.

Gas Chromatograph. Capillary column instnument with temperature programming and flame
photometric detection, fitied with a8 25 m x 0,32 mm ID fused silica capillary column and coated
with a cross-linked 5% phenyl methyl] silicone fluid with a film thickness of 0.52 um. A retention
gap consisting of one metre of deactivated, uncoated fused silica (0.53 mm D) is sttached to the
injection end of the amalytical colunm in order to allow on column injeciion and bettes
chromatographic resolution. The use of an aulosampler and electronic data capture system is
beneficial.

54.4. METHOD

Sludge preparation: Sub samples of 4 g of sewage sludge are oven dried to constant weight at 105°C
to determine moisture content. Extraction of organotin compounds is then carried out on 10g of
sludge which is placed in a centrifuge tube. An approprinte volume of internal standard is added (50
pl for samples containing 0.01 to 1 up g" organotinsg) and the pH of the sample adjusted to 2 by
addition of HCI. The sample is then homogenised for 3 min. 10 ml of diethyl ether/tropelone
reapent is added and the tube capped and shaken for 10 minutes. The sample is then centrifuged at
2500 rpm for 10 mim and the ether phase decanted and placed in a 50 mi capacity flat bottomed flask
contaning 5 g calcium chloride. The ether extracfion step is repeated two more times and the
extracts bulked. After swirling the flask to dry the ether phase, the solvent is decanted to a clean
centrifupe tube and blown down to approximately 2ml. The extract is then combined with (.5 mi
of ethylmagnesium bromide reagent in a 5 mi capacity tapered vial, capped and left for 10 min. The
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Grignard reaction iz then stopped by careful addition of 2 ml 2M HCE. The aqueous phase is
removed, discarded and the extract dried by addition of a small amount (approximately 100 mg )
of sodium sulphate. The volume of the sample is then reduced to approximately 0.5 ml by blowing
down with a gentle stream of pitrogen.

A small chromatographic column is prepared using a Pasteur pipette containing 8.5 g of silica gel.
The sample is then carefully added to the top of the column and organotins eluted using 10 mi of

F0% ether in hexane. The eiuatent is reduced in volume to approximately 200 pi and § gl introduced
to the GC/FPD. For GC conditions see Section 5.1.4.

5.4.5. SUMMARY OF METHOD

Organotins in sewage sludge:

10g sewape/ AQC material/blank/spiked sample
add internal standard
adjust pH
homogenise
cxtract with ctherftropolone three times
dry extract with calcium chloride
blow down to 2 mi
add 0.5 ml Grignard and leave for 10 min
stop reaction with 2 ml 26 HCL
dry ether phase with sodium sulphate
reduce volume to 0.5 ml
clean up on sitica gel columa, aluting with 10 ml ether/hexane
reduce volums

analyse by GC/FPD
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5.4.6. CALCULATION OF RESULTS

The retention times of standards are used for identification purposes, The peak heiphts or areas of
known quantifies of standards are then used to caiculate a response factor [or each compound to the
tripropyltin internal standard, The concentration of each alkyltin compound in the sample (Cy) is
then given by:

0} S — —  pg g (dry wi sludge)

where:
Hy = the peak height or areg given by the organotin compound
Ci = the concentzation of the internal standard (as the cation) in the sewape shudge sample in upg g’
R = the relative response of the internal standard (Ri) to that of the alkyltin compound (Rx)
Ri
B=---
Rx
Hi = peak height or area given by the internal standard
W = weight of sagmple in grams dry weight .

5.4.7. PRECISTON AND ACCURACY
Recoveries for monoorganotin compounds by this method were found to be 50 -60 %, 60 - 80% for

diorpanotin compounds and 50-60% for triorganotin compounds. The detection limits for butyl and
phenyltins in sewage sludge were 0.01 to 0.1 g cation g ™' dry weight.
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6. QUALITY ASSURANCE

Water:

The use of a relatively large volume of waler {750 to 2000 ml) prohibits the storage of a q_uailty
corrol sample. Angalytical quallty control is monitored by the addition of a standard (200 ng 1

TRTO for Method 4.1 or 50 ng I TBTO for Methed 5.1) to either a (.43 um filtered sample of
seawater, or lo tap water, for salt and freshwaler samples respectively. Three "spiked” samples are
analysed with each batch (usvally ten} of environmental samples. A single blank sample of water
from the same source is analysed with each batch of environmental samples.

Tissues and sediments:

There are few sources of reference materials of certified organofin content. “The National Research
Council in Canada have produced a sediment with a certified TBT content (see Section 4.4.4.} and
the Commurnity Bureau of Relerence are in the process of producing reference materials. "In house"
reference materials can be prepared and calibrated againsi cerlified materials. If necessary bivalves
may be artificially contaminated with TBT by dosing holding tanks with TDT or those taken from
sites known to be coniaminated with TBT provide amalytical quality control tissue. Similarly
sediments may be either artificially contaminated or taken fom naturally contaminated sites, Several
hundred grams of tissue are homogenised and stored by freezing at -20°C. A single sample of
quality contro] fissue is analysed with each batch, usually 12, of environmental samples. Analysis
should refer to Reference Methods for Marine Poltution Studies Number 57 in this series to instigate
a quality assurance programme. Figures 8 and 9 show typical quality control diagrams for the
methods described in Section 5.3.4.
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8. SOURCES OF REAGENTS AND APPARATUS,

Some of the reagents and apparatus listed in the gbove methods are difficult to obtain. The
following list includes known suppliers in the United Kingdom but is not exhaustive. Listing of a
product docs not sugpest an endorsement of quality.

Alkyl and aryl tin standards:
Fluka Chemical Company, Peakdale Road Glossop Derbyshire
Aldrich Chemical Company, The old Brickyard, New Rd, Gillingham, Dorget.

Tropolone and AnalaR grade rcagents:
Merck Lid., Merck Houze, Poole, Dorset.

Silica gel 60: Merck (as above).

Grignard reagents:
Aldrich {as above).

Teflon Winchester tap: Cowey Scientific, Southerby Rd., Middiesbrough.

Namrow Band 610 nm filter for FPD:
Ealing Electro Optics, Greyeaine Rd., Watford.
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