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The  fungicide  10,10-oxybisphenoxarsine INTRODUCTION

(OBPA) is widely used in consumer products, o ]
such as shower curtains, wall coverings and Ina submission to the Expert Group to Investigate
carpets. A possibility exists that microorganisms Cot Death Theories: Toxic Gas HypotheSis,
might be able to degrade OBPA to produce Richardson wrote: ‘It was recognized by Richard-
volatile trimethylarsine. If this did occur, thenin ~ son in 1988 that microbial deterioration of
certain situations enough trimethylarsine might ~ plasticised polyvinyl chloride (PVC) containing
be produced to be a hazard. In this study, we arsenical preservatives might result in the genera-
cultured microorganisms in medium containing  tion of extremely toxic gaseous arsines. It was
OBPA, and examined the medium for possible considered that this process might be a cause of
degradation products. We used Scopulariopsis ~ sudden infant deattf. _
brevicaulis in one experiment, because this  This statement was based on the recognized
microorganism is known for its ability to =~ phenomenon by which volatile toxic arsines,
biomethylate arsenic. OBPA-tolerant microor-  usually trimethylarsine, are produced when some
ganisms, isolated from a soil contaminated with ~Mmicroorganisms, e.gScopulariopsis brevicaulis
arylarsenic compounds, were used in a second interact wlth85|mple arsenic species such as arsenate
series of experiments. We found no evidence of Or arsenite’® The assumption seems to have been
complete microbiological cleavage of aryl-ar- made that microbial action on the arsenical
senic bonds in any of the cultures, and no Ppreservatives used in the PVC might also produce
Significant amount of trimethy|arsine was de- iﬁOXiC arsi_nes. Thenlya.rsenical USEd as a fungicide
tected in the headspace oB. brevicauliscultures.  in PVC is 10,100xybisphenoxarsine (OBPAL;

Copyright © 2000 John Wiley & Sons, Ltd. Fig. 1). However, OBPA is not commonly used in
cot mattress covers, which is probably why

Keywords: arsenic; 10,10-oxybisphenoxarsine;  Richardson extended his hypothesis to suggest that
OBPA; Scopulariopsis brevicaulisSIDS; cyano-  ‘the primary cause of sudden infant death syndrome

diphenylarsine; trimethylarsine (SIDS) is poisoning by gaseous phosphines, arsines
. and stibines, generated by deterioration of cot
Received 24 July 1999; accepted 18 January 2000 mattress material by microorganisms, particularly

Scopulariopsis brevicaulign otherwise harmless
fungus that is normally found in all domestic
environments.” The focus of most toxic-gas hy-
pothesis research then shifted to production of
stibines from antimony trioxide (present in bedding
* Correspondence to: William R. Cullen, Environmental Chemistry Material as a flame retardant) By brevicaulis'

group, Department of Chemistry, University of British Columbia,  Although OBPA is not commonly used in cot

\éari‘];‘iuverfcgii‘ecgnaggc\fT 171. mattress covers, it is marketed as Vinyz&nfer
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Figure 1 Structureof 10,10-oxybisphenoxarsin€OBPA), and somepossiblebiotransformatiorpathways.

microbial action. If OBPA is readily degradedby
microorganismsto trimethylarsine, as originally
implied by Richardson,this could be causefor
concern.

Microorganismsould acton OBPAin avariety
of ways(Fig. 1). Forinstancethebiomethylatiorof
OBPAmight producespecies or 4; suchaprocess
for arylarsenicalsis known? However, these

specieswvould not be volatile at room temperature.

Copyright© 2000JohnWiley & Sons,Ltd.

Partialcleavageof the aryl-arsenidoondof OBPA
and subsequentbiomethylation could produce
variousspecies6), but againthesespecieswvould
notbevolatile atroomtemperatureThe production
of volatile speciessuchastrimethylarsine would
first requirethe biologically catalyzedcleavageof
all aryl-arsenicbonds,a processthat was unsub-
stantiatedn 1988.Thus,therewasno experimental
foundation, at the time it was first proposed,for

Appl. Organometal Chem.14, 364-370(2000)
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Richardson’soxic-gashypothesisbasedon arsine
productionfrom OBPA.

