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SUMMARY 

A static headspace gas chromatographlc method for the snnultaneous separation of trace 
hght hydrocarbons and volatile organosulphur compounds rn gases of nineteen Clostrzdzum 
cultures at reduced pressure 15 described The separation was achieved on n-octane-Porasll 
C after samplmg of the gaseous compounds m a PTFE loop urlthout any pretreatment Most 
peaks were ldentlfied by gas chromatography--mass spectrometry The presence of methane 
and ethylene sulphlde among CIostndrum volatlles 1s confmned and 3-methyl-l-butene, 
2-methyl-2-butene, dlmethyl trlsulphlde and S-methyl thloacetate are reported for the first 
time m the Clostrldtum group 

INTRODUCTION 

If headspace gas chromatographlc (GC) analysis of volatlles evolved from 
mlcroblal cultures 1s well documented [l] , the samplmg of mlcroblal gaseous 
compounds at reduced pressure without preconcentratlon has been scarcely 
reported [2, 31, although this approach is convement to detect trace pollutants 
m water [4] 
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Special attention has been given to GC separation of volatile organosulphur 
compounds (VOSCs) from cultures of oral Bacteroldes [5] or rumen micro- 
organisms [6] , or possibly ongmatmg from a mlcroblal activity, e.g. m 
fermented products [ 71, so& [ 8,9 J and sewage sludges [lo] . 

Reports dealing with analysis of VOSCs by GC alone or combmed with mass 
spectrometry (MS) [ ll--161 have emphasized the vmous problems associated 
with their determmatlon With flame lomzatlon detection, the headspace GC 
detection limits for VOSCs have been estimated to be m the l- 10 ppb range 
[I71 

The low bleed rates of covalently linked Durapak make them valuable for 
the GC-MS analysis of a wide range of trace chemicals with temperature 
programming [ 181 Simultaneous separation of light hydrocarbons and VOSCs 
was achieved by using a Durapak packing, OPN-Porasll C [19] , and good 
resolution of Cl-C6 hydrocarbons has been reported on n-octane-Porasll C 
[Zo-221. 

This paper describes a technique mthout preconcentratlon for reduced 
pressure headspace GC analysis of both light hydrocarbons and VOSCs present 
among gaseous compounds of several strams of Closir~dzum by using a Durapak 
packing, n-octane-Porasll C 

EXPERIMENTAL 

Bacterzal strams 
The nineteen strams of C2ostndzum included m this study were obtamed 

from the Amencan Type Culture Collection (ATCC, Rockvllle, MD, U S.A.), 
the Deutsche Sammlung von Mlkroorganlsmen (DSM, Gijttmgen, F.R G.) and 
the Collection des Ana&robles de 1’Instltut Pasteur (AIP, Pasteur Institute, 
Pars, France) With only two exceptions, the type stram (T) was studled for 
each species The test bacterium was Clostradwm sp. DMS 1786, formerly 
known as C hastzforme [23] 

Culture medut 
The culture medium, called TTY medium for thloglycolate-Trypcase- 

yeast extract, was composed of Trypcase (15 g/l), yeast extract (5 g/l), sodium 
chlonde (2 5 g/l) and sodium thloglycolate (0.5 g/l) dissolved m glass-bldlstllled 
water In special mstances, Dglucose monohydrate (5 5 g/l) and sodium thio- 
glycolate (up to 5 g/l) were added to TTY medium The medium, adlusted to 
pH 7.2, then filter-sterilized to avoid heat-induced modlflcatlons of its 
constituents and maculated with an ahquot of an exponential-phase culture m 
a medium of the same composltlon, was dispensed (5 ml) m every stenle 
culture tube (Fig 1) An- was evacuated urlth a conventional vacuum pump 
(residual pressure m a water-free tube ca 0.3 kPa) Quadruphcates for each 
strain and duphcates for the uninoculated medium were processed in the same 
way. 

