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PREFACE 

The Regional Seas Programme wM initiated by UNEP io 1974. -Sin~:e the:n 1be G<>vcmiog 
Conncil of UNEP has repeatedly endorsed a regional approach to the control of marine pollution 
and the management of marine and coostal l'tSDUrt:eO and has requ"'ted tbe development of 
regtnnal action plans. Tbe Regional Seas Programme at preo..,t loclud .. 12 ~oos and bas .wme 
1411 <:<Jastal Stat .. participatlog in it (1), (2). 

One of tile basic eomponen.lll of tho action plans •ponsor<:d by UNEP Ia the fratn.,...o.-1< of 
!be Regional Seas Progrnmmc Is the assessment of tbe state of the marine environment and of its 
re!lOUrc"' and of the sour<es and trends of the pollution, and the Impart of polllllion on bnman 
ltealtb, marine ecosystems and amenities. In order to assist tb"'c participating In this activity and 
to eruure that tile data nbtaincd through this assessment rnn be eompar<:d on a world-wide lnl•i• 
and thu.. contrihute to the Global Environment Monitoring System (GEMS) nf UNEP, a "'t uf 
Refe,..,no:e MethOOs and Gnidelln .. lOr marine pollution otudies is being developed ao part or a 
programme nf comprehensive tochnlo:al support which include!i the prmdsion of upert advke, 
,..,fcrenee methods and materials, lrahting and data quality assurance (3)- Tbe methods are 
recommended to he adopted by Govemtnents partioip~~tlng In the Regional Seao Programme. 

The method< and guideli..., are prepor<:d in co-<~peration with the rdevant spedalized 
bodi,.. of tile Uoited Nations oys!ems as well as otber organizadOtl!l nod are ksted by a number of 
experts competent in the field relevlont to the methods desoribed. 

In the doscription of the method• and gnldelines tile style as<d by the International 
Organizatl<.ln for Standardization (ISO) is followed as closely as pOJiSiblo. 

Tbe method• and guideli...,, as ptJblished in UNEP's •eries of Reference Mt:l:bodo for 
!'.brine Pollutiolr Studios, are not eonslder<:d as final. They are planned to be periodieally revised 
taking Into aemnnt the developrne•t of onr nodentanding of t•• probtemo, of urutlytleal 
itutrummtatton and the actual need nf the users.. In order to facltlta!e these revisions the uscn 
an: lnvlted to convey their comments ott<! suggestio"' to: 

Marine Environmeot.ol Stodi,.. Laboratory 
IAEA Marine Environment Labnnttory 
D.P. No. 800 
MC-98(112 MONACO Codex 

which ill re!lp<IIISlble for tbe tel:hnkal co-t:>nliruttlon of the d.....,.Opment, testing and intero:alibrati011 
of Refere••• Method$. 

(I) UNEP: 

(2) P. HULM: 

Acltievemenu ond planed development of the t/NEP'li Regional Se.oo 
Programme and eomparable programmes sponsor<:d by other bodies.. UNEP 
Regional s.,. Report• and Studies No. 1. UNEP, 1982. 

A stra!egy for the Seas.. The Regional St:os Programme: Put and Future. 
UNEP, 19!13. 

(3) UNEPIIAEAIIOC: Referen<e Methods and Materials: A Programme of rompre.cnsive 
onpporl lOr region•] and global marine pollution assessments.. UNEP, 1990. 
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The present dO<Ume!lt was prepared by Dr. M. Waldoek of tbe Miaistry nf Agrieu.hun>, 
Flolterles and Food, Fisheries Laboratory, Bumham-<>n-Croach, United Kingdom. The metbods 
described within Ibis Rcfercn .. Methl>d bavo provon tn be robust and effective within mnnltnring 
programmes. Various clmices are afforded within tbe methods described to allow for the 
availability of equipment, ete. and range from simple screening fnr nrganotin <Oiti:Dmination using 
less specialist atomic nbsr>rption equipment, to high rosolutioo oeparatinn and umitive and seleetlve 
quutilication of individual s"""""'. The d.,.,..mmt doos not attempt to prnvide details nf all 
ltV1lilab\e te<bniques. Further ioformation concerning ntber prol'lf'l' """ be found through a 
UNEP bibliography oa marine pollution by organolin OO"§'ound• , or alt<rnaflvely through a 
...,.,.;.,.. artl.,:te by MODer et aL nn lite analysis of O'll"notin• . 

(4) UNEP: Bibliography on marine pollution by nruanolin co .. poundo. MAP Tedlnlcal 
Reports Series No. 35. UNEP, At~ens, 198~. 

(~) D. MiiUer, L Renberg and G. Rippon (1989)' Trlbutyltln In tile Environment - Sou...,.._ 
Fate and Determination. An M8e:!l!lmelll of Present SU.tuo and Reoearcll Needs. 
Ch ... osobere. 18 19/10), 201HfH2. 
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l. SCOPE AND FIELD OF APPLICATION 

This publication describes reference methods for the determination of organotin compounds in 
environmental samples. Inputs of organotin compounds to the aquatic environment arise from the 
usc of triorganotins as biocides and diorganotins as catalysts and stablisers in the plastics industry_ 
Tributyltin (TBT) and triphenyltin (fPhT) compounds are widely used as the toxic component in 
boat antifouling preparations. Either compound may be simply mixed into the paint matrix, but 
tributyltin may be used in a copolymer formulation, chemically bonded to methyl methacrylate to 
provi<.k a self polishing paint \Vhich chemically erodes by hydrolysis of TBT from the methacrylate 
chain. This controlled release of toxin centers a much longer active life to the paints, and hence 
TBT based formulations have become the most commouly used antifouling preparations in Europe. 
TBT and TPhT are also used in antifouling preparations to protect nets used to contain salmon in 
mariculture. Indirect inputs of TPhT to the aquatic environment may also occrn: as a result of the 
use of TPhT in agriculture as a fungicide, and from TBT used as a timber preservative. 

