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Occurrence of Butyltin Compounds in Beluga
Whales (Delphinapterus leucas)
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Fifty-two beluga whale samples (Six liver (Kogia brevicepys and Atlantic spotted dolphin
samples, and 46 blubber samples including ones (Stenella frontaliy along the US Atlantic and Gulf
from different depths of the fat layer) from the  coasts’ It was suggested that the high accumulation
St Lawrence River, Canada, were analyzed for of TBT and DBT, which are potential immunosup-
butyltin compounds (mono-, di-, and tri-butyl- pressants, might have contributed to bottlenose
tin) with a view to investigating the occurrence  dolphin mortality events in these areas. Accumula-
and contamination of butyltin in these animals. tion of butyltin compounds was also found in
A special procedure was also developed for the dolphins Platanista gangetica in freshwater
determination of butyltin compounds in blubber  systems’
samples with high lipid content (up to 95%). The beluga whalesDelphinapterus leucgsin
Total-butyltin concentrations in liver samples the estuary of the St Lawrence River have been the
were found to be much higher than those in the subject of intensive investigation. Studies included
blubber samples. The concentrations of butyltin  toxic compounds and health and reproductive
compounds in blubber samples were observed to effects® as well as the presence of lipophilic
be related to their lipid content. Concentration  organochlorine compounds such as polychlorinated
levels of butyltin species in beluga whale were biphenyls (PCBs) and chlorinated pesticides.
compared with those in other marine verte- The objective of this study was to determine
brates in other parts of the world. The presence concentrations and accumulation of butyltin com-
of butyltin compounds in liver and blubber  pounds in blubber and liver of beluga whale
samples suggests the accumulation of these collected in the St Lawrence River estuary. To
toxicants by beluga whale.© 1998 John Wiley our knowledge, this is the first report on the
& Sons, Ltd. occurrence of butyltin compounds in beluga
whales.
Appl. Organometal. Cherl2, 851-656 (1998) The lipid content in blubber samples from beluga
Keywords: butyltin; TBT; DBT; MBT; beluga whales is high, ranging from 68 to 96%. Normal
whales; St Lawrence River estuary digestion methods are not suitable for this type of
sample. A special procedure had to be developed
for fat removal before the analysis. The present
study describes an efficient clean-up procedure for
fat removal prior to speciation analysis of the
derivatized butyltin compounds by the gas chro-
matography — plasma atomic emission spectro-
INTRODUCTION metry (GC-AED) technique.
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The occurrence of butyltin compounds in the
aquatic environmeht® and aquatic organisrfrs

has been reported in the literature. Recently, th
occurrence of tributyltin and its degradation(i\"ATERIAI's AND METHODS
products has been reported in marine bottlenos

dolphins Tursiops truncatus pygmy sperm whale The organotin compounds and special reagents

were obtained from either Alfa AESAR (Ward Hill,
* Correspondence to: F. Yang, National Water Research Institute MA, USA) or Aldrich (Milwaukee, W1, USA). The
Department of the En.vir-onmen’t, Canada Centre for Inland Waters,Carrler gas for the chrqmatography .and make_up
Burlington, ON, Canada L7R 4A6. gas for the plasma (helium, high-purity, 99.999%)

E-mail: fan.yang@cciw.ca. and the spectrometer purge gas (nitrogen, ultra-high
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purity) were suppliedby Canox (Canada).Other
solvents, acids and common laboratory reagents
were of analytical grade. Distilled water further
purified by the Milli-Q system(Millipore, USA)
was usedthroughoutthe experiments.Individual
stock solutions of organotin compounds
(1000pg mI—* as Sn) were preparedby dissolving
the equivalentamountsof organotinin methanolor
toluene. Speciationanalysisof the butyltin com-
poundswascarriedout by the GC-AEDtechnique.
A descriptionof the GC-AED systemand opera-
tional parametershave beengiven in a previous
publication®

Samplesf blubberandliver from belugawhale
(Delphinapterusleucay, found dead in the St
LawrenceRiver estuarywereobtainedrozenfrom
Dr R. Bailey of the Institute Maurice Lamontagne,
Departmentof Fisheriesand Oceans,Mont-Joli,
Quebec.All sampleswere frozen, and storedin
amber glass jars. They were freeze-dried and
homogenizedn our laboratory and storedin the
freezer before analysis.Water sampleswere not
available, so it was not possible to estimate
bioaccumulatiorfactors.