Trypcase and yeast extract were obtamed from BloMkrieux (Lyon, France) 
Sodnun thloglycolate (microbiological grade), sodium chloride (pro analyst) 
and D-glucose monohydrate (for blochemlstry and mlcroblology) were from 
Merck (Dannstadt, F.R G ). 
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Fig 1 Tube used for bactenal culture and gas sampling at reduced pressure The culture tube 
(volume 28 4 f 1 1 ml), constructed mth an l&mm 0 D boros&cat.e glass tube (c), IS fitted 
m its upper part w&h a two-way stopcock (b) allowmg air evacuation and, if needed, the 
mtroductlon of any gaseous or hquld reagent Ground-glass parts are lubncated with 
Aplezon H grease (Aptezon Products, London, U K ) A 6 35-3 M-mm &unless-steel 
Swagelok reducing umon (a) with PTFE front and back ferules makes possible the Junction 
of the culture tube to the 3 1%mm 0 D PTFE tubmg of the GC samplmg device 



Reduced pressure headspace GC and gas samplmg condbons 
The samplmg device was constructed with PTFE tubing (3 18 mm O.D.), 

1-e. the loop (2 80 mm I D , volume ca, 14 1 ml) of the sur-way gas sampling 
valve and the connections (1 60 mm 1.D ) At one end of this sampling devrce, 
a bellows valve (Nupro Model SS 2H, Nupro, Willoughby, OH, U.S.A) was 
fitted and, at the other end, the culture tube was connected to the PTFE 
tubing 

For the simultaneous separation of light hydrocarbons and VOSCs, two 
boroslllcate glass columns (1.40 m long, 6 35 mm 0.D , 2 mm I D ) packed 
with 100-120 mesh n-octane-Porasll C (Alltech Assoc , Deerfield, IL, U S.A ) 
and fitted mth Vespel-graphite (85 15) ferules were run m the dual mode 
from 5” C for 1 mm to lOO”C, with an increase rate of 5”C/mm The gas chro- 
matograph (Gvdel 300, Delsl, Suresnes, France) was equipped with two flame 
lomzatlon detectors (hydrogen flow-rate, 25 ml/mm, air flow-rate, 300 ml/mm, 
sensltlvlty, 5 - lo-l1 A f s ) and dual mass-flow controllers (helium purity > 
99 995%, 17 ml/mm) The detector, injector and gas sampling valve 
temperatures were set at 100, 100 and 14O”C, respectively To prevent mter- 
sample contammatlon, the gas sampling device was degassed for about 40 mm 
and the Swagelok union, the PTFE front and back ferules were flushed with m 
between each mJectlon 

The GC analysis of methane was also camed out on two other packmgs [21] 
m boroslhcate glass columns (3 10 m long, 6 35 mm 0 D., 2 mm 1.D ) 40- 60 
mesh molecular sieve 5 A and 80-100 mesh phenyhsocyanate-Poraasll C (both 
from Alltech Assoc ) operated isothermally at 40°C (helium, 17 ml/mm) or 
10°C (helium, 32 5 ml/mm), respectively As a baseline disturbance observed 
with the 14-ml PTFE loop perturbed the methane peak mtegratlon (Delsl 
ICAP 10 digital integrator), gaseous compounds were sampled m a 5-ml 
stamless-steel loop 

After an Incubation period of 168 * 4 h at 37”C, each culture tube was 
vortexed, then thermostatted m a water bath at 25 0 f 0 1°C for 60 mm After 
expansion of the gaseous compounds for 1 mm m the an-evacuated samplmg 
device, the gas sample was mJected To restore the back-pressure of helium 
more quickly, the gas sampling valve was turned back to the u&al posltlon 
3 mm after mJectlon by convention Gas permeablhty of PTFE tubing was con- 
sidered negligible and gas tightness of the sampling device was checked by 
pressure measurements 