TRT is commouly detected in environmental samples close to harbours, and popular pleasure-craft 
centres. In water, sediments and she!lfish, the parent compound is most abundant, but the breakdown 
products dibutyltin and monobutyltin and inorganic lin may also be found. The breakdown mute fur 
TPhT is also by sequential de-arylation to inorganic tin. Typicaily, concentrations ofTBT found in 
harbolU" waters may be in the upper nanogrllm to microgram per litre runge, and more remote from 
harbolU"s, but within the same estuaries, in the sub- to 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 'lellsitive to TBT. The lowest conctmtration of TBT known to elicit a 
biological effect is for the dogwhelk Nucella lapillus which exhibits a phenomenon tenned imposex, 
whereby male sexual characteristics are imposed on the female of the species. Sterility of female 
dogwhclks occurs at approximately 5 ng TBT 1"1 and the no-effect conctmtration for the re.;poru;e ~ 
been estimated to be less than one nanogram per litre (Gibbs era!, 1988). 

Since organotins arc bighly 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 nwnber~ of 
samples in support of monitoring programmes. 

Methods fall into two categOries, (a) those using Atomic Absorption Spectrophotometry (AAS), and 
(b) those using Gas Chromatography (GC). The former allow screening fur organutin contamination 
of samples using less specialist equipment. The latter are recommended for sensitivity, and detailed 
speciation. 
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3. GENERAL CONSIDERATIONS AND SAMPLE HANDLING 

Contamination and losses: 

('_ontamination of laboratory apparatus with organotln compounds arises from tim use of diorganotin 
stabilising compounds in many plastics, e.g. PVC, and usc of such materials should be avoided. 
However, organotins are readily adsorbeU onlo glas;ware, arullus,;es may occur during u<.e of glass 
equipment. The methods described here usc the minimum of glassware and wherever possible use 
the same ves.'<el for sampling and extraction. 

Preparation nf gla.swau: 

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 cone. HC1 (Ana1ar). 
FinaHy it is rinsed in double distilled water and dried in a glass oven at 50°C. 

Sample collectitm and storage: 

Water samples are collected in 2.71 glass bottles with PTFE lined screw capped lids. Before use 
they are rinsed with cone. HCI, tap water, and finally solvent rinsed. 

During use, water sampling bottles arc either hand held (for surface and sub-surface samples) or 
IDOllllted in a weighted stainless steel fram<;:, whi<-'h is deployed by m<;:ans of a nylon rope (see fig. 
1). Water samples liTe stored in a cool room (4 °C) and extracted within 48 h of collection. Extracts 
have been held at ·20°C for severn! months with no measurable breakdown of TBT. TBT hydrides 
do, however. revert to TBT chlorides tm Sl<.>rdge .mil in the hydride derivative technique for organotin 
speciation, additional sodium borohydride is added to extracts if previously stored (see Section 5). 

Shellfish are stored as whole animals in polyethylene bag>i, ami 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 -20"C for six months. 

Sediment samples are collected by scraping the surface layer (top I em) into clean glass jars, using 
a PTFE coated spatula. Samples are stored at -20"C prior to analysis. 



---
-

Fig. I. Stainless steel and PI FE water sampler. 



4. ATOMIC ABSORPTION SPECTROPHOTOMETRIC MEmODS 

4.1. DETERMINATION OF TOTAL TIN CONCENTRATIONS IN WATER 

4.1.1. PRINCIPLE 

Water samples arc acidified, tin containing compounds are bound to a complexing agent (tropo!one), 
and tlXtracted into toluene. The extract is analysed by electrothermal atomic absorption 
sp<:etrophotometery (EAAS). The detection limit is approx. U.l l'g 1"1 Sn in the original sample. 

4.1.2. REAGENTS 

Hydrobromic <K'id, 47%, s.g. 1.46-1.49 (e.g. ArislaR). 

Toluene/tropolone reagent: 1.25g tropolone (pure; m.p. 49-5! 0 C) dissolved in 2.51 toluene (99.5% 
or better e.g. AnalaR). 

Bis (tributyltin) oxide [llilxabutyldistannoxane] (TBTO) standards (97.6% pure or better). Stock 
oolutiom are prepared from 0.0512 g (allowing for impurity) TBTO disoolved in glacial acetic achl 
and made up to 50 mi. Intermediate stock solutions are prepared by serial dilution into glacial acetic 
acid to 10 mg r' (w.s.l) and 1 mg r' (w.s.2). These are stable for at least three months. 
Instrument calibration solutions (in toluene) in tlw range 0.005 to 0.2 mg 1"1 an: prepared by adding 
suitable aliquots of w.s. I or 2 to 10 ml toluene. 

4.1.3. APPARATUS 

1 I glass sampling boUle:< (calibrated at 750 ml), with PTFE lined screw-capped lids. 

Polyethylene capped centrifuge tubes, 1.9 ml capacity. 

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

An orbital shaker capable <.lf holding the sample bottles. 

Centrifuge with rotor to acoopt thtl centrifuge tubes described above. 

An atomic absorption spectrophotometer adapted for electrothermal operation to be operated rn 
accordance with the manufactunm; instructions. The w;e of un autosampler is beneficial. 

< 



4.1.4. METHOD 

750 m1 of water is collected in a calibrated 1 I glass sampling bottle, 20 ml of hydrobromic acid are 
added, mixed and allowed to stand for 15 min. 25 m1 of the toluene reagent is ad.ded and the bottle 
capped. The hottle 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 ahsorption spectrophotometry (EAAS). 

Calibration standards in the range 0.005 mg r' to 0.2 mg 1"1 Sn in toluene are prepared from the 
intermediate stock solutions(see Section 4.1.2.). Duplicate reagent blanks are prepared using tin-free 
distilled water and analysed with each batch of samples. Spiked samples are prepared to monitor 
extraction efficiency. The sample cKlracts arc rcasonahly stable, but if not analysed immediately 
after prepandion, should he stored in the dark ami cool (4"C) 10 prev..,ut photolytic decay and 
evaporntive loss, and analysed within 24 hours. 

AAS operating conditions: 

The following conditions have been found to give optimwn performance on a PyeUnicam SP 9; 

Wavelength 286.3 run 

Deuterium background correction 

Uncoated graphite tubes 

Dry 

""' Atomise 
Clean up 

' 



4.1.5. SUMMARY OF METHOD 

Total tin in water: 

Sample, 750 ml water/blank/recovery standard 

add 20m! HBr 

Stand 15 min 

add 25 ml to!ueneltropolone 

stand 

toluene extract to cen!Iifuge tube 

centrifuge 

analyse by EAAS 

4.1.6. CAI.CIJI,ATTON 01<' RF.SULTS 

The concentration of tin {C) in the sample is given by: 

j' X V 

c~ "g r' Sn 

where: 
T = concentration of tin measured in the toluene extract in "g mr' 
v = volume of extract in ml 
V = volume of sample taken in lilies 
Rf =recovery factor for the determination of a known amount or stannous chloride spiked intu a tin 

free sample (see 4.1.7.). 

