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The filamentous fungusScopulariopsis brevicau-
lis produces volatile trimethylstibine, found in
the culture headspace, when grown in an
antimony(III)-rich medium under aerobic con-
ditions. The trimethylstibine was purged from
cultures using a continuous flow of compressed
air and trapped in a U-shaped tube containing
Supelcoport SP 2100 atÿ78°C. The trap
contents were determined by using GC–ICP–
MS methodology. Typically between 60 and
500 pg of trimethylstibine was trapped during
sampling (12 h) from cultures containing
1000mg Sb mlÿ1 as potassium antimony tar-
trate. The total production of trimethylstibine
over 18 days of growth was estimated at 10 ng.
Trimethylarsine was produced in greater quan-
tities than trimethylstibine, even though no
arsenic compounds were added to the medium.
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INTRODUCTION

The fungus Scopulariopsis brevicaulisis well
known for its ability to biomethylate arsenic.1,2

Methylation of antimony byS. brevicaulishas been
demonstrated recently.3–5 The aerobic production

of methylantimony compounds was established by
using hydride derivatization of medium samples
followed by GC–AAS;3 Me3Sb and Me2SbH were
the principle reduction products, and presumably
originated from the appropriate antimony(V) pre-
cursors. Methylantimony compound production has
also been demonstrated by trapping headspace
gases of cultures under anaerobic conditions4,5

(after a period of aerobic incubation with potassium
antimony tartrate) even thoughS. brevicaulisis not
an anaerobic micro-organism. This observation has
been taken as evidence that trimethylstibine is
produced in the aerobic phase of growth, but it is
also possible that under anaerobic conditions
involatile trimethylantimony(V) species in the
medium (which are produced during aerobic
growth) are reduced to trimethylstibine.

The presence of trimethylstibine in the head-
space ofaerobiccultures ofS. brevicaulishas not
been demonstrated directly, although its formation
has been implied because of the measurement of
antimony in remote nitric-acid traps.4,5 However,
antimony transport from cultures could be the result
of the formation of other volatile species such as
stibine (SbH3).

In our earlier work with cultures ofS. brevicaulis
containing antimony, we were able consistently to
determine methylantimony compounds in the
medium (>300 ng), but we detected volatile
trimethylstibine only occasionally at ultratrace
levels.3 For example, when a 14-litre fermenter
(containing 9 l of medium) was used, we estimated
that <1 ng of volatile antimony species were
produced by the culture over 18 days.

In the present work, by refining the analytical
technique used previously, and by using signifi-
cantly higher doses of potassium antimony tartrate,
we have been able to detect significantly higher
levels of trimethylstibine in a repeatable manner.
This is the first time that trimethylstibine has been
directly detected in the headspace of aerobic

APPLIED ORGANOMETALLIC CHEMISTRY
Appl. Organometal. Chem.13, 659–664 (1999)

Copyright# 1999 John Wiley & Sons, Ltd. CCC 0268–2605/99/090659–06 $17.50

* Correspondence to: William R. Cullen, Environmental Chemistry
Group, Department of Chemistry, University of British Columbia,
Vancouver BC, Canada V6T 1Z1.
Contract/grant sponsor: NSERC of Canada.



cultures,andconfirmspreviouswork implying its
formation.

EXPERIMENTAL

A minimal-salts/glucose medium6 (400ml) was
seededwith 40ml of S. brevicaulis(ATCC 7903)
mycelialballs(20–30balls,�1 mm diameter).The
cultures were maintained in 1-litre Erlenmeyer
flaskscappedwith cottonstoppers.After onemonth
of growththemediumwasdecantedoff thecultures
and 400ml of fresh medium was added. The
antimony compoundswere added (0.2mm-filter
sterilized)andeachculturewastransferredto a 1-
litre Erlenmeyerflask toppedwith a ground-glass
male joint (Pyrex no. 4980, stopperno. 9) and
cappedwith a female ground-glassjoint (40/38)
thatwasfitted with aninlet glasstube(this reached
well below thesurfaceof themedium)anda short
lengthof outlet tubing (glass).The inlet glasstube
wasconnectedvia a filter (0.2mm SuporAcrodisc
25; GelmanSciences)to a cylinder of compressed
air. The outlet tubing was connectedto another
0.2mm filter. Throughoutthe periodof the experi-
ment therewasa constantflow of compressedair
through each flask (�10ml minÿ1). At various
stages(for example,seeTable1) of theexperiment
a U-shapedglass trap (22cm� 6 mm o.d.) was
connectedvia PTFEtubing to theoutlet filter. The
U-tubetrapwaspackedwith 10%SupelcoportSP-

2100onChromosorb(45–60mesh)andcooledin a
large dry-ice/acetone-filledDewar flask (ÿ78°C).
The trapswereleft in placeovernight(seeTable1
for typical samplingtimes). Gas flow rateswere
measuredat the beginning and at the end of
samplinganddid not changesignificantly.

