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Butyltin concentrations in the sediments of two
coastal areas of British Columbia, Canada, are
reported. Two recent box cores from the deepest
basin in the Strait of Georgia were sectioned and
analyzed by GC—atomic emission spectrometry.
No butyltin compounds were detected above
0.5pgSn kg * (dry weight) in either core. These
results are compared to those for a previous
(1991) core from the same area. In that study,
tributyltin (TBT) concentrations were in the
range 1-2ugSn kg ' down the core and were
higher than those of either of the degradation
products, dibutyltin (DBT) and monobutyltin
(MBT). Radioisotope dating ¢*%0-**%Pb count-
ing methods) was used to establish the rates of
sedimentation of 0.25 and 2.6 cm V" at the two
sites. Data suggest that a combination of rapid
deposition of new, less-contaminated material
and degradation of previously deposited butyltin
compounds has resulted in the observed absence.
Thirty-three surface sediments from the north-
ern BC coastal harbor at Prince Rupert,
collected in 1995, were analyzed for butyltin
residues by GC—FPD. Concentrations of TBT,
DBT and MBT were in the ranges from below
the appropriate limit of detection (LOD) to 1262,
to 109 and to 37ugSn kg !, respectively. TBT/
DBT ratios ranged from 0.2 to 62 with most
above unity, indicating that there is continuing
fresh input of TBT. The sources are almost
exclusively large ocean-going vessels that use the
harbor for long-term anchorage. These findings
are discussed with reference to the global TBT
status. © 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

The impact of the release of organotin biocides into
Canadian waters has received much attention since
the mid-1980s. Of particular interest was the
impact of tributyltin-based marine antifoulants on
coastal waters and their resident biota. Research
and monitoring programs demonstrated that coastal
British Columbia waters, in particular, were some
of the most contaminated in North Ameri¢g.

In 1994, we reported the presence of lqwg (Sn
kg™1) concentrations of TBT and its degradation
products, dibutyltin (DBT) and monobutyltin
(MBT), in deep (400 m) sediments of the Strait of
Georgia®> Data reported for a core recovered in
1991 indicated that TBT had degraded very little
down the sedimentary column and that it was the
dominant butyltin component.

More recently, we examined the sediment
columns from three major shipping harbors and a
marina in southern British Columbia. This exercise
was designed to assess the effects of controls
imposed on the use of TBT-based hull paints in
1989°7 Data for cores from Vancouver harbor
indicated that TBT concentrations remained ele-
vated and showed no signs of decreasing and that
there appeared to be continuing input of fresh
material. Data for the smaller harbors at Victoria
and Esquimalt indicated lower concentrations of
TBT and its degradation products. Values for the
marina sediments showed a clear maximum that we

correlated with the imposition of the 1989 controls.

We were also able to estimate a half-life value for
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Figure 1 The Straitof Georgia,showingcoresites.

TBT in the marina sedimentswhich was longer
thanany previouslyreported®

In this report, we presentthe resultsof recent
studiesin two coastalareasof British Columbia.
The first is a reassessmerf TBT in the deep
sedimentsat two sitesin the Strait of Georgia,in
which a comparisonis madewith datafrom the
1991 core. Secondly, we report results of a
sedimentstudy in Prince Rupertharbor,the only
major shippingport on the northernBC coast.

© 1998JohnWiley & Sons,Ltd.

MATERIALS AND METHODS

Sampling

Sedimentcoreswere collectedat two sitesin the
Straitof Georgiain Septembel995andMay 1996.
Coordinates for the two sites, both in deep
depositionalareasof the strait, are shownin Fig.
1. A modified stainless-stedbox corer (Kahlsico,
SanDiego, USA) was utilized. The depthsof the
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Figure 2 PrinceRupertharbor,with samplingsites.The small mapindicatesthe city location.