4.1.7. PRECISION Al\~ ACCURACY 

The recovery of starmous chloride spiked into a tin free Nllllple at a concentr"4tion ·or 1 pg r 1 was 
fol.llld to be 81% (SD=7, n=8)(Rf=0.81). The technique of standa!:d additions to samples ha• 
generally shown that the method is generally free from matrix interferences. Parks eta!. (1985) have 
listed some possible matrix interference problems, l!lld where ma!Iix problems arc ""'peeled, standard 
additions should be used to 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), organotin 
compounds are extracted, but not inorganic tin compounds. In this procedure glacial acetic acid ha.~ 
been demonstrated to give better extraction efficiency than HBr for organotins. The detection limit 
of the method is approx 0.04 pg r 1 Sn in the original sample. 

4.2.2. REAGENTS 

Toluene, 99.5% purity or better (e.g. AnalaR). 

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

TFlTO standards (97.6% pure or better). Stock solutions are prepared from 0.0512 g (allowing fOr 
impurity) TBTO dissolved in glacial acetic add and made up to 50 mL Intermediate stock solutions 
are prepared by serial dilution into glacial acetic acid to 10 mg r1 (w.s.l) and 1 mg r 1 (w.s.2). 
These are stable for at least three months. Instrtnnent calibration solutioru; (in toluene) ranging from 
0.005 to 0.2 mg r 1 are prepared by adding suitable aliquots ofw.s. 1 or 2 to 10 ml toluene. 

4.2.3. Al'PARATUS 

2.7 I glass sampling bottles (calibrated at 2 I) with PTFF. lined screw-capped lids. 

Polyethylene capped centrifuge tubes, 1.9 m! capacity. 

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

An orbital shaker capable of holding the sample bottles. 

Centrifuge with rotor to accept the centrifuge tubes described above. 

An atomic absorption spectrophotometer adapted for electrothermal operation to be operated m 
accordance with the manufacturers instructions. The use of an autosamplcr is beneficial . 

• 



4.2.4. l\1ETIIOD 

The procedure is essentially the same as described for total tin, but 25 ml of toluene is substituted 
for the to\uene!troplone reagent used in method 4.1. 

A 2 I sample of water is collected in a calibrated 2.71 boUle. 50 ml of glacial acetic add are added, 
mixed and allowed to stand for 15 min. 25 ml of toluene is added and the bottle capped. The bottle 
is then shaken on an orbital shaker for \0 min. After standing to allow phase separation, the toluene 
extract is tmnsferred to a polyethylene centrifuge tube and centrifuged at 2500 rpm for 5 min to 
separate trac~s uf waJ.er from the solvent. 1be toluene extract is then analysed by electrothermal 
atomic absorption spectrophotometry (EAAS). 

Calibration standards in tho: mnge 0.005 mg r' to 0.2 mg r' Sn in toluene are prepared from the 
intermediate stock solutions (see section 4.2.2.). Duplicate reagent blanks and spiked samples are 
prepared using tin-free distilied water and analysed with each batch of san1ples. Spike<.! samples are 
prepared to monitor extraction efficiency. 

The AAS operating conditions are described in Section 4.1.4 

4.2.5. SUMMARY OF METHOD 

Organotins in Water: 

Sample 21/blank/recovery standard 

add 50 ml acetic acid 

stand 15 min. 

add 25 ml toluene 

decant toluene extniCt to centrifuge tube 

centrifuge 

analyse by EAAS 
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4.2.6. CALCULATION OF RESULTS 

Ibe concentration of organotin (as TBT equivalents) (C) in the sample is given by: 

T.v.2.5 
c~ 

where: 
T = concentration of tin measured in the toluene ~xtract in pg mr' 
v = volume of extract in ml 
V = volwnc of sample taken in litres 
Rf =recovery factor for !h~ <lel=inalion of a known amonnt 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 arc 96 ± 15% {Rf=0,96), but in the hands of a skilled 
analyst can be better. In an intercalibration exercise organised by the US National Hureau of 
Starn:lards in 1986, n reference water was supplied containing an undisclosed concentration of TBT. 
After 1000 fold dilution, the above method produced a result of 1.06 l'g r' (SD= 0.05, n= 5). The 
standard was later certified to coutain 1.06 ± 0.05 mg r' TJH (Blair eta!. 1986). 

Recovery of dibutyltin by this method is low (approximately 16%) bewuse 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 <levelopOO by M&T Chemicals Ltd. 
(see Trachman eta/, 1977 for background), and use of the organotin method has been described fur 
seawater (Cleary and Stebbing 1985). Cleary has since increased the sensitivity of the method 
approximately 10 fold by introducing an evaporation step at the end of the proe<Jdurc (Cleary 
pers.comm., Anon 1992). See also Parks et al (l9M5) for descriptions of possible matrix 
interferences. The United Kingdom Standing Collllllittee of Analysts also rccollllllend lanthanum 
coated furnace tubes to increase sensitivity (Anon 1992). 



4.3. THE DETERMINATION OF TOTAL TIN CONCENTRATIONS 
JN SHELLFISH TISSUE 

4.3.1. PRINCIPLE 

Shellfi~h tissue i8 dispersed by mixed acid dige8tion. total tin is extracted by toluene and tropolone, 
and analysed by EAAS. The limit of detection is 0.05 ~g Sn g'1 wet weight in the original sample. 

4.3.2. REAGENTS 

Nitric acid, 70"/o, s.g. 1.42 (e.g. AnalaR) 

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

Perchloric acid 70%, s.g. 1.70 (e.g. AnalaR). 

Hydrobromic acid, 47%, s.g.l.46-l.49 (e.g. AristaR). 

Tolucnc/tropolonc reagent: 1.25g tropolone {pure m.p. 49-51 "C) dissolved in 2.51 toluene (99.5% or 
bclltlr e.g. AnalaR). 

TBTO standards (97.6% pure or better). Stock solutions l!l'C prepared from 0.0512 g (allowing for 
impurity) TBTO dissolved in glacial acetic acid and made up to 50 ml. Intermediate stock oolutinns 
are prepared by serial dilution into glacial acetic acid to 10 mg 1'1 (w.s.l) and I mg r 1 (w.s.2). 
These are stable for at least three months. Instrument calibration solutions (in toluene) ranging from 
0.005 to 0.2 mg 1'1 are prepared by adding ~uilable ali<tuul>< ufw.s. 1 or 2 to 10 m1 toluene. 