When syringe sample mtroductlon was required, the 6-mm 0.D part of the 
culture tube was placed m a glass tube (80 mm long, 11 mm 1-D ) swept with a 
hehum stream (cylinder output pressure ca 200 kPa). Helium was allowed to 
get m through the two-way stopcock In the culture tube fdled up to 
atmospheric pressure, an extra 5.5 ml of helium were introduced with a gas- 
tight syringe through a GC septum placed m a stainless-steel Swagelok reducmg 
union (hehum-pressurized tube). The tube was vortexed agam, 5 5 ml of 
gaseous compounds were urlthdrawn and the volume was adjusted to 5.0 ml 
prior to mJection 

Acetylene was prepared extemporaneously from calcmm carbide (Prolabo, 
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0 10 20 30 40 50 60 TlN 

2 Gas chromatogram obtamed from a reduced pressure headspace of a TTY 

(m?n) 

medium 
culture of Clostradrum sp DSM 1786 Dual borosihcate glass columns (1 40 m long, 6 35 
mm OD, 2 mm I D ) packed with 100-120 mesh n-octane-Porasil C Temperature 
programming 5°C for 1 mm, 5’C/min up to 100°C Detector flame ionization 
(temperature 100” C, sensitivity at attenuation X 2 5 3 10 -I’ A f s ) Carrier gas helium 
(flow-rate 17 ml/mm) Peaks 1 = methane, 2 = methanethiol, 3 = ethylene sulnhlde ,4 = di- 
methyl sulphlde, 5 = dimethyl disulphlde, 6 = dlmethyl trlsulphlde, 7 = S-methyl thioacetate, 
l = light hydrocarbons, U = unknown Attenuations are given m parentheses For detads 
about the first elutmg peaks, see Fig 6a 

TABLE I 

RETENTION TIMES OF SOME C,-C, HYDROCARBON AND VOSC STANDARDS 

Dual borosllicate glass columns packed with 100-120 mesh n-octane-Porasl C CC condl- 
tlons as m Fig 2 (A) From Farmltaha Carlo Erba (Paris, France), (B) from Fluka (Buchs, 
Switzerland), (C) from Prolabo (Pans, France), (D) from Aldrich (Strasboure France), (E) 
from Merck (Darmstadt, F R G ), (F) from Eastman Kodak (Rochester, NY, US A 1, for 
acetylene and S-methyl thloacetate, see the text 

Compound Retention Compound Retention 
time time 

(mm) (mm) 

Methane (A) 22 2-Methyl-l-butene (A) + crs-2- 
Ethane (A) + ethylene (A) 2 8 pentene (B) + trane-2-pentene (B) 13 2 
Acetylene 30 n-Hexane (C) 13 4 
Propane (A) 32 Methanethiol (B) 13 7* 
Propene (A) 50 2-Methyl-2-butene (D) 14 5 
Isobutane (A) 52 n-Heptane (C) + ethanethiol (D) 17 6 
n-Butane (A) 56 Ethylene sulphide (D) 20 9 
l-Butene (A) 82 Dlmethyl sulphlde (E) 218 
Isobutene (A) 90 Propylene sulphlde (B) 25 3 
trans-2-Butene (A) 92 Ethyl methyl sulphlde (B) 26 0 
n-Pentane (A) 94 Dimethyl disulphide (C) 27 0 
3-Methyl-l -butene (A) 111 Dlmethyl trisulphlde (F) 50 2 

S-Methyl thloacetate 57 0 

*The retention tune of methanethiol decreases to 12 7 mm when large amounts are mJected 
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Parrs, France) by hydrolysis and S-methyl thioacetate was a @ft from Professor 
J Adda (Instltut National de la Recherche Agronomique, DiJon, France) All 
other chemicals (hsted m Table I) were, at least, of analytrcal grade. 

GC-MS conda tlons 
The GC separation was achieved wrth the n-octane-Porasil C glass column. 