Two experimentswere performed. In Experi-
ment 1, two culturescontainedpotassiumantim-
ony tartrate (1000mg Sbmlÿ1), and one culture
contained trimethylantimony dichloride
(1mg Sbmlÿ1). In Experiment2, performedone
month later, two cultures contained potassium
antimony tartrate (1000mg Sbmlÿ1), and one
control culturecontainedno addedantimony.The
Erlenmeyer flasks were shaken horizontally
[�135rpm, 1.75-inch (7.8-cm) displacement],
maintained at 26°C, and kept in the dark to
minimize degradationof trimethylstibine by UV
light. At the end of the experimentsthe average
culturedry weightwasestimatedby filtering off the
biomass,then rinsing the biomasswith water (no
effort wasmadeto removeall mediumcompletely)
anddrying at 150°C. The averagedry weight was
2.5g (range:2.2–2.9g).

The sampling traps were cappedwith rubber
septa and stored at ÿ78°C either in a dry-ice
freezeror in a dry-ice/acetonebath.For work-up,
the sampling trap was connectedto a helium
supply, and to an identical U-tube trap cooled in
liquid nitrogen (ÿ196°C), the sample trap was
allowedto warm,andthecontentswerevolatilized
by meansof heliumflow of 70ml minÿ1 andgentle

Table 1 Samplingtimes,amountsof trimethylarsineandtrimethylstibinetrapped,andamountstrappedperhourof
sampling,for theculturesin Experiment2 containing1000mg Sbmlÿ1

Elapsedtime
(days) Samplingtime (h)

Trimethylarsinein
trap (pg As)a

Trimethylstibinein
trap (pg Sb)a

Trimethylarsine
(pg As/hÿ1)

Trimethylstibine
(pg Sb/hÿ1)

Culture1
5 12.5 925 525 74 42
7 10 570 130 57 13
9 12 528 180 44 15
16 11 352 176 32 16
18 12 360 60 30 5

Culture2
5 12.5 750 538 60 43
7 10 480 260 48 26
9 12 564 204 47 17
16 11 660 143 60 13
18 12 720 156 60 13

a Dataareincremental.Trimethylarsine(570pg As) wasproducedbetweendays5 and7, at the samplingtimesshown.
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heating to 200°C. In this way the gaseswere
cryofocusedin the secondtrap in order to reduce
any previously broadened distribution of the
volatile speciesin the sampling trap. After the

cryofocusingstep, the secondtrap was removed
from theliquid nitrogen,connectedto theICP–MS,
andheatedto 200°C. Detailsof theinterfaceto the
ICP–MS, and the ICP–MS operation,have been

Figure 1 GC–ICP–MSsingle-ion chromatogramfor antimony (m/z= 121) for culture headspacesamplestaken six days into
Experiment2. �����, Sampletakenfrom Culture1, containingpotassiumantimonytartrate;—, controlsampletakenfrom Culture3,
which did not havepotassiumantimonytartrateadded.Inset:zoomplot of control sample.
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describedpreviously.7 In Experiment2, semiquan-
titative calculations of the amounts of gaseous
species were made by comparing instrument
responsesfor thegaseoussamplesagainstaqueous
standards,ashasbeendescribedelsewhere.7

Identification of the species was based on
retention time. A sampleof trimethylstibinewas
generatedby sodium borohydride reduction of
Me3SbCl2.