Sample digestion and clean-up

Difficulties in speciation analysis of biological

samplesinclude dissolution of sampleswithout

destruction of the chemical structures of the

analytes,and the isolation of the analytesfrom

the complex sample matrices for analysis. The

conventionalacid digestionor ashingtechniques
with oxidizing acidsarenot suitable.This problem
has been overcome by the use of a tissue
solubilizer, such as tetramethylammoniuntnydro-

xide (TMAH), which dissolvesthe sample and
liberatesthe analytesof interest'*

Liver samples

Sampleq1 g) containingtripentyltin (TPeT)asan
internalstandard0.5ml of a 1ug Snml~* solution;
absoluteamount,0.5ug as Sn) were digestedin
5ml of 25% aqueousolutionof TMAH in a50mi
Erlenmeyeiflask at 60°C on a hot platefor 60 min
with occasionashaking After theadditionof 10 ml
of water,5 ml of aceticacid, 6 g of NaCl and4 ml
of 0.2% tropolone—toluenesolution, the mixture
was stirred magneticallyfor 60min, after which
2ml of toluenewas removedand dried using a
streamof nitrogen.The volumewas broughtback
to 1 ml with hexaneandthe mixturewasallowedto
reactwith 0.5ml of ethylmagnesiunbromide(1.0m

© 1998JohnWiley & Sons,Ltd.

in THF) for 5min. After the destructionof the
excessethylmagnesiunbromide by 3 ml of 0.5v

H,SQ,, the organic layer was removedquantita-
tively andcleanedby silica gel in a micro-column
usinga Pasteupipette(packedwith 5 cm of silica
gel, toppedwith 1 cm of anhydrousNa,SOy) and
elutedwith 5ml of hexane After reductionof the
eluatevolumeto 1 ml by nitrogen,1 ul of theeluate
wasinjectedinto the GC—AED systenmfor analysis.

Blubber samples

Blubber samplescontain mostly fat and lipids
which causedifficulties in sampledigestion and
clean-up.The useof a tissuesolubilizer, suchas
tetramethylammoniumhydroxide (TMAH), was
investigatedin breaking down the complex ma-
trices before the clean-up procedures.A single
stageclean-upwith silicagelwasfoundinsufficient
toremovethefat. Double-stagelean-upwith agel-
permeationchromatography{GPC) techniqueand
silica gelwasused.

A 1g blubber samplewas weighedin a 50 ml
Erlenmeyerflask, 5ml of 25% aqueousTMAH
solutionwasaddedandthe samplewasdigestedor
60min at 60°C. Then5 ml of aceticacid, 10ml of
H,0, 6g of NaCl and 3ml of 0.4% tropolone—
toluene solution were addedand stirred magneti-
cally for 60min; the organic layer was removed
quantitativelyby addingwaterto the flaskto bring
the solvent up to the neck of the flask, and
evaporatedo 2ml in a testtube by a streamof
nitrogen.Theextractwasallowedto reactwith 1 ml
of ethylmagnesiumbromide (1.0M in THF) for
5 min. Theextractionandderivatizationprocedures
wereslightly modifiedby increasinghe amountof
reagentgo counteractthe large amountsof lipids
and other organic compoundsresulting from the
destructiornof the samplesAfter destructionof the
excessethylmagnesiumbromide by addition of
4ml of 0.5M H,SO, the organic layer was
gquantitatively removed and loaded into a gel-
permeation chromatography column (GPC),
2.3cm (i.d.) x 50cm (height), filled with pre-
washedBiobeads S-X3, 200—400mesh.The GPC
columnwaselutedwith a hexane—dichloromethane
solution (50:50, v/v) to separatethe butyltin
compounds from the co-extracted lipids. The
fraction (100—140ml) which had beenshownto
containthe butyltin compoundsindsomeco-eluted
lipids (lessthan5%) wascollected A furtherclean-
up step was required to remove the residual
impurities presentin the eluate.After evaporation
of the eluateto 1-2ml, it wasloadedontoa silica-
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Table 1 Recoverieof butyltin compoundsrom spikedbelugablubbersamplé