4.3.3. APPARATUS 

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

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

A range of voltunctric flasks, grad~ measuring cylinders ami pipettes. 

A heating block capable of heating the centrifuge tubes to lOO"C. 

A >wist action shaker capable of holding the centrifuge lubes described above. 

Centrifuge with rotor lo a~cepl lh~ centrifuge tubes de>;cribed abuve. 

An atomic absorption spectrophotometer adapted for electrothermnl operation to be operated in 
accordance with the manufacturcn instructions. th~ use of an autosampler is bmt:ficia!. 

" 



4.3.4. METHOD 

Ig of wet tissue homogenate is digested with 5 rnl 1:1 nitric/sulphuric acid in a heated open 
centrifuge tube (IOO"C for 4 h.). 0.5 rnl of perohloric acid is then added and the digest heated for 
another hour. AfteJ: cooling, 23 m1 of distilled water is added, followed by 2 rnl of hydrobromk 
acid. The aqueous extract is then extracted by 5 ml of toluene reagent by shaking for 20 milL The 
toluene extract is then analysed by EAAS (sec section 3.1.4.). Duplicate procedural bilmks and 
quality control tissues are analysed with each batch of =ples. Tissues spiked with TBTO ar~ used 
to monitor emaction efficiency. 

The sample emacts are stable, but if not analysed irrunediately after prepan1tion should be stored 
cool (4°C) to prevent evaporative loss, and analysed within 24 hours. 

4.3.5. SUMMARY OF METHOD 

Total tin in Shellfish; 

I g sample/AQC material/blank/spiked sample 

add nitric!slliphuric acid 

heat 10i5"C 4 h. 

add 0.5 ml p"i:rchloric acid 

heat !OO"C; I h 

cool, add 23 ml water 

add 2rnl HBr 

eltlract into Sml "to!uene/tropolone 

analyse by EAAS 



4.3.6. CALCULATION OF RESULTS 

The roneentration of organotin (asSn equivalents) (C) in the sample is given by: 

c~ 

where: 
T ~ roncentration of tin measured in the toluene extract in "g mr1 

v = volume of extract in ml 
W ~ weight of sample in g. 
Rf ~ rerovery factor for the determination of a known amount of stannous chloride spiked into a tin 

free sample (see 4.3.7). 

4.3.7. PRECISION AND ACCURACY 

The mean recovery of stannous chloride spiked into oyster tissue at a concentration of I pg g·l was 
found to be 95"/o (SD=l6; n~8)(Rf---Q.95). 1be technique of standard addilioru; to osamples halo shown 
that the method is generally free from matrix interferences. Parks eta/ (1985) have listed some 
possible matrix interference problems, and where matrix problellllJ are suspected standard additions 
should be used to verify «JsuiL~. 

4.4. TilE 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 triorganotin compounds is achieved by washing the solvent with sodium hydroxide 
to partition mono- and diorganotin compounds into the aqueous phasi. The solvent extract 
containing triorganotin compounds is then analysed by EAAS. The limit of detection of the method 
is approx 0.04 p.g g·l Sn in the original sample. 



4.4.2. REAGENTS 

Hydrochloric acid, 35.4%, s.g. 1.18 (e.g. AnalaR). 

Sodium Hydroxide 99% (e.g. AnalaR). 

Hexane (g!as:;; distilled grade). 

4.4.3. APPARATUS 

Top drive all stainless steel hornogeniser (e.g. Ultraturrax). 

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

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

A wrist action shaker capable of holding the centrifuge tubes described above. 

Centrifuge with rotor to accept the centrifuge tubes described above. 

An atomic absorption spectrophotometer adapted for electrothermal operation to be operated in 
accordauce with the manufacturers insliuctioru>. The lLiltl of ;rn autosarnpler is beneficial. 

4.4.4. METHOD 

l.5g of wet tissue homogenate is dispersed (by shaking by hand) with 10 ml concentrated HCI in 
a centrifuge tube. I 0 m] of hexane is added and the extract shaken foc 30 min. and then centrifuged 
at 2500 rpm for IS 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 I 0 min, it is then centrifuged at 2500 
rpm for JS min. and an aliquot of the hexane e:<lracl analysOO using EAAS (Section 3.1.4). 
Duplicate procedural blanks and a quality control tissue are analysed with each batch of samples. 
Few certified reference materials are available for TBT analysis (the National Research Council of 
Canada, Marine Analytical Chemistry Sllmdanls Prognun rnaWrial PACSI is certified for TBT, DBT 
and MB1) alternatively quality control tissues may be prepared in house by collection of a large 
amount of naturally contaminated shellfish from harbour nn:ns. Tissues spiked with TBTO are used 
to monitor extraction efficiency. 

The sample extracts nn: reasonably stable, but if not analysed immediately after preparation should 
be stored in the dark and cool (4°C) to prevent photolytic de<;ay and evaporative loss, and analysed 
within 24 hours. 



4.4.5. SUMMARY OF METHOD 

Triorganotins in Shellfish: 

l.5 g sample!AQC materialfblankfspiked sample 

disperse with 10 ml HCI 

add 10 ml hexane 

shake 30 min. 

centrifuge 

decant 4ml hexane and add 8 ml .rodium hydroxide 

shake 10 min. 

centrifuge 

analyse hexane by EAAS 

4.4.6. CALCULATION OF RESULTS 

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

c~ X 2.5 ~ g-1 TBT 

where; 
T ~ concentration of tin measured in the toluene extract in J.<gSn mr' 
v ~ volume of extract in ml 
W ~ weight of sample in g. 
Rf =recovery fa1.:tor for the determination of a known amount of stannous chloride spiked into a tin 

free sample (sec 4.4.7). 

4.4.7. PRECISION AND ACCURACY 

The recovery of TBTO spiked into shellfish tissue samples was found to be 100"/o (SD=6 
n~8)(Rf=l). In an intercomparison of methods for analysis of mussel tissue, the method gave results 
at the lower end of the reported runge of results, e.g. 0.18 J.<g g"1 SD 0.2. Mean of all samples 0.26 
f.!g g-1 (Stephen~on el a!, 19!r7). 