two cores,SOG-1andSOG-2 were327m and405
m, respectively.Cores were frozen immediately
afterretrievalby completeimmersionof theboxin
an isopropanol—dryice bath at —78°C. Freezing
timeswereupto 1 h. Frozencoreswerewrappedn
Teflon film and were returnedto the laboratory,
wherethey were sectionedn a cold room (—5°C)
using a carbide-tippedrotary saw blade.Previous
tests had shown that there was no apparent
contamination of samplesby this method. No
cutting oils were usedand the blade was washed
with acetonebetweenuses.Samplesveretakenat
1 cmintervalsin thetop 10cm, at 2 cmintervalsto
20cm and at 5c¢cm intervalsto the 40cm depth.
Sectionsweresplit for chemicalanalysisand®*Pb
dating. Samplesfor butyltin determinationswere
maintainedat —20 °C until further work-up.
Thirty-three surficial sediment samples from
Prince Rupert Harbor (Fig. 2; generallocation,
54° 19.2 N latitude, 13C° 20.0 W longitude)were
recoveredusing a stainless-steebmith—Maclintyre
grabon 25-26Septembel 995.A samplinggrid of
1 km x 0.3—0.5km was used.Subsamplesepre-
senting the top 2-3cm of the sedimentcolumn

© 1998JohnWiley & Sons,Ltd.

were removedwith a plastic scoopand frozenin
polyethylenebags(—20°C).

Samples intended for the determination of
butyltin compoundswverefreeze-dried Dried sam-
ples were homogenizedand screened(stainless-
steel mesh); the fraction passing 149um was
retainedfor analysis.Sampledfor isotopeanalysis
were sentfrozento Flett Researchtd, Winnipeg,
Canada.

Analysis

Sediment core samples were analyzed at the
National Water Researchnstitute of Environment
CanadaBurlington, ON, Canadaaccordingto the
methodof Chauet al.® Sampleq1g dry wt.) were
stirred magneticallyfor 1 h after the addition of
100ul of a solution of tripentyltin chloride (1 ug
Snml™1) asinternal standard Glacial acetic acid
(20ml), water (20ml), NaCl (8 g) and a 0.5%
solution(15ml) of tropolonein toluene An aliquot
(4.0ml) of theextractwasremovedandevaporated
almostto drynesswith astreamof nitrogen.Hexane
(I ml) was added, and the solution was again
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Core SOG-2
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evaporatedalmostto dryness.The volume of the

extractwas adjustedto 1 ml with hexaneand the

extract was allowed to react with 0.5ml of

ethylmagnesiunbromide (1.0M) for 10min. The

excessGrignardreagentwasdestroyedoy shaking

with 2ml of 1M H,SO; (1 min). The colored

substancesderived from the sedimentand the

excesstropolone were removed by a silica-gel

clean-up using a Pasteur pipette minicolumn

(15cm x 1 cmi.d., containingapprox.4 g of silica

gel). The extractwas appliedto the column and

elutedwith 5 ml of hexaneTheeluatewasreduced
in volumeto 1 ml before analysis.Sampleswere

analyzedin duplicate by gas chromatography—
atomicemissiondetection(Hewlett—Packard).

Limits of quantificationanddetection(LOQ and
LOD) for eachorganotinspeciesn sedimentwere
2.5u9Snkg* dry weightand 0.5ugSnkg* dry
weight, respectivelyfor a2 g sample.

Grab samplesfrom Prince Rupert harborwere
also extractedaccordingto the methodof Chauet
al.® Analysis was performed at the Institute of
Ocean Sciences,Sidney, BC, Canada,using a
Hewlett—Packardnodel 5990 gas chromatograph
fitted with a slit/splitlessinjector, autosampleand

© 1998JohnWiley & Sons,Ltd.

flamephotometricdetectoroperatingat 610nm. In
this case 5 g samplesvereanalyzedwith diethyltin
dichloride as the internal standard.Pentylmagne-
sium bromide (2m) was the alkylating agent.
Limits of detectionrangedfrom 1 to 5 ugSnkg ™.
Recovery efficiencies were measuredfor the
butyltin speciesusing the marine analytical stan-
dard, PACS-1(National ResearchCouncil, Cana-
da).Recoveriesvere75.4,66.4and147%for TBT,
DBT andMBT, respectivelyThehighrecoveryfor
MBT mayreflecthigherrecoveriesttributedto the
useof toluene(367%),asreportedby Chauetal.’