MBT

DBT

TBT TPeT

Recovery(%) 93.2+7.9

91.0+4.4

81.0+£5.2 81.0+£3.3

@n=23. Spike:0.1pug Sn/gblubbersample.

gel column(15cm x 1.5cmii.d.) containingabout
6 g of silica gel packedfrom bottomto top in the
following order: glasswool, silica-gel bed, 1cm
anhydrousNa,SO;. The butyltin compoundsould
be elutedquantitativelyby 25ml of hexane After
reduction of the eluate volume to 1-2ml under
reducedpressuren arotaryevaporatoat 30°C, the
eluate was transferredto a test-tubeand further
evaporatedindera streamof nitrogento 1 ml, from
which 1 ul wasinjectedto the GC—-AED systemnfor
analysis.

Lipid contentwas determinedby mixing a 1 g
blubbersamplewith anhydrousodiumsulfate,and
milling with 10ml of hexane.After centrifuging,
the solution was removed and another10ml of
hexanevasaddedo repeathelipid extraction.The

hexaneextracts were combined and evaporated.

The weight of the residuewasusedfor calculation
of thelipid content.

Recoveries

Theexperimenbntherecoveriesvasperformedoy
spiking 100pul of a mixed MBT, DBT, TBT and
TPeT standardsolution (1 pg Snml~2) into 1 g of
butyltin-freeblubbersample The samplewasdried
in the air for 1 h and carried through the whole
extractionprocedurementionedabove.The recov-
erieswere evaluatecby comparingthe peakareas
with those of the correspondingbutyltin com-
pounds of a mixed standard solution directly

derivatizedwith ethylmagnesiunbromidewithout
the sampleand without going throughthe extrac-
tion andthe clean-upprocessesThe recoveriesof
the individual butyltin compoundsare given in
Table 1, representinghe absoluterecoveryof the
method.In spite of the multiple stepsin sample
dissolutionand clean-upprocedurethe recoveries
for individual butyltin compoundsare satisfactory.
The concentrationsof butyltin compoundsin
belugatissuesverenotcorrectedor therecoveries.

RESULTS AND DISCUSSION

Analysisof biological sampleshormally requiresa
digestion step for breaking down the tissue to
releasdheanalytesof interestbeforeanyanalytical
procedures.For elementspeciationanalysis, the
commondigestionproceduresnvolving the useof
strong acids or oxidizing agentsare not suitable.
Two techniquedavebeenusedsuccessfullyor the
digestionof biological samplesvithout alteringthe
chemicalforms(speciationpf theanalytespamely
enzymehydrolysiswith mixedenzymeglipaseand
protease%é and use of tissuesolubilizers,suchas
tetramethylammoniuniydroxide (TMAH).*3 The
tissue solubilizer was preferred becauseof its
effectivenessn digestingthe samples:
AlthoughgelpermeatiorchromatographyGPC)
is effective in removing lipids from biological

Table 2 Concentration®f butyltin compoundsn belugaliver sample8

Concentratior(ng Sng ™ dry wt)

Sampleno. Se® Age (y) MBT DBT TBT BT TBT/BTs
DL-143-88 f 0.1 —d — — — —
DL-10-88 f 1.3 196.2 — 2.0 198.2 0.010
DL-1-88 m 35 106.4 203.2 87.1 396.7 0.220
DL-12-88 f 16 303.1 396.6 101.2 800.9 0.126
DL-7-88 m 19+ 3721 72.2 72.3 516.6 0.140
DL-8-88 m 20+ 845.7 515.3 84.1 1445.1 0.058

&n=3,RsD=2.5-18.3

bf, female;m, male.