The above methods for tissue analysis were based on those developed by M & T chemicals Ltd. and 
are essentially lbo>;e described by Bryan el al. (1986). Sec also Dooley eta!. (1986). 



5. GAS CHROMATOGRAPHIC METHODS 

5.1. SPECIATION OF ORGANOTIN HYDRIDES IN WATER BY 
GAS CHROMATOGRAPHY 

5.1.1. PRINCIPLE 

Organotin compomlds are reduced to the hydride form (to improve compatibility with capillary GC 
analysis) and simultaneously extracted into dichlorometlmne. The extract is reduced in volume and 
injected into a gas chromatograph fitted with a flame photometric de~ctor (FPD). The limit of 
detection for TBT cnmpounds is approximately 1 ng r'. The method was developed by Matthias 
el a/ (1986). It should be noted that the method is also suitable for the determination of triphenyltin 
(TPhn compounds. However the flame photometric detection method is less scruritive for TPhT and 
detection limits are an order or magnitude higher. 

5.1.2. REAGENTS 

Sodium boruhydride pellets 0.25 g, Atomic absorption spectroscopic grade (e.g. Spectrosol). 

Dichloromethan~ (glass distilled grade). 

Authentic standards: 
Butyltin trichloride 
Dibutyltin dioxide 
Bis (!ributyltiu) oxide 
l ripropyltin chloride (Internal standard). 
Triphenyltin chloride. 

Stock solutions of monobutyltin and dibutyltin compounds are prepared by dissolution in methanol 
nnd those for tributyltin, in dichloromcthanc. Individual stock solutions of standards arc prepared 
by dissolving 60 mg or each wmpound in 100 ml of solvent tu produce a solution containing 0.6 
mg mr1 of each compo\llld. 

Individual working solutions are prepared by di88olving 0.5 ml of sloe\< ~lution m 50 ml of 
dichloromethane to give 6 l'g mr1

• 

A 20 1'1 ali'luol of int.crnal standard (tripropy\tin <,;hloride) is added to each 2) 5arnp!e. 

A composite working solution may be prepared by mixing mono- di- and triorganotin species. This 
composile may be dcraviliL.<ld by the exlmclilm method li~t.cd below and u=-1 lo dctcnnine the 
recovery of alkyltin compounds and the relahve response factors for each compound detected by the 
flame photometric detector. 



5.1.3. APPARATUS 

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

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

All glass and teflon micropipettes. 

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

5 ml tapered vials with PTFE lined screw-capped lids (e.g."Rcactivials"). 

PTFE tap (sec Fig 2 ). 

A wrist action shaker capable of holding the centrifuge tubes described above. 

Centrifuge with rotor to accept the centrifuge tubes described above. 

Orbital shalcr:r capable of holding the sample k>ttlcs. 

Gas Chromatograph. Capil!ory colwnn instrument with temperahue programming and flame 
photometric dete<.:tion, fitted with a 25 m x 0.32 rnm ID fused silica capiHary column and coated 
with a cmss-linlccd 5% phenyl methyl silicone fluid with a film thickness of 0.52 p.m. A retention 
gap consisting of one metre of deactivated, uncoated fused silica (0.53 mm I D) is attached to the 
injection end of the analytical oolumn in order to allow on column injection and better 
chromatographic resolution. The LJ:>e of an autosampler and electronic data capture system is 
beneficial. 

5.1.4. 1\lliTHOD 

A 2 I sample of w.tler is wlled!Al in a calibrated 2.7 1 boUle. A sodium bowhydride pellet (0.25 g) 
and 40 ml of dichlorornelhane are added, followed by an appropriate amount of internal standard (20 
,.,I for samples containing l to 100 ng r' TBT). The bottle is capped and shaken by hand for a few 
seconds. Internal pressure is then relell:l~d ami the bottle is shaken on an orbital shaker for 15 min. 
*WARNING~ At this stage the vessel is pnssurisfd due to hydrogen evolution and ~hould be 
handled with care. The pressure is released and lhe bottle allowed to stand while the solvent phase 
.<;eparates out. The cap of th~ boltle is then replaced with the tap shown in Fig.2. The 
dichloromethane is drawn off into a centrifuge tube, and centrifuged at 2500 rpm for 5 min. Any 
water in the tube is removed using a Pru;teur pipette and lhe extract blown down to approx 1 ml 
using a gentle stream of compre,-;>;e<.l air ill. ambient temperature (the use of a heating block set at 
30°C hastens this step in the procedure). l11e extract i8 then transferred to a 5 ml capacity tapered 
vial and blown down to approximately 200 1-1!. I 1-'1 of the extract lli lhen introduced to the GC 
system. 
Note: Sample extracts stored in dicblorornethane revert to alkyl tin chlorides within hours of 
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preparation. Extracts may be stored at -20°C for several weeks. The hydrides may be refonned by 
shaking extracts with 300 ~ of 5% aqueous sodium borohydride. An example of a GC separation 
of standardli Is :iliown in Fig. 3. ami lhat of a sample in Fig.4. 

Conditions for GC: 

It is difficult to describe optimal operating conditions for GC Different manufacturers instruments 
require different gas flows for fine timing of both detector and carrier gas conditions. The .Wphur 
filter in the detector :iliould be removed and replaced by a narrow band filter of 610 .± \0 nm. Pure 
oxygen is not required and the flame is hydrogen rich. As a general rule, flows of around 160 m1 
min"' hydrogen, and 90 ml min"1 air are satist"ilctory . Nitrogen is used as a make-up gas at 20 m.l 
min"1• Both direct on-column and splitless injections have been used successfully. Helium or 
hydmgen at llJI[IfOX 2 m1 min"1 is used as carrier gas. The recommended oven programme is 40 to 
200"C at IS"C min"1• ,with the detector set at 225"C Examples of traces for standards are shown in 
Fig.J .*WARNING* If hydrogen is used as the carrier gas the GC should be fitted with a leak 
detector to reduce the risk of explosion. 