The currentlyacceptednechanisnof trimethyl-
arsine production by S. brevicaulis begins with
oxidative methylation of arsenite,followed by a
seriesof reductionandoxidative methylationsteps
(the Challengermechanisri). Thus, for OBPA,
trimethylarsine production can only occur after
cleavage of all aryl-arsenic bonds. Methyl-
arsenic(V)intermediates(Fig. 1) in Challenger’s
mechanismhave beendetected? Indeed, at low
concentrationsf inorganicarsenicspeciesyolatile
trimethylarsinds notproducedn significantyields,
although trimethylarsine oxide is produced:
Therefore,in most experimentsthere is no need
to determinetrimethylarsine production directly,
becausehe determinationof the major intermedi-
ateson the pathwaywill indicateif trimethylarsine
productionis likely.

The microorganismsmost likely to degrade
OBPA, by aryl-arsenicbond cleavage,are ones
that have been exposedto OBPA or similar
compoundsn the environmentWith this in mind,
microorganismsvereisolatedfrom a soil contami-
natedwith cyanodiphenylarsinéFig. 2), which is
chemicallyvery similar to OBPA andwasusedin
World War | asachemicalarfareagentClarkI).
If microorganismsrom suchan environmentare
unable to cleave aryl-arsenicbonds, then it is
unlikely that suchcleavagecould be accomplished
by othercommonmicroorganisms.

We describehereresultsfrom two studiesin one
of these,we incubatedS. brevicauliswith OBPA,
and headspacegases and medium from these
cultures were examined by using GC-ICP MS
and HG-GC-AAS, respectively, to determine
whetherOBPA was degradedoy this microorgan-
ismto volatile arsenicspecier their precursorsin
the other study, OBPA-tolerant microorganisms
were isolated from a soil contaminated with
cyanodiphenylarsinethen incubatedwith OBPA,
andthe mediumwasexaminedior OBPA-degrada-
tion productsand biomethylationintermediatesto
assessvhetherarsenicvolatilization from OBPA
waslikely.

MATERIALS AND METHODS

Materials

OBPA was preparedn our laboratoryby usinga
standardliterature method** Nutrient agar (NA)

Copyright© 2000JohnWiley & Sons,Ltd.

and nutrientbroth (NB) were acquiredfrom Difco
Laboratories. A glucose/minimal-saltsmediunt
was preparedfrom reagent-gradehemicals.The
media were autoclaved at 121°C and 19psi
(131kpa) for 20min. The OBPA was addedto
the NA andNB beforeautoclaving Reagent-grade
chemicalswere used for the hydride generation
analysis.

Soil sampling

A small quantity of cyanodiphenylaise was spilt
ontosoil duringa disposaloperationin 1991 at the
DefenseResearclEstablishmensuffield (DRES),
Alberta, CanadaThesite (knownas14A) is easily
locatedbecausat is completelydevoid of vegeta-
tion. Two soil samples (0—10cm depth) were
collected on 17 February 1998 from randomly
selectedpointswithin the areaof the spill.

Cultures isolated from soils

A small amountof eachsoil samplewas streaked
onto Petri plates containing nutrient agar (1/10
strength)saturatedvith OBPA (5 mgl—?). Oneset
of Petri plates was incubatedat 17°C and the
secondsetat 30°C. All plateswereexamineddaily
for the appearancef colonies;thosethatgreware
describedn Table 1. Theisolatedmicroorganisms
weretheninoculatedinto nutrientbroth (5 ml full-
strength NB in 16mm x 100mm test tubes)
saturatedwith OBPA (1 mg of OBPA per test
tube), and placed on a rotary shaker [25°C,
~135rpm, 1.75-inch (4.45-cm)displacementfor
a month. A control that consistedof nutrient
medium and OBPA was also incubatedon the
rotary shaker.The mediumfrom eachculture was
filtered (0.45m) after one month of incubation
andanalyzedby hydridegeneration—gashromato-
graphy—atomi@absorptionHG-GC-AAS).