¢ Total butyltin BTs=MBT + DBT + TBT.
9, Not detected < 0.5ng Sn/gdry weight).
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samples, it cannot totally separatethe lipid  study of accumulation of tributyltin and its
componentsand derivatizedorganotinspeciesin  degradatiorproductsin dolphinsandwhales® the
beluga blubber samples. A second silica-gel  high total butyltin concentrationsvere also found
column was necessaryto clean the residual in liver, indicatinghighconcentratiofiactorsin that
impurities.After the two-stageclean-upprocedure, organ.
the interferencedue to lipids was eliminated for Most of the 28 beluga blubber sampleswere
chromatography. takenfrom the middle of the fat layer. TBT was
All threespeciesof butyltin (TBT, DBT, MBT)  presenin 27 of themwhereaDBT wasfoundin 16
werepresenin four of thesix liver sampleqTable  samplesand MBT in only six samples(Table 3).
2). In each sample, the concentrationsof both  Thepatternof distributionof butyltin compoundsn
degradatiorproducts DBT andMBT, werehigher  blubbersamplesvasquitedifferentfrom thatin the
thanthatof TBT, suggestinglegradatiorof TBT in  liver samplesThe overall total butyltin concentra-
the samplematrix. In onesamplethe MBT species tionsin liver tissueweregenerallyhigherthanthose
was presentin high concentrationwithout the in the blubbertissue.Sincethe concentrationf
presenceof DBT and TBT. DBT andMBT in liver tissuewerehigherthanthat
That the total butyltin (TBT + DBT + MBT)  of TBT, highdegradatiomatesof TBT in liver were
contentin the liver increaseswith the ageof the  suggestedThe lack of degradatiorproductsin the
whale suggestshigh accumulation factors for  blubber tissue may indicate that the degradation
butyltin in the belugaliver. In an independent rates are lower in fat matrix, or, if there was

Table 3 The concentration®f butyltin compoundsn belugablubbersampled

Concentratior(ng Sng™* dry wt)

Lipid
Sampleno. Se¥ Age(y) (% wetwt)®  Depth MBT DBT TBT
DL-10-88 f 1.3 86 Middle —d 54+1.3 10.74+ 0.4
DL-102-87 f 25 86 Top d® d d
DL-1-88 m 35 87 Middle — — d
DL-101-91 m 11+ 68 nrf 3.2+0.0 6.6+ 1.0 17.6+1.4
DL-126-86 m 14+ 96 nr — — —
DL-12-88 f 16 91 Top — d 10.5+0.5
DL-1-87 f 18+ 88 Middle — 9.4+ 1.3 6.3+ 1.3
DL-3-87 f 194+ 86 Middle — — 10.24+:34
DL-7-88 m 19+ 77 Middle d 7.8+1.9 18.8+0.9
DL-109-87 f 19+ 86 Middle — — 9.1+£1.0
DL-1-91 f 194+ 81 Middle — 3.3+04 17.8+:1.4
DL-8-88 m 20+ 82 Middle d d 8.6+ 0.1
DL-163-88 f 20+ 89 Middle — 6.04+0.3 21.94+0.9
DL-6-91 m 20+ 78 Middle — d 7.3+£0.3
DL-127-86 m 20+ 86 Middle — — 49404
DL-4-88 f 21+ 85 Middle — 43+0.3 10.74+0.6
DL-13-88 f 21+ 86 Middle — — 7.44+19
DL-9-88 f 22+ 91 Middle — 2.8+0.4 10.0+£0.1
DL-130-87 m 22+ 87 Middle — — 9.7+ 04
DL-3-91 m 22+ 85 Middle — d 11.6+0.4
DL-14-88 f 23+ 88 Middle — — 6.94+0.9
DL-106-88 f 23+ 89 Middle — — 8.1+0.9
DL-125-87 m 23+ 79 nr d d 16.94+0.6
DL-2-87 f 25+ 86 Middle — — 4.3+0.5
DL-11-88 f 25+ 87 Middle — — 5.94+0.3
DL-2-91 f 27+ 85 Middle — 8.3+05 19.0+1.0
DL-133-87 f 29+ 85 Middle — — 7.840.9
DL-139-88 f 31+ 88 Middle d d 23.9+0.9
an=2.

bf, Femalem, male.

¢ Hexane-extractablkpids.

4 | Not detected < 0.5ng Sn g~ dry weight).
°d, Detected( < 2ng Sng * dry weight).

hr, No record.
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Table 4 Theconcentration®f butyltin compoundsn different fat layersof belugawhale$

Concentration
(ngSng~* dry wt)