5.1.5. SUMMARY OF METHOD 

Organotins in water hy GC: 

2 I water samplelbhmklspikcd sample 

add sodium -horohydride 

add 40 ml dichlaromethane 

add interOO! standard 

cap and :iliake and relea.<~e pressure 

shake for 15 min 

release pressure 

decant dichloromethane 

centrifuge 

remove water 

blow dowil to 200 pl 

analyse by GC/Fl'D 

'" 
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Fig.3. GCIFPD trace of organotin hydrides MBT, 0.27 ng on colunm, DBT, 
0.24 ng on-column, 1PT~ 0.26 ng on oolumn, TBT, 0.26 ng on oolumn 

and TPhT, 0.55 ng on column. 
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GCIFPD trace of dockyard water sample containing alkyltin compounds. 
MBT (retention time2.27 min.) 7 ng J-1, DBT (rt 7.46 min.) 18 ng t·l, 

TBT (rt I 0.87 min.) 36 ng t·l. TPhT (r.t. 20.66 min.) was not detected. 
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5.1.6. CALCULATION OF RESULTS 

The retention times of standards are used for id~nlilication purpo!res. The peak heights or areas of 
known quantities of standards are then used to calculate a response fuctor for each compound Lo the 
tripropyltin internal standard. Where a variety offoml8 ofthc compounds .rre compared (e.g. oxide, 
chloride), it is advisable to express the results in terms of the cation only. The amounts of each 
standard used are expr~ssed as the cation by multiplying the concentration used by a correction 
factor. i.e_ for trlpropyltin chloride Mol. wt.=283.2. (tripropyltin cation MoL wt.=247.8), the f,actor 
=0.875 (247.8 + 283.2). Hence the concentration of TPT cation present in the sample is: 20 pi of 
a 0.6 ng mr1 solution i.e. 120ng x 0.875 = !05 ng in the 2 I sample, or 52.5 ng r 1· 

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

Hx.Ci.R 
Cx = 

Hi 

where: 
Hx ~ the peak height or area given by the alky!tin cation 
Ci = the concentration of the internal ~'tandard cation in each litre of sample. 
R = the relative resporu;e of the internal standard cation (RI) to that of the alkyltin cation (RX) 

Ri 
R = ---

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

The linearity of the detector response should be ussessed for each GC. Typically the Hcwldl 
Packard 5890 FPD shows a linear response for concentrations of 50 pg to 900 pg alkyl tin compounds 
on-column. 

S.l. 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 dcrlvatization may be tolerated without compromising 
the precision and accuracy of the final determination. Hence only a one step dichloromethane 
extraction is employed, rather than sequential extraction steps. AI the 50 ng 1"1 level the mean 
recovery for TBTO relative to TPT ha~ heen fomd to be 88% (SO= 15; n=l2), DBTClz 88"/o 
(SD=5.8; n=S), MBTCIJ 84% (SD=5.3; n=S). The method has been evaluated in a number of 
laboratory intercalibrations. A low level intercalibration was organised recently hy 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 r 1 (SD 0.05), the above method gave a value of 
6.6 (SD- 0.05), markedly better in this case than the general pcrfunrumce values quoted above (Riair 
et al, 1992). in an intercalibration organised by the Community Bureau of Rc!Crence within the 
EEC, at a higher concentration, the method provided a result of 2.64 jlg r 1 (SD= 0.15). The mean 
of all values submitted was 2.84 1-1-g 1" 1 (SD=- 1.62). 

" 



5.2. SPECIATION OF ORGANOTIN HYDRIDES BY GCIMS 

GC!MS forms another suitable detection system for alkyltin hydrides extracted by the method 
described above. The flame photometric detector is replaced with a !!UI3S spectrometer set up in the 
electron impact mode with unit resolution. 

Fig.5 (a·e) show a C,C!MS separation and the mass spectra of di and triorgunotin compounds. 
Characteristic tin isotopic clusters give readily identifmble fragmentation patterns. The prominent 
peaks around masses 119 and 177 provide a useful confirmatory technique in identification of the 
pre~ence of tributyltin ai single nanograms per litre in water samples. 

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

5.3.1. PRINCIPLE 

Alkyltin comp01mds are extracted from animal tissues or sediments by sodium hydroxide and 
methanol, converted to hydrides and partitioned into hexane. The derivatives arc then analysed by 
gas chromatography with tlame photometric detection. The method was developed by Waldoek et 
al. (1989). 

5.3.2. REAGENTS 

Sodium borohydride powder. Purity 96% or better 

Hexane (glass distilled grade). 

Double distilled water. 

Sodium hydroxide and methanol reagent. Prepared by dissolving I g wdiwn hydroxide (98% pure 
or better e.g. AnalaR) in I l of methanol (99.8% pure or better e.g. AnalaR) to give a 1% solution. 

Authentic Standards: 
Butyltin trichloride. 
Dibutyltin dioxide. 
Bis (tributyltin) oxide. 
Tripropyltin chloride (Internal standard). 
Individual stock solutions of stano.lards are prepared by dissolving 0.1 g of each compound in 100 
ml of methanol to produce a solution containing l mg mf' of each compound. 
Individual working 50lutions are then prepared by dissolving 0.5ml of stock solution in SO m1 of 
methanol to provide a 10 j.lg rn1"1 solutioti. 
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Fig 5a. Scanning GCJMS of di and triorganotin hydrides. 
(a) Total ion current (concentrations as Fig.4). 
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Fig Sb. Scanning GC/MS of di and triorganotin hydrides. 
(b) Mass spectrum for DBT, (c) Mass spectrum for TPT, 
(d) Mass spectrum for TBT, (e) Mass spectrum for TPhT. 



A composite working standard may be prepared by adding 50 ftl of each working standard to a 
centrifuge rube containing 2 ml of distilled water, 8 m1 of sodium hydroxide/mctlmnol 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 b~ used to determine relative response factors for each compound 
delected by the flame photometric detector. 

5.3.3. APPARATUS 

Top drive all stainless steel homogeoiser (e.g. Ultraturrax) 

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

All glass and teflon micropipettes. 

30 ml capacity glass centrifuge tubes with PTIE lined screw-capped lids .. 

5 ml capacity tapered vials with PTFE lined screw-capped lids (e.g."Reactiviuls"). 

A wrist action shaker capable of holding the centrifuge tubes described above. 

Centrifuge with rotor to 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 co!utnn and coated 
with a cross-linked 5% phenyl methyl silicone fluid with a film thickness of 0.52 l'ffi· A retention 
gap consisting of one metre of deactivated, uncoated fused silica {0.53 mm ID) is attached to the 
injection end of the analytical colwnn in order to allow on column injection and better 
chromatographic resolution. Tile use of an auto~=pler and electronic data captore system is 
beneficial. 

5.3.4. METHOD 

Sediment preparation: Sub samples of 4 g of sediment are oven dried to constant weight at 1 05"C 
to detennine moisture content. Extraction of alkyl tin is then carried out on up to 4g of wet sediment 
sample, ensuring thai there. is at leairt 2 ml of water (either natural or added) in the sample. 