HG-GC-AAS analysis

Analysiswas performedby usingsemi-continuous
HG-GC-AASas describedin detail elsewheré?
Appropriate experimentalconditions (1M hydro-
chloric acid/2%NaBH, in water)wereusedsothat
standardsof sodium arsenite, sodium arsenate,
monomethylarsoniacid, dimethylarsinicacid and
trimethylarsineoxide all readily formed volatile
hydrides. The sample volume was 5ml, which
correspondsto concentrationdetection limits of
1ngAsml~! and 2ngAsml~! for inorganic
arsenicspeciesand methylarsenicspeciesrespec-

Appl. Organometal Chem.14, 364-370(2000)



INTERACTION OF S.BREVICAULISAND OTHER MICROORGANISMSWITH OBPA

367

Table 1 Microorganismdsolatedfrom cyanodiphenylarsine-contaminatedil®

Microorganism Type Macroscopic Microscopic

OPBA-1 Fungus Dark greencenter,white rhizoid

OBPA-2 Bacterium Shinywhite, convex,2 mm diameter Gm(-) coccoid,0.5um, clusters

OBPA-3 Bacterium Shinywhite, convex,1 mm diameter Gm(-) coccoid,clusters

OBPA-4 Bacterium Palepink, shiny, convex,2 mm diameter Gm(—) rods,terminal or centralspores,
1.2 um, singletsandclusters

OBPA-5 Bacterium White, shiny, blob-like, varioussizes Gm(-) coccoid,0.7 um, singletsand
clusters

OBPA-6 Bacterium Yellow, shiny,convex,2 mm diameter Gm(—) coccoid,0.5um, clusters

OBPA-7 Bacterium Bright yellow, shiny,irregularborders, Gm(-) rodsin chains,1 um

2mm diameter

OBPA-8 Bacterium Dark pink, shiny,2 mm diameter Gm(-) rods,1.1um, very big centralor
terminalspores

OBPA-9 Bacterium Salmonpink, 1 mm diameter,dull Gm(-) rods, 1.2 um, clusters,very big
terminalspores

OBPA-10 Bacterium White, dull, centralpeak,2 mm diameter Gm(—) rodsin chains,1 um

OBPA-11 Bacterium Clear,flat, varioussizes Gm(-) coccoids,in pairsandclusters,

0.5um

@ Microorganismsawereisolatedon nutrientagar(1/10 strength)containingOBPA (5 mgl~—3).

tively. OBPA does not form a volatile hydride
undertheseconditions.

Scopulariopsis brevicaulis cultures

Medium analysis

A minimal-salts/glucosemediunf (400ml) was
seededwith 40ml of S. brevicaulis (ATCC no.

7903) mycelial balls (20-30 balls, Ca 1mm

diameter). Two replicate cultures were prepared.
By adding an appropriate volume of 1000mg

OBPA1 ' in methanol,the cultures were made
upto 1 mgOBPA1 ! (in preliminary experiments
we had observedthat>2mg OBPA |~ signifi-

cantly inhibited the growth of S. brevicaulig. A

control was preparedconsistingof minimal-salts/
glucosemediumand OBPA. The culturesandthe

controlwereincubateconarotaryshakef25 °C, ca

135rpm, 1.75-inch (4.45-cm) displacement]for

one month, after which the medium from each
culture andthe control wasfiltered (0.45m) and

analyzedoy HG-GC-AAS.