Sampleno. Depth Lipid (% wetwt)®  MBT DBT TBT
DL-4-88 Top 94 e — 6.1+03

Middle 85 — 4.3+0.3 10.74+0.6

Bottom 81 d 22.3+0.7 30.1+ 0.5
DL-7-88 Top 87 — 6.4+0.1 11.1+15

Middle 7 d 7.8+1.9 18.8+0.9

Bottom 72 5.44+0.2 7.8+0.3 20.6+ 0.3
DL-8-88 Top 89 — d 4.3+0.9

Middle 82 d d 8.6+0.1

Bottom 77 3.9+04 6.6+0.8 21.3+3.7
DL-9-88 Top 91 — — d

Middle 91 — 2.8+0.4 10.0+0.1

Bottom 87 — 7.4+0.5 25.7+ 3.4
DL-10-88 Top 94 — — d

Middle 86 — 54+1.3 10.7+ 0.4

Bottom 80 7.0+0.1 5.3+0.3 17.1+ 0.5
DL-12-88 Top 95 — — d

Middle 84 — d 10.5+ 0.5

Bottom 86 d d 16.2+0.1

dn=2.

b Hexane-extractablbpids.

€, Not detected< 0.5ng Sng™* dry weight).
9 d, Detected(< 2ng Sng ! dry weight).

degradationthe productsDBT andMBT maynot few selectecblubbersamplesvheresamplesvere
have beenretainedin the fat mediumdue to the taken at different depthsof the fat layer, it was
hydrophilicity of thesemolecules(Table 3). In a  observedhatconcentrationsf butyltin compounds

Table 5 Butyltin compoundsn marinevertebrates

Animal n MBT DBT TBT Reference

US Atlantic and Gulf coasts

Liver
(Bottlenosedolphins) 17 22-1537 28-4233 2.4-316 6%

Blubber 1 53 158 98 6
(Bottlenosedolphins)

Liver 2 11-116 29-194 5-31 62
(Atlantic spotteddolphins)

Blubber 1 75 6 33 62
(Atlantic spotteddolphins)

Liver 3 59-109 122-148 2-5 6°
(Pygmyspermwhale)

MediterraneanSea

Blue shark

Liver 5 3-9 2.2-3 5-9 142
(Blue shark)

Blubber 5 <34 <05 0.4-3.7 142
(Blue shark)

StLawrenceRiver, Canada

Blubber 28 0-2.9 0-8.3 0-20.8 This work?
(Belugawhales)

Liver 6 0-68.2 0-41.6 0-8.2 This work?

(Belugawhales)

& Original concentrationsig/g wet wt. (asthe cation)were convertedo ng/g wet wt. (asSn)for comparison;
b Original datain ng Sn/gdry wt. were convertecto ng Sn/gwet wt. for comparison;
n=numberof samples.
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variedwith thedepthof thefat layer(Table4). The
concentrationsof butyltin compoundsin blubber
samples were observedto be related to lipid
content. Higher butyltin concentrationswere al-
ways found in the bottom fat layer, which
comprised a relatively lower lipid content and
visually observableblood and muscletissue.The
butyltin compoundsare polarin different degrees,
with the MBT beingthe mostpolar speciesitheir
concentrationst the variousdepthsof thefat layer
with differentlipid contentsareexpectedAll three
butyltin specieswere detectedin most samples
containinglessthan80% lipids, whereagheywere
barely presentin the blubbersampleshavinglipid
contentgreaterthan 90%. It is believedthat the
lipid contentaffectsthe bioaccumulatiorof butyl-
tins in blubber of belugawhale, so it becomes
difficult to interpretthe concentration®f butyltin
compoundsin fat layers from belugawhales of
differentagesin Table 3.

Theratio of TBT concentratiorio total butyltins
[TBT + DBT + MBT] is often usedas an indica-
tion of degradabilityof TBT in different media®
The ratiosfor belugaliver samples(n = 6) ranged
from 0.01to 0.22, (average= 0.11), which might
indicatethat TBT wasmetabolizedht fasterratesin
liver thanin thefat tissue wherethe concentration
of TBT wasdominantin mostsamplesDespitethe
small numberof samplesnvestigatedthe concen-
trations of butyltin compoundsin beluga whale
were comparablewith thosereportedin dolphing
and other marine vertebrate¥' caught in other
locations(Table 5). The butyltin concentrationgn
liver and blubbertissuesof belugawhale werein
general comparablewith those in the Atlantic
spotteddolphins,but quite different from thoseof
the Mediterranearblue sharksand of the pygmy
spermwhales.In other words, both thesemarine
mammals may exhibit a similar physiology in
accumulatinganddegradingributyltin compounds
in their ambientenvironment.
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