RESULTS AND DISCUSSION

Strait of Georgia cores

No butyltin compoundsverefoundabovethelimits
of detection (0.5pgSn kg™ in any of the core
sectionsobtainedfrom the two sitesin the Straitof
Georgia.

Thetwo coresin this studywererecoveredrom
the deepestareasof the Georgiabasin,which has

Appl. OrganometalChem.12, 643-650(1998)
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been subjectedto input of a wide range of
contaminantsfrom metropolitan areas,pulp and
papermills, and mines.It would be expectedthat
such an area should provide valid depositional
historiesof contaminandistribution°-**

We examined20 sectionsfrom eachcore.Core
SOG-2(Fig. 1) wasremovedfrom a site nearone
sampledin 1991° Core SOG-1was obtainedat a
point severalkilometers south, where sedimenta-
tion from the FraserRiver during spring runoff is
more significant. All three butyltin compounds
werefoundin the 1991 coreobtainedfrom a sitein
Ballenas Basin (SOG-2)° In that study, gas
chromatography/masspectrometryGC-MS)was
themethodof analysishoweverJimits of detection
werecomparablevith thatusedfor thiswork. In the
former study, concentrationsvere in the rangeof
0.2-2ugSn kg~t. Although the data are not
definitive, it canbe inferredfrom theseresultsthat
in the four- to five-yearperiod sincethe previous
sampling, degradativeand sedimentaryprocesses
haveactedto reducethe butyltin levels.

Ratesof sedimentatiorwere estimatedfor both
of the cores from this current study using
210pp21%0 counting methods?> Accumulated
dry-weightsedimenaindsedimentepthareplotted
againssupported%Poactivity in Fig. 3 for thetwo
cores. Fig. 3(A) shows a nearly vertical plot,
indicating conditionsof very rapid deposition,or,
conversely,a high degreeof mixing. Given the
depth and the low level of biological mixing
observedtheformerprocesavould dominate Data
from depthsof 4—20cmwereusedio modeltherate
of accumulation.The nearly vertical profile pre-
cluded a good linear correlation (R*=0.72) and
provided an estimate of 1.4gcm 2 y * (or
approximately2.6cm y—%). For core SOG-2,the
Elot of cumulative sedimentdry weight versus

%o activity (Fig. 3B) wasagainnearlyverticalin
thetop 8 cm, indicatingsomemixing atthesurface.
However theslopeof theregressiottine belowthat
point (to 30cm) was lower and permitteda better
estimateof the sedimentatiorrate. Here, a rate of
0.13gcm 2 y~* (0.25cm y 1Y) was estimated
(R*=0.97). Various studie!al have estimated
sedimentatiomatesin the Straitof Georgiato bein
therange0.6-2.7gy . Particulatedepositiorfrom
all riverinesourcesprimarily the FraseRiver,is in
therange(12-30)x 1Pty 1.1°

The half-life of TBT in sedimentshas been
estimatedo bebetweerafew daysanddecades;*®
dependingon the biogeochemicapropertiesof the
substrate.Degradationrates of TBT are highly
dependenbntheavailability of light, heat,oxygen,

© 1998JohnWiley & Sons,Ltd.

organic carbon and bacterial activity. In deep
sedimentsof the type reportedhere, there is no
light; temperaturesire generallylessthan 10°C,*°
and anoxia can exist at or near the surface.In
shallow, anoxic, marina sedimentsa half-life of
approximatelydy for TBT wasestimated.