Headspaceanalysis

Four cultureswere preparedthat each contained
400ml of minimal-salts/glucoseamedium and S.
brevicaulis Two of these cultures contained
1mgOBPA |™! (Cultures A and B), made by
adding0.4ml of 1000mg OBPAI~*in methanoto
each;the othertwo were controls(CulturesC and
D), andhad0.4ml of methanoladdedio them.The

Copyright© 2000JohnWiley & Sons,Ltd.

cultureswere placedin sterile 1-liter Erlenmeyer
flasks topped with ground-glassmale joints and
capped with female ground-glassjoints, which
were fitted with inlet and outlet glasstubing. The
cultures were continuously purged with sterile
(0.2 um filtered) compressedir andthe headspace
gaseswveresampledby trappingthemin U-shaped
glasstraps(packedwith 10% SupelcoporSP-2100
on Chromosorbymmersedn dry-ice/acetoneThe
contentsof the traps were determinedby using
GC-ICPMS. Full detailsof the gassamplingand
analysisprocedureare describecelsewheré? Gas
sampleweretaken4, 9 and12 daysafterpreparing
the cultures,over approximately4 h.

RESULTS AND DISCUSSION

Contents of media from cultures of
S. brevicaulis and microorganisms
isolated from contaminated soil

We did not observeinhibition of growth whenwe
cultured S. brevicaulis in medium containing
1mgOBPA It At>2mgOBPA It growth
wasinhibited. After onemonthof incubationof S.
brevicaulisin mediumcontainingl mg OBPA|%,
the mediumwasanalyzedby usingHG-GC-AAS.
No methylarsenicspeciesvere detected Table 2).
Inorganic arsenic specieswere detectedin the

Appl. Organometal Chem.14, 364-370(2000)
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Table 2 Concentratiorof hydride-formingarsenicalgn culturesand controlsafter one month of incubationwith

OBPA

Inorganicarsenicconcentration

Organoarseniconcentration

Microorganism (ngAsml™h (ngAsml™h
S. brevicaulis 2.9 <2
S.brevicaulis 3.1 <2
OPBA-1 8.3 <2
OBPA-2 3.3 <2
OBPA-3 6.4 <2
OBPA-4 10.6 <2
OBPA-5 6.8 <2
OBPA-6 8.3 <2
OBPA-7 8.1 <2
OBPA-8 8.5 <2
OBPA-9 7.5 <2
OBPA-10 6.6 <2
OBPA-11 8.5 <2
Controls:

Minimal-salts/glucosenedium 4.5 <2
Nutrient broth medium 8.3 <2

medium but similar levels were detectedin the
controls and active cultures, i.e. the inorganic
arsenicspeciesdetectedarosefrom impurities in
themediumandOBPA. Therefore S.brevicaulisis
unable to cleave all the aryl-arsenicbonds of
OBPA.

About 80 microorganismswere isolated by
standardmicrobiological methodsfrom the two.
cyanodiphenylarsineemtaminated soil samples.
The numbermay be slightly lower becauseof the
possibility of duplicateisolation from more than
one soil sample.This is not as many aswould be
expectedfrom a healthysoil but it is certainly an
indication that the soil is not sterile. By using
nutrientagarsaturatedvith OBPA, we wereableto
isolate 11 macroscopicallydifferent microorgan-
isms, 10 bacteriaand 1 fungus as pure cultures,
describedn Table 1. Thesemicroorganismsvere
subsequentlygrown for one month in a liquid

As

CN

Figure 2  Structureof cyanodiphenylarsin€Clark I1).
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medium saturatedwith OBPA. The medium was
examinedby using HG-GC-AAS and the results
are reported in Table 2. Controls, containinlg
mediumandOBPA, containedca 5-10ngAs ml™
as inorganic arsenic(either arseniteor arsenate).
Similarly all cultures contained approx. 5-—
10ngAsml~%. No methylarsenic species were
detected.Therefore,microbially assistedcleavage
of all aryl-arsenicbondsof OBPA did not take
place. The 11 OPBA-tolerant microorganisms
either had somemechanisnto excludeOBPA, or
they detoxifiedit by someothermeans.