Animal tissues (shellfish and fish) arc homogenlsed and 4 g of the homogenate is LISCd for each 
analysis. 

An appropriate amount of internal standard {tripropyltin chloride) is added to the sediment or 1issue 
in a centrifuge tube; e.g. 50 J.d for samples containing 0.01 to I pg g"1 TBT. Double distilled water 
is added to the sample if necessary (see above). Sufficient 0.1% ~odium hydroxide in methanol i> 
then added to the sample to obtain a 4:1 MeOH:water (vlv) ratio. The minimum volume ofmelhanol 
reagent is therefore 8 ml and the maximwn, below 16 ml fbr sediment sumplcs. For shellfish, 10 
ml of sodium hydroxide/metltano! reagent i~ added for wei sample~. The tube is capped and shak<m 



for 45 min, then 2 ml of hexane and approximately I 00 mg of sodiwn borohydride are added. The 
sample is then shaken far 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 doe:> nol employ a "clean up" procedure, and is therefore rapid, extremely robust and 
suitable for a high throughput of mooitoring samples. Residues of extracted organic material do 
however tend to accwnulnte at the injection end of the analytical column/retention gap and degrade 
the perfonn!lilce of even the highest quality capillary columns. The retention gap :iliould 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 wilhin days of preparation. Extracts may be stored 
at -20"C for several weeks. The hydrides may be reformed by shaking extracts with 30() pi of 5% 
aqueous sodium borohydride. 

5.3.5. SUMMARY OF ME'l"HOD 

Alkyl tin hydrides in tissues and sediments: 

4g tissue/sediment/AQC material/blank/spiked sample 

add internil. standard 

adjust water content if necessary 

add 4 volumes of sodium hydroxide/methanol reagent 

shake 45 min. 

add 2 ml hexane and 100 mg sodiwn borohydride 

shake 15 min. 

centrifuge 

analyse hexruie by GC!FPD. 
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Fig 6. GCIFPD trace of an oyster extract. MBT (rt 2.31 min.) not detected, DBT 
(rt 6.68 min.) 0.009 )Jg g-l wet wt., TBT (rt 10.05 min.) 0.13 pg g-1 wet wt. 



Fig. 7. GCIFPD trace of a marina sediment extract MBT (rt 2.20 min.) not detected, 
DBT (rt 6.60 min.) 0.02 J.lg g-1 dry wt., TBT (rt 9.97 min.) 0.24 J.lg g-1 dry wt. 



5.3.6. CALCULATION OF RESULTS 

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

Hy~Ci ,R 
Cy= Jig g·1 (dr) wt. sediment, wet wt. tissue) 

HixW 

where: 
Hy = the peak height or area given by l1re alkyltin compowtd 
Ci =concentration of the internal standard (as the cation) in the tissue or sediment sample in Jig g"1 

R = the relative response of the internul standard (Ri) to that of the alkyl tin compolllld Rx 
Ri 

R = --· 
Rx 

Hi = peak height or area given by the internal standard 
W ~weight 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 sampie.'l 
previously spiked with TBTO, and comparing the resultant GC peak areas over a range of spiked 
concentrations_ The calculated recovery ranged from 90-97"/o (mean 93%) for sediment and 95-104% 
(mean 98%) for shellftsh tissue. However the use of an internal standard (tripropyltin chloride) 
which behaves in a similar way to IDT allows for loss of sample without compromising the 
precision and accuracy of the determination. The relative recovery for TBT, DBT and MBT to 
the internal standard is close to 100%. The detection limit for the method is 0.005 J.<g g"1 for TBT, 
0.010 I'S g-1 fur DBT and 0.02 I-'S g"1 for MBT. These limits may be reduced by concentration of 
the helCllllC extracts before GC analysis, however since a "clean up" procedure is not employed, 
concentrated swnp[es more rapidly degrade the performance of the capillary column. 



5.4. 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 to 
apply a clean np procedure before gas chromatographic separation of organotin oompounds. 
Hydrocarbons for example are known to quench the FPD response. 

The organotin hydrides formed using methods 5.1 and 5.3 are not stable, and it is difficult to achieve 
reproducible rec<:>veries from clean up columns. The alternative approach of fonning an alkyl 
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 Gcignard reagent to ethylate alkyl and aryl 
tin C(ltllpounds (however methyl, propyl or hexylmagnesiurn bromide may be substituted in the same 
method). The procedure has been developed for sewage sludge, but may be used for animal tissues 
and sediments. 

5.4.1. REAGENTS 

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

Diethyl ether 99.5% pure or better e.g. Ana\aR. 

Grignard reagent ethylmagnisiurn bromide 2.0 M solution in tetrahydrofuran. 

Diethyl etherltropolone reagent. 0.25% tropolone (pure m.p. 49-Sl"C) in diethyl ether. 

Hydrochloric acid, 35.4%. s.g. 1.18 (e.g. Ana\aR). 

Hexane (glass distilled grade). 

Calchnn chloride 99% (e.g. Ana\aR) 

Sodium sulphate 99.5"/o (e.g. AnalaR) 

Silica gel 60 pesticide residue grade 

Authentic standard:;; 

Butyltin trichloride 
Dibuiyllin dioxide 
Bis (tributyltin) oxide 
Tripropyltin chloride (Internal standard). 
Tripbt:nyltin chloride. 



Individual stock solutions of standards are prepared by dissolving 0.1 g of each compound in 100 
ml of methanol to produce a solution containiug 1 rug mi-1 of each compound. 
Individual working solutioru:; are prepar~d by dissolving 0.5ml of stock solution in 50 ml of methanol 
to provide a 10 l'g ml"1 solution. 

A composite working standard lmly be prepared by adding 50 Jt! of each working standm:d to 2 ml 
of diethyl ether and forming the ethyl d~rivative as outlined in s~ction 5.4.4. 

5.4.3. APPARATUS 

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

All glass and teflon micropipettes. 

Stainless steel top drive h<JI!logeniser ~.g illtraturrax. 

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

5 ml tapered vials with PTFE lined screw-capped lids (e.g."Reactiviuts''). 

A wrist action shaker capable of holding the centrifuge tubes described above. 

Centrifuge with rotor to accept the centrifuge tubes described above. 