Electron-impact (70 eV) mass spectra were run on a Rlber R lo-10 quadrupole 
mass spectrometer coupled to a System Industries-Digital Equipment Corpora- 
tion PDP/8M calculator and a Grrdel 30 S gas chromatograph (Nermag, Ruell 
Malmaison, France). The mass range was 20-250 a.m.u (values 28 and 32 
a.m u excluded) and the scan rate was 100 a mu /s 

Gaseous compounds were syringe-sampled from helmm-pressurrzed tubes 
and, m special mstances, successive mlections were performed to trap trace 
components, e.g. ethylene sulphide and C5 alkenes, on the first centimetre of 
the column cooled with carbon dioxide. Mass spectra were compared with 
those of MS regrsters 

RESULTS AND DISCUSSION 

A typical chromatogram for Clostrzdzum sp. DSM 1786, obtained on 
n-octane-Porasrl C, 1s shown m Fig 2 Retentron tunes of various hydrocarbons 
and VOSCs on this packing are hsted m Table I Results obtamed for selected 
peaks from nineteen Clostrrdzum strams are summarized m Table II The 

Fig 3 Electron-Impact (70 eV) mass spectra of two C, alkenes (molecular mass M = 70) 
from a gas sample of C h~tolytrcum ATCC 19401T cultured m TTY medium (A) 3-Methyl- 
l-butene and (B) Z-methyl-2-butene Air was added 18 h prior to the GC-MS analysis to 
oxldlze methanethlol The gaseous compounds were preconcentrated on the head of a glass 
column packed with n-octane-Porasd C 
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Fig 4 Electron-Impact (70 eV) mass spectrum of ethylene sulphlde (molecular mass M 
= 60) from a gas sample of C sporogenes AIP GO1 cultured m TTY medium supplemented 
with D-&hCOse and sodmm thloglycolate, after preconcentration on the head of a glass 
column packed mth nactane-Porasl C 

Fig 5 Electron-Impact (70 eV) mass spectra of (A) dlmethyl trlsulphlde (moIecular mass M 
= 126) and (B) S-methyl thloacetate (molecular mass M = 90) from a gas sample of 
Clostrzdzum sp DSM 1786 cultured m TTY medmm Separation was achieved on a glass 
column packed urlth n-octane-Porasd C 

identity of the peaks was determined by co-chromatography with authentic 
standards and confnmed by GC-MS for 3-methyl-1-butene (Fig 3A), 
2-methyl-2-butene (Fig 3B), methanethlol, ethylene sulphlde (Fig 4), 
dImethy dlsulphlde, dlmethyl tnsulphlde (Fig 5A) and S-methyl thloacetate 
(Fig 5B). For methane, C,--C, hydrocarbons and dunethyl sulphlde, the 
Identity of the peak was deduced from co-chromatography experiments on n- 
octane-Porasl C and, for methane, on two additional packmgs, molecul= sieve 
5 A and phenyhsocyanate-Porasll C (Table III) 

To avoid any contammatlon and/or chemical modlficatlons prior to the GC 
analysu, 6 M sodium hydroxide [2, 31 was not added to the culture and there 
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TABLE III 

ANALYSIS OF METHANE IN REDUCED PRESSURE HEADSPACE OF TTY MEDIUM 
CULTURES OF CLOSTRZDIUM sp DSM 1786 

Glass columns packed mth either molecular sieve 5 ft (oven temperature 40” C, hehum flow- 
rate 17 ml/mm) or phenyhsocyanate-Porasd C (oven temperature lO”C, hehum flow-rate 
32 5 ml/mm) were used Results are arbltranly expressed m @V-s (mtegratlon) 

Headspace sample 
@V s) 

Peak area (mean + S D ) (pV/s) 

Molecular sieve 5 A Phenyhsocyanate-Porasd C 
(retention tune, 5 85 mm) (retention time, 2 10 mm) 

CIootrzdzum sp DSM 1786 842182 + 4451 789 473 + 21816 
Unmoculated TTY medmm 5274 * 1719 6978 2 755 

was no pretreatment of the gas sample (e g tylth chemical traps) As moisture 
m the gas was not removed, ethane was not separated from ethylene [20] and 
the correspondmg peak, very narrow but discernable, was not easily 
quantltated m the presence of large amounts of methane (Fig. 6) The length 
of the loop (2 50 m m contrast to 1 40 m for the GC column) caused a shght 
disturbance of the baseline (Fig 6) but did not perturb the detectlon of 
methane As ghosting phenomenon was not observed, the posltlon of a sample 