RESULTS AND DISCUSSION

In Experiment 1, the two cultures containing
potassium antimony tartrate (1000mg Sbmlÿ1)
and the culture containing trimethylantimony
dichloride (1mg Sbmlÿ1) produced enough tri-
methylstibineto give a significantsignal (average
S/N ' 1000) for all samplestakenover the two-
weekperiodof theexperiment.Thepeakareasfor
thetrimethylstibinein thesesampleswereapproxi-
matelytwo ordersof magnitudegreaterthantypical
valuesin any of our previouslyreportedwork. No
attempt was made to quantify thesepreliminary
data.The averageresponsefor trimethylstibinein
the culture containingtrimethylantimonydichlor-
ide (1 mg Sbmlÿ1) wasaboutsix times more than
thatfor theculturescontainingpotassiumantimony
tartrate(1000mg Sbmlÿ1).

In Experiment 2, the two cultures containing
potassiumantimonytartrateproducedtrimethylsti-
bine which was detected in all headspacegas
samples(Table 1). The GC–ICP–MSpeak areas
weresimilar to thoseseenin Experiment1. In the
control culture, where no potassium antimony
tartratewas added,only tracesof trimethylstibine
weredetected.A systemblankwasmeasuredafter
compressedair waspassedthroughthe tubing and
filters, andthenthroughthe cold (ÿ78°C) U-tube
trap: the Erlenmeyerflask of culturewasomitted.
No antimonyor arseniccompoundsweredetected
in this blank. The absolutedetectionlimit for the
GC–ICP–MSwas�0.15pg.

A typical singleion chromatogramfor antimony
(m/z= 121), for a headspacegassample,is shown
in Fig. 1. The samplewas taken from an active
culture grown in the presence of potassium
antimony tartrate. Also shown is the antimony
chromatogramfor a gassampletakenat the same
timefrom thecontrolcultureto whichnopotassium
antimonytartratewasadded.It is interestingto note
that the peakfor the control culturegaschromato-
gramis aboutthesamesizeaswehaveoccasionally

observedin the past in our trapping experiments
from cultures containing potassium antimony
tartrate.3 Thus we have managedto increasethe
yield of trimethylstibinefrom our culturessignifi-
cantly. The reasonsfor the increasedyield we
believeare:workingat1000mg Sbmlÿ1 (compared
with 10–100mg Sbmlÿ1 in our previouslyreported
experiments),using two to four times as much
biomassasin ourpreviousstudies,andavoidingthe
use of latex tubing in our systems. Separate
experimentsrevealedthattrimethylstibineobtained
by hydridegenerationis readily lost from systems
containinglatex.

In all these experiments we also detected
significant levels of trimethylarsine,even though
no inorganic arsenicwas addedto the medium.
Typical single-ionchromatogramsfor a singletrap
for arsenic and antimony are shown in Fig. 2.
Although similar amountsof trimethylstibineand
trimethylarsineare presentin the gas chromato-
gram,it is importantto realizethat no arsenicwas
addedto theseculturesand the concentrationof
antimonyin thecultureswas1000mg Sbmlÿ1. The

Figure 2 GC–ICP–MSsingle-ion chromatogramsfor anti-
mony (m/z= 121, —) and arsenic (m/z= 75, �����) from a
headspacesampletakenfrom Culture 1 of Experiment2 after
five days.
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arsenicthatis volatilizedmustarisefrom impurities
in the medium(the concentrationof arsenicin the
mediumwaslessthan2 ngmlÿ1). Whenexpressed
asa percentageof inorganicmetalloid volatilized,
it is apparentthat arsenic (>3% volatilized) is
much more readily volatilized than antimony
(0.0000025%volatilized).

ForExperiment2,by determiningtheamountsof
trimethylstibine in each trap we were able to
estimatethe production rates of trimethylstibine
over the time of sampling (Table 1). Hence by
extrapolating this information over the entire
experimentwewereableto constructa time course
for cumulativetrimethylstibineproduced(Fig. 3).
The period of maximum trimethylstibineproduc-
tion wasnearthebeginningof theexperiment.This
is probably becauseuse of a large amount of
biomassrapidly depletedthe medium,and so the

rate of growth decreasedsignificantly after a few
days. For both experimentalreplicates,approxi-
mately10ngof trimethylstibinewasproducedover
the courseof the entireexperiment(18 days).The
actualamountproducedmay behigherthanthis if
samplingis not100%efficientor if trimethylstibine
is beingoxidized.Theoxidationof trimethylstibine
is not likely to be significant at these low
concentrations,and in previous studies,3 where
we measured recoveries of a trimethylstibine
standardfrom our system,we foundlittle evidence
of oxidationat suchconcentrations;theserecovery
studiesalsoshowedtrappingto be efficient. Thus
we believe the amountsof trimethylstibine pro-
ducedare not likely to be much greaterthan our
estimate.However, it is possible to verify the
quantity of trimethylstibine produced.The most
reliablemethodof doingthis would beto spikethe
continuousflow of compressed-airculture purge
gaswith anultratracecontinuousflow of trimethyl-
stibine. By varying the spike flow a standard
additionscurvecouldbecalculated.Thisapproach,
althoughdifficult, would have the advantagesof
accountingfor lossesdueto oxidation,sorptionand
<100%trappingefficiency.It wouldalsoeliminate
errors that may arise from the use of aqueous
solutionsto calibrategaseoussamples.