Thesolubility of OBPAin water(pH 7,20°C) is
5mgOBPA I, Thus,for the culturesof OBPA-
tolerantmicroorganismdsolatedfrom soils, com-
plete degradationof only 5% of the dissolved
OBPA to inorganic arsenic specieswould yield
75ngAs ml~* andwould bereadily detectedn our
system.For the S. brevicaulis culturescontaining
1mgOBPA |, degradationof more than 10%
OBPAwould bereadily detectedHowever,if only
partial aryl-arsenicbond cleavageoccurred,the
resultingarylarsenicspeciegFig. 1) would not be
detected by our methodology. Reverse-phase
HPLC with ICP MS as a detectorwould enable
the detectionof suchpartial-breakdowrproducts;
however, only complete-breakdowrmproductsare
relevant to any hypothesislinking OBPA with
poisoningby volatile arsines.

It has been shown that the concentrationof
methylarsenicalsn the medium would have to

Appl. Organometal Chem.14, 364-370(2000)
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Figure 3 GC-ICPMS chromatogramém'z = 75) obtainedby
analyzingheadspaceas samplestakenon days4, 9 and 12

from CulturesA (S. brevicaulis+ OBPA) and C (control: S.

brevicaulig.

Copyright© 2000JohnWiley & Sons,Ltd.

exceedat least40ngAs ml~* before trimethylar-
sine production occurs’® The present results
provideno evidencethatmicroorganismganbreak
down OBPA to the extentthat arseniccould be
volatilized astrimethylarsine.

Contents of S. brevicaulis headspace

We believe that trimethylarsine would not be

producedfrom OBPA without prior cleavageof

all aryl-arsenidoondsof OBPA. If thisis the case,
these degradation products (inorganic arsenic
speciesand methylatedintermediatesn the path-
way to trimethylarsine)shouldbe readily detected
if trimethylarsine is indeed an end product.
However,becausef the remotechancethat direct
transformationof OBPA to trimethylarsinemight

bepossiblejt wasdeemechecessaryo examines.

brevicaulis headspacegasesfor trimethylarsine.
Sucha pathwaywould presumablyrequiresequen-
tial cleavage/methylatioreactionsstartingwith the
formationof 5 (Fig. 1).

Two cultures were prepared that contained
1 mg OBPAI~* (CulturesA andB) andtwo control
cultureswere preparedhat did not containOBPA
(CulturesC andD). Thecultureswerecontinuously
purgedwith compresseair over a 12-dayincuba-
tion period.On days4, 9 and 12 headspacgases
were sampledby trappingthemin U-shapedraps.
At the end of the experiment.the contentsof the
trapswere determinedby using GC-ICPMS. The
chromatogramgnvz = 75) obtainedon eachsam-
pling day, for one of the control cultures(Culture
C) and one of the culturesthat containedOBPA
(Culture A), are shown in Fig. 3. The only
compound produced in significant quantities is
trimethylarsineand all cultures producedsimilar
quantities(ca 1 pgAs h™?).

The content(pg As) of eachtrap wascalculated
by using a one-pointcalibration/internalstandard
methoddescribedby Feldmann-® We also calcu-
lated the amountof trimethylarsineproducedover
the sampletime (pg As h™%). By assuminghatthe
rate of trimethylarsineproduction betweensam-
pling is the sameasthatoverthe sampleperiod,we
estimated the total amount of trimethylarsine
producedover 12 days of incubationto be 0.6
(CulturesA andB) and0.4ng As (CulturesC and
D).

The amountsof trimethylarsinedetectedwere
extremelysmall: over the 12-dayperiod, lessthan
0.0005%o0f the arsenicin OBPA was volatilized,
which might be attributed to inorganic arsenic
impurities in the OBPA. In contrast,1%, of the

Appl. Organometal Chem.14, 364-370(2000)
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arsenicwasbiomethylatedo trimethylarsineoxide
overfive dayswhensS. brevicauliswasculturedin
1 mgAs|~* assodiumarseniteor arsenateé?® Thus,
thereis no evidencethat S. brevicauliscan trans-
form OBPA to significantamountsof trimethylar-
sine.
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