;; 
x 

(b) r xi 
” 

d 
I * 

0 4 0 ‘I 0 4 Time (mln) 

Fig 6 Influence of helium addltlon and amount of methane qected on the shape of the 
first peaks elutmg on n-octane-Porasll C Headspace GC condltlons as m Fig 2 (a) 
Clostndzum sp DSM 1786 cultured m TTY medmm urlthout add&Ion of hehum, (b) after 
addltlon of helmm, (c) C cadauens ATCC 25783T cultured m TTY medmm without 
addltlon of helium Peaks 1 = methane, 2 = ethane + ethylene 
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ln the sequence of analyses was not Judged important However, the Peak Of 
dImethy disulphlde was always more important vvlth the first bacterial gaseous 
sample and generally decreased slowly mth subsequent ones, whereas no vana- 
tlon was observed for other compounds, especially methanethlol and bacterial 
gas pressures This could be due to the adsorption of dlmethyl dlsulphlde on the 
GC system and/or Its reduction to methanethlol m the presence of hydrogen, 
a gas produced in large amounts by Clostrzdzum sp DSM 1786 [23] For this 
reason, m each quadruphcate, the first chromatogram was put aside for peak 
area determmatlons Peak areas have been arbltrarlly expressed m mm2 or, m 
some mstances, m PV-s as, m headspace quantitative studies, problems are 
encountered for callbratlon and mltlal concentration determination when gas 
pressures are m the sub-atmospheric range [24, 251 

In a gas-liquid system, the ratlo R, given by the formula R = (A& - AE+l)j 
AE where AG IS the peak area corresponding to a gaseous compound G for 
successive (n, n+l) mjectlons, is constant If this compound IS distributed only 
in the gas phase Consequently, its mltlal amount can be calculated by extra- 
polation 1241 For methane, results obtamed from multlple mjectlons on 
molecular sieve 5 .& for the same culture tube showed that this analyte behaved 
m such a way (Table IV) Contrastlvely, for VOSCs analysed on n-octane- 
Porasll C, especially methanethlol, an enrichment of the gas phase from the 
hqmd phase was observed. 

Temperature and gas pressure are major thermodynamic parameters m head- 
space-XX amdys~~ [251 and must be perfectly controlled. Results could be sub- 
k&xi or@ if al1 thermodynamic parameters (chlefIy temperature and gas 
pressure) are ldentlcal for the unmoculated TTY medmm and the bacterial 
culture For this reason, a blank would be needed for each different bacteria) 
culture These virtually ideal blanks would be prepared by mtroducmg 
hydrogen and carbon dioxide (the mam gases produced by Clostrzdlum 

TABLE IV 

ANALYSIS OF METHANE AFTER SUCCESSIVE INJECTIONS OF A REDUCED- 
PRESSURE HEADSPACE OF A TTY MEDIUM CULTURE OF CLOSTRIDIUM sp DSM 
1786 

The GC separation was achieved on a glass column packed with molecular sieve 5 d (oven 
temperature 40”c, hehum flow-rate 17 ml/mm) Results are arbltrarlly expressed In ~V-S 
(mtegratlon) For the defmltlon of R, see text 

InJection Methane peak area R 
step @V-s) 

1 846 316 
2 660 339 
3 515 891 
4 402 602 
5 316 600 
6 248 582 
7 193 197 
8 149 803 
9 117 240 

10 89.1!?8 

0 219749 
0 218748 
0 219599 
0 213615 
0 214839 
0 222804 
0 224610 
0 217372 
0 237564 
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bactena) to an unmoculated TTY medmm, their partial pressures and the PH 
of the medium bemg those of a 168-h bacterial culture They have not Yet 
hen a&leved and further unprovements would be needed to conclhate 
bacteriological and quantltatlve trace headspace GC analysis requirements. 
Nevertheless, this senes of results showed the presence, at low levels, of some 
hydrocarbons and VOSCs m the headspace of unmoculated TTY media. Further- 
more, to have good resolution of the fast elutmg peaks, It 1s obviously 
advantageous to use reduced-pressure culture tubes rather than the pressurized 
vials often used m anaeroblc mlcroblology and generally fitted with rubber 
septa, a source of organic contammation and adsorption 