As notedabove the coretakenin 1991 provided
TBT valuesof about2 pgSnkg* and the profile
down the core was essentially featureless. In
addition, concentrationsof DBT and MBT were
lessthanthoseof TBT. Thesedatasuggestedhat
degradationof TBT was extremely slow and,
possibly, that the input of TBT from overlying
watershad beenconsistentsinceabout1972. The
reduction of TBT usageon the southernBritish
Columbia coastin the yearsfollowing 1989 has
resultedin measurablaelecreasesf TBT in biota
and in the effects of TBT as indicated by the
incidence of imposexin neogastropodvhelks?’
Themajorinputof TBT is nowprimarily from large
ocean-goinghips.Thus,the depositionof TBT on
deepsedimentawayfrom majorharborswould be
expectedto reduce commensuratelyand would
account for the reduction of butyltin levels in
surfacelayers. Reductionsof butyltin compounds
in subsurface sediments may be ascribed to
chemicalandbiological processedn the Strait of
Georgiasedimentf this presentstudy, sufficient
degradatiorhasoccurredto reduceconcentrations
below the detection limits of current analytical
methods.Similar decreasetave beenreportedin
other areaswhere TBT input has been severely
retarded Neverthelessthereremainstrongindica-
tions that further reductionsmay be required to
reduce inputs to major harbors and shipping
corridors.

Prince Rupert harbor

Resultsof the analysef 33 PrinceRupertharbor
surfacesedimentgFig. 2) for butyltin residuesare
shownin Tablel. With afew exceptionsTBT and
DBT weredetectedn all sampleswhile MBT was
detectedn only six. Tributyltin valuesrangedirom
below the limit of detectionto 1262ugSn kg2,
with most values below 100pgSn kg™t (dry
weight).Dibutyltin concentrationsangedrom less
than the detectionlimit to 109ugSn kg™, while
MBT values ranged from below detection to
27ugSnkg~t. TBT/DBT ratios rangedfrom 0.2
to 62.

Samplesrom two stationgP2andP23)hadTBT
valuesof 1262 and 647pugSn kg™, respectively.
Although anomalousin this data set, thesecon-
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Table 1 Butyltin datafrom PrinceRupertharborsurficial sediments;1995

Sample Depth TBT DBT MBT

no. (m) (rg kg ™) (rgkg™) (rg kg ™) TBT/DBT
P1 60 33.8 9.0 ND? 3.8
P2 60 1262 20.2 ND 62
P3 50 12.4 3.82 ND 3.2
P4 50 73.4 ND ND —
P5 50 27.9 48.3 12.8 0.6
P6 62 ND 7.3 ND —
P7 62 57.9 41.4 12.3 1.4
P8 37 188 19.9 ND 9.4
P9 38 38.5 40.6 ND 0.9
P10 45 ND 83.6 ND —
P11 46 50.8 ND ND —
P12 32 19.0 17.0 ND 1.1
P13 45 ND 17.9 ND —
P14 43 31.2 26.0 ND 1.2
P15 20 ND 4.5 ND —
P16 36 27.8 11.0 ND 25
P17 36 38.6 12.6 13.1 3.1
P18 40 11.1 11.9 ND 0.9
P19 31 27.6 22.8 ND 1.2
P20 29 29.9 11.1 10.9 2.7
P21 40 14.3 22.8 36.6 0.6
P22 56 79.6 32.8 ND 2.4
P23 61 647 30.0 ND 22
P24 30 31.7 10.0 ND 3.2
P25 22 26.2 29.3 ND 0.9
P26 33 72.2 56.9 ND 1.3
p27 33 41.0 7.62 ND 5.4
P28 35 25.3 8.48 ND 3.0
P29 41 24.8 109 ND 0.2
P30 42 ND 58.8 ND —
P31 38 38.8 47.8 27.0 0.8
P32 21 11.4 175 10.5 0.7
P33 43 ND 37.1 ND —

aND, not detected.

centrationsare comparablewith datareportedfor

Vancouverharborand two harborson Vancouver
Island" " but far below concentrationsear ship-

yardsin Vancouverreportedin the mid-1980s>

Becausdheyappeatro beisolated,we suspecthat
theymaybe dueto occlusionof hull paintparticles
from anchoredships.

