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Significance ofSignificance of MVOCs MVOCs

–– MVOCsMVOCs associated with Toxicity associated