Previousresearchershavebeenunableto detect
trimethylstibinereproducibly in the headspaceof
antimony-rich S. brevicaulis cultures.8,9 In these
studiesthe detectionlimits (50ng) for the metho-
dology usedhavebeenmuchhigherthanwhat we
havefound to be required(10pg).

In a studywhere‘trimethylstibine’ wasdetected
by trapping in remotenitric-acid traps,the levels
produced ranged from 260 to 4107ng over
approximately 12 days, dependingon the sub-
strate.4 Thisquantityis significantlyhigherthanthe
10ng we report. Differencesin fungal strain and
medium make comparisonsof results difficult.
However, the high levels of volatile antimony
measuredmay be a result of the production of
stibinesotherthantrimethylstibine(e.g.SbH3).

In a previouspublication we reportedthat we
were unable to detect significant amounts of
trimethylstibine;3 we havenow beenable to trap
andanalysemuchgreaterlevelsof trimethylstibine
becauseof analyticalimprovementsandby ‘stimu-
lating’ the culture with high substrateconcentra-
tions. In our previous publication we concluded
that: ‘methylantimonyspeciespresentin themedia
are the final biotransformationproductsof anti-
mony(III) from aerobic cultures.’ Although this
work showsthatthefinal biotransformationproduct

Figure 3 Time coursefor the productionof trimethylstibine
and trimethylarsine,in Experiment2, from two culturesof S.
brevicauliscontaining1000mg Sbmlÿ1 aspotassiumantimony
tartrate. The estimated total amount of volatile metalloid
produced(betweent = 0 and the time of sampling)is plotted
againsttime.It is assumedthattherateof productionof volatile
speciesduringtheperiodbetweentakingsamplesis thesameas
duringsampling.�, Trimethylarsineflask1;~, trimethylarsine
flask2;*, trimethylstibineflask1; &, trimethylstibineflask2.
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for antimonyis in fact trimethylstibine,it doesnot
showit to be a very significantproduct.In earlier
experimentswith anidenticalfungalstrain,incuba-
tion conditions and medium, we reported the
production of involatile methylantimony com-
poundsto be typically around300–3000ng over
onemonth.Thus,significantlygreateramountsof
involatile speciesare produced. In this respect
arsenicandantimonyseemsimilar, but the ability
of S. brevicaulis to methylate arsenic is much
greater.For arsenic(at substrateconcentrationsof
1mg As mlÿ1) the dominantproduct is trimethyl-
arsineoxide.10 At higherconcentrationstrimethyl-
arsineoxide is readily reducedby S.brevicaulisto
trimethylarsine.11 Theculturecontainingtrimethyl-
antimony dichloride (1mg Sbmlÿ1) producedap-
proximately six times more trimethylstibine than
the cultures containing potassiumantimony tar-
trate (1000mg Sbmlÿ1). The low production of
trimethylstibine, in cultures containing
1000mg Sbmlÿ1, is probablya resultof low rates
of biomethylation.

One of the reasons for research into the
volatilization of antimony by S. brevicaulis has
beenthe hypothesisassociatingantimonyvolatili-
zation with sudden infant death.12 The present
resultsshow that trimethylstibine is producedby
culturesof S.brevicaulisbut detectionof thelevels
produced requires the most sensitive analytical
methodologyavailable. In our experimentsit is
necessaryto use large amountsof biomassand
substrateto obtaindetectableamountsof trimethyl-
stibine. The finding of trimethylstibine in these
idealexperimentsoffers little supportto thenotion
thatenoughtrimethylstibinecouldbeproducedin a

cot environmentto beharmful to a child. It should
berememberedthatS.brevicaulisis notcommonly
found in largeamountson cot mattresses.13
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