In an attempt to compare the results obtamed from bacterial cultures and 
unmoculated TTY media, another series of expenments was carried out, m 
which all the tubes were filled up to atmosphenc pressure with the carrier gas, 
helium, before headspace GC analysis on n-octanePorasll C The contrlbutlon of 
hght hydrocarbons and VOSCs detected m the headspace of an uninoculated 
TTY medium to gaseous compounds of CZostrzdzum sp DSM 1786 was 
negh@ble, except for C3-C, hydrocarbons (Table V) The only drawback 
was the broadenmg of the methane peak, a consequence of the mJectlon 
of a larger volume of gas via the valve (Fig 6) For this reason, the difficulty 
of determmmg, with preclslon, the area of the methane peak did not allow the 
construction of a cahbratlon curve for methane-hehum mixtures at 
atmosphenc pressure. However, when bacterial gaseous compounds were 
analysed for methane on molecular sieve 5 A, the shape and the area of the 
methane peak were the same, whether helium was added or not, thus, It was 
possible to construct the cahbratlon curve The appropriate amount of methane 
was mtroduced into a large dilution tube (volume ca 560 ml) fltted with an 

TABLE V 

SELECTED LIGHT HYDROCARBONS AND VOSCs DETECTED IN HEADSPACE OF 
HELIUM-FILLED TTY MEDIUM CULTURES OF CLOSTRIDIUM sp DMS 1786 

Headspace GC condltlons are as m Fig 2 

Clostndum sp DSM 1786 Uninoculated TTY medium 

Methane 93 120 * 1450 203 * 11’7 
Propane 370 f 225 50+ 31 

Isobutane 99 r 29 142 2 3 

n-Butane 160 + 8 285 f 38 
3-Methyl-1-butene 33 t 6 - 

Methanethlol 1300 480 + 34 631 1232 f 396 
Ethylene sulphlde 21* 9 - 
Dlmethyl sulphlde 296 * 14 - 

Dlmethyl dlsulphlde 23693 2 3900 330 f 42 

Dlmethyl trlsulphlde 4361 + 234 93* 4 
S-Methyl thloacetate 9072 + 291 - 

Unknown* 403 I 223 310 f; 127 

*Retention time = 62 0 mm 
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impinger and purged beforehand with hehum, until no CC response for 
methane could be recorded. Cahbratlon murtures, realized in the same way 
for lsobutane, were analysed on n-octane-Porasll C. It was calculated by extra- 
polatlon that the initial amounts of methane and lsobutane m a 168-h culture 
of C&&Z&U~ sp. DSM 1786 m 5 ml of TTY medium were ca 60 nmol and 
50 pmol, respectively. In comparison, they were ca. 150 and 75 pmol m the 
headspace of an unmoculated TTY medium. 

To rule out the axtlfactual ongm of methane, v~~llous technical parameters 
were modified. On the one hand, two modes of sample mtroductlon m the n- 
octane-Porasll C column were compared with the conventional one: (1) conven- 
tional samplmg, the valve being directly connected to the head of the column 
with PTFE tubing to shunt the metallic mJection port, (11) on-column inJection 
with a gas-tight syringe from helium-pressurized culture tubes, the only metalhc 
surfaces bemg the detector Inlet and the syrmge needle. In both modes, the 
profiles did not show maJor differences, allthough, with the second mode, the 
early elutmg peaks were sharper and their retention times shorter On the other 
hand, expenments were camed out with grease-free culture tubes (fitted with 
two PTFE Rotaflo stopcocks) and a hquld-nitrogen trap interposed m the 
vacuum hne durmg the two steps of ar evacuation No notlceable mterference 
created by the vacuum pump and/or Aplezon H grease was found 

The fact that, among VOSC (mainly methanethlol)-formmg strams (Table 
II), some produced large amounts of methane, e.g Clostrzdzum sp. DSM 1786, 
and others formed small amounts, d any, of this hydrocarbon, e g C cadauerzs 
ATCC 25783T and C sporogenes AIP 55/70, made the chemical transforma- 
tron of VOSCs mto methane very unlikely. 