Gas Chro~ru~tograph. Capillary colnnm instrument "'ith temperature programming and flame 
photometric detection, fitted with a 25 m x 0.32 nun ID fmled silica capillary culumn and coated 
with a cross-linked 5% phenyl methyl silicone fluid with a fllm thickness of 0.52 j.<111. A retention 
gap consisting of one metre of deactivated, uncoated fused silica (0.53 mm !D) is llthlched to the 
injection end of the analytical column in order to allow on column iqjection and better 
chromatographic resolution. The use of an antosarnpler and electronic data capture system is 
beneficial. 

5.4.4. METHOD 

Sludge preparation: Sub samples of 4 g of sewage sludge are oven dried to con..~tant weight at 105°C 
to determine moisture content. Extraction of organotin compounds is then carried out on lOg of 
sludge which is placed in a centrifuge tube. An appropriate volume of internal standard is added (50 
1'1 for samples containing O.o! to I 1'1?, g"1 organotins) 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/tropolone 
reagent is added aud the tube capped and shaken for 10 minutes. The sample is then centrifllged at 
2500 rpm for 10 min and the ether phase decanted aud placed in a 50 ml capacity flat bottomed flask 
contaning 5 g calcium chloride. The ether extraction step is repeated two more times and the 
extracts bulked. After swirling the flask to dry the ether phase, the 90lvent is decanted to a clean 
eentrifugt: tube aud blown dov.n to approximately 2ml. The extract is then combined with 0.5 ml 
of ethybnagnesium bromide reagent in a 5 ml capacity tapered vial, capped aud left for 10 min. The 



Grignard reaction is then stopped by careful addition of 2 ml 2M HCl. The aqueous phase is 
removed, discarded and the extract dried by addition of a small amount (approximately 100 rng ) 
of sodiwn sulphate. The volwne of the sample is then reduced to approximately 0.5 ml by blowing 
down with a gentle stream of nitrogen. 

A small chromatographic column is prepared using a Pusteur pipette containing 0.5 g of silica gel. 
The sample is then carefully added to the top of the column and organotins eluted o~ing 10 m1 of 
10% ether in hexane. The eluatent is reduced in volume to approximately 200 pi and I ,..I introduced 
to the GCJFPD. For GC conditions see Section 5.1.4. 

5.4.5. SUMMARY OF METHOD 

Organotins in sewage sludge: 

lOg sewage/AQC material/blank/spiked sample 

add internii. standard 

adjust pH 

bomoPise 

extract with ether!tiDpolone three time& 

dry extract with calcium chloride 

blow down to 2 ml 

add 0.5 ml Grignard 8nd leave for 10 min 

stop reaction wilh 2 ml 2M HCI 

dry ether phase with sodium sulphate 

reduce volwne to 0.5 ml 

clean up on silica gel column, eluting with 10 ml ether/hexane 

reduce volume 

analyse by GCJFPD 



5.4.6. CALCULATION OF RESULTS 

The retention times of standanls are used for identification purpose~. The peak heights or areas of 
known quantities of standards are then used to calculate a response factor for each compolmd. to the 
lripropyltin internal standard. The concentration of each alkyltin compound in the sample (Cy) is 
then given by: 

Hy.Ci xR 
Cy = ----------- p:g g·' (dry wt. sludge) 

Hix W 

where: 
Hy = the peak height or area given by the organotin compound 
Ci =the concentJation of the internal standard (as the cation) in the sewage sludge sample in p:g g·' 
R =the relative ~ of the internal standard (Ri) to that of the alkyltin compOlmd (Rx) 

Ri 
R= ... 

Rx 
Hi = peak height or area given by the internal standard 
W = weight of sample in grarna dry weight , 

5.4.7. PRECISION AND ACCURACY 

Recoveries for monoorganotin oompounds by this method were found to be 50 -60 %, 60 - 80% for 
diorganotin compounds and 50-60".4. for lriorganotin compounds. 'The detection limits for butyl and 
phenyltins in sewage sludge were 0.01 to 0.1 p.g cation g ·l dry weighL 



6. QUALITY ASSURANCE 

Water: 

The we of a relatively larg~ volume of water (750 to 2000 ml) prohibits the storage of a quality 
control sample. Analytical quality control is monitored by the addition of a standard (200 ng r' 
TBTO for Method 4.1 or 50 ng r' TBTO for Method 5.1) to either a 0.43 J.<ffi filtered sample of 
seawater, or to tap water, for salt and freshwater samples respectively. Tbrcc "spiked" samples are 
analysed with each batch (usually ten) of environmental samples. A single blank sample of water 
from the same source is analysed with each batch of environmental samples. 

Tissues and sediment!l: 

There are fuw sources of reference materials of certified organotin content. The National ResellTilh 
Council in Canada have produced a sediment with a certified TBT content (see Section 4.4.4.) and 
the Communi-ty Bureau of Reference are in the process of producing reference materials. "In hou.«e" 
refer= materials can be prepared and calibrated against certified materials. If necessary bivalves 
may he artificially contaminated with TBT by dosing holding tanks with TOT or those taken from 
sites known to be contaminated with TBT provide analytical quality control tissue_ Similarly 
sediments may be either artificially contamimct:ed or taken from naturally conmminated sites. Several 
hundred grams of tissue are homogeniscd and stored by freezing at -20°C. A single sample of 
quality control tissue is analysed with each batch, usually 12, of environmental samples. Amtlyst.s 
should refer to Reference Methods for Marine Pollution Studies Number 57 in this series to instigate 
a quality assurance pru;~ramme. Figures 8 and 9 show typical quality control diagrams for the 
methods described in Section 5.3.4. 
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Fig.8. A qua1ity control chart for lBT determinntions in oyster tissue. 
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Fig 9. Quality control charts for TBT determinations in sediments. 
(a) outer marina sediment, (b) spiked sediment. 



8. SOURCES OF REAGENTS AND APPARATUS. 

Some of the ,reagent~ and apparatus listed in the above methods are dilllr.:u!t to obtain. The 
following list includes known suppliers in the United Kingdom but is not exhaustive. Listing of a 
product docs not suggest 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, Dorset. 

Tropolone and AnalaR grade reagents: 
Merck L1d., Merck House, Poole, Dorset. 

Silica ge1 60: Merck (as above). 

Grignard reagent!i: 
Aldrich (as above). 

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

Narrow Band 610 nm filter for FPD: 
Ealing Electro Optics, Grey.:aine Rd., Watford. 
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