In general the somewhatandomdistribution of
thebutyltin compounds$n thesesedimentsuggests
that their sourceis primarily ocean-goingship-
bottoms, as this harboris usedfor anchorageof
large bulk carriers. The averagedepth of Prince
Rupertharborwhere sampleswere collectedis 33
m with a rangeof 21-62m. Unlike the shallow
watersin Victoria and Esquimalt harbors,these
depths are well beyond those where turbulent
mixing from propellers might be expected to
resuspendsurficial materials. Mixing will be
limited to thatfrom tidal flushing,whichis reported
to be good?!® dueto the largetidal range.Input of

© 1998JohnWiley & Sons,Ltd.

TBT from shoreline industries in this city of
approximately30 000 populationis also expected
to be limited. There are no large commercial
boatyardsand only a limited numberof marinas.
The latter could have contributed TBT to the
sedimentcolumnbeforethe impositionof controls
on TBT-basedpaint?®

Ratiosof TBT to DBT for thesesampleqTable
1) suggesthat only limited degradationis occur-
ring, or input of new TBT from the water column
exceedsthe rate of degradation.Degradation,as
mentionedabove,is dependentpon a numberof
factors.In the presentcase,watersof this harbor
lying on the north coastof British Columbiaare
cold, with the meantemperaturenot expectedto
exceed4°C. Depthsup to 62 m would preclude
significant light infiltration. We have insufficient
information on the bacterialorganizationof these
sediments,but it is likely that they would be
representativeof coastalsedimentsThereis also

Appl. OrganometalChem.12, 643-650(1998)
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little informationon the sedimentparticledistribu-
tion andorganiccarbonloading,both of which can
be importantin the degradatlorprocess1L

The TBT/DBT ratio is animportantindicator of
the rate of input of fresh TBT, relative to its
decompositionin this study, the ratio wasgreater
than unity in 17 of the 25 samplesfor which we
were ableto calculatethe value.Ratioscalculated
from Environment Canadadata for Vancouver
harbor sedimentsin 1994 had a mean ratio of
2.4+ 1.7 andarangeof 0.8-6.2(n=23). Similar
valueswere obtainedfor harborsedimentson the
Atlantic coastof Canadd’

It has been shown in our work and that of
other<'® that bottom conditions of this type can
resultin half-lives of years.The lack of detectable
MBT in most of the samplesexaminedhere (an
18% occurrence)would also suggestthat further
degradatiorof DBT is limited. We haveobserved
similar low MBT levelsin preV|ousstud|esof a
sedimentcorefrom Esqwmaltharbor Chauetal.
recordeda 25%incidenceof MBT in a1994survey
of Canadiancoastalsediment$. Saint-Louiset al.
report measurableMBT in only three of 42
sedimentdrom the St Lawrenceestuary*®

CONCLUSIONS

We haveexaminedbutyltin residuesn two areasof
theBritish Columbiacoastline Sectiongo 40cmin
two deepcoresrecoveredn 1995and 1996 from
the Strait of Georgia contained no detectable
quantitiesof TBT, DBT or MBT. Theseresults
contrasl\Nlth an earlierstudywherelow to subug
kg~* concentrationsverefoundin a corecollected
in 1991. The decreasen butyltin concentrations
demonstrateshe effectsof reducedinput of TBT
from coastakhippingand/orpleasuréboatingsince
1989, as well asthe slow degradationof butyltin
compoundsto concentrationdelow the limits of
detection.

Concentratlonsf TBT andDBT rangedto over
1200pgSn kg™ in 33 surfacesedimentsamples
from Prince Rupert harbor. TBT/DBT ratios in
most sampleswere greaterthan unity, suggesting
strongly that fresh input from marine antifoulant
coatingsonlargeocean-goingesselss continuing.
TBT concentrationst Prince Rupertare compar-
ablewith thosein largerharborsan southerrBritish
Columbia.

These results are similar to those reported
elsewherein most developedwestern countries.

© 1998JohnWiley & Sons,Ltd.

Controls on the use of TBT-based antifoulant
coatingshave resultedin reducedconcentrations
in sedimentsand biota, and the incidence of

imposexin whelkshaslessenedHowever,in spite

of thesepromisingindicators,the facts that TBT/

DBT ratiosin manysitesarestill highandTBT is

measurablein the water column signify that

controls may require strengtheningin order to

eliminatethis persistentand pervasivechemical.
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