The occurrence of small amounts of methane among gaseous compounds 
of Clostrldaum bacteria has been previously reported [2, 3, 26, 271 In an 
earlier report 1283, the high proportion (l-5%) of methane found m cultures 
of C, bzfermentans and C. cupromm isolated from sludges makes qu&lona& 
the l~Wh?~en~ of on@ &Se ShUnS in the methanogenesls observed Our 
results clearly mdcate that methane formatlon 1s not restricted to a partlcula 
s&m and that methane-forming &rams are distributed among human (e,g 

c hmtlforme A'I'CC 33%MT) and soil (e.g C ghonz ATCC 25757T) Isolates 
1291. 

Ethylene sulphlde was ldentlfled among volatlles of C sporogenes AIP GO1 
cultured m TTY medium supplemented Mth D-glucose and sodmm thio- 
glycolate, con&tlons m which the formatlon of this heterocychc compound is 
enhanced [3] _ As no reagent, was added to the sample, the hypothesis of only 
a sodium hydroxide induced transformation of 2-mercap toethanol (probably 
origmatmg from sodium thloglycolate by bacterial reduction) to ethylene 
sulphlde [3 3 can be ruled out 

In gases of several stmms of Ciostrtdrum subJected to direct MS analysis 
w&hout poor GC separation, methanethlol and dunethyl dlsulphlde have been 
reported 1301, along with CZ-C4 thlols and dlmethyl sulphlde for C tetunz 
1311, but dlmethyl trlsulphlde and S-methyl thloacetate have not yet been 
reported m the Qostrzdzum group. 

For the five strams labelled C ~~$to~ytzcum o~g~nat~ng from different 
CollectIons, the headspace GC patterns were vn%ually ldentlcal and showed 
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two Particular hydrocarbon peaks ldentlfxed as 3-methyl-l-butene and 
2-metW-2-butene, the latter glvmg a shoulder on the small methanethlol 
peak 

The headspace GC profile of C ~~s~~~or~~ ATCC 33268T was unlike that of 
C s~~~e~~z~~~e ATCC 25774T, the most strolls feature bemg the d~~~~~~c~ 
In methane and methanethlol formatlons This can be an addltlonal argument 
to protem electrophoretlc patterns, morphologrcal proper&%, hydrogen 
production f29] and citrate u~~~~atl~n [32] for the d~st~~ct~u~ uf these twa 
species 

The &scnptlon of methane and ethylene sulphlde as CZostrldlum volatlles 1s 
of interest of one keeps in mind that (1) the possible involvement of Clos@ldlum 
bacteria m the cause of some human cancers, particularly large bowel cancers, 
has been suggested [33], (n) anaeroblc bactena (e.g. Clostrldla) are in a higher 
number m colomc polyps than in the adJacent normal mucosa [34], (Ul) 
the percentage of humans vvlth detectable methane m then breath 1s higher in 
patients urlth large bowel cancer than m controls [ 351, and (IV) ethylene 
sulphlde has been reported to induce sarcoma m rats [36] . Therefore, the 
detection by headspace GC of both methane and ethylene sulphlde m blologlcal 
hqulds (urine, blood) and chnlcal material (e-g colomc polyps and faeces) 
mcubated m smtable me&a could be useful to study the mvolvement of 
Clostrzdzum bactena m cancer patients The headspace GC method described 
in this paper would also be valuable for the chemotaxonomy of the Clostrrdzum 
grOUp, P~lcUldy for clinlc~ isolates resemblmg C subtermlnale and C 
hasWorme [29] and for the study of environmental samples In which 
Clostndla are known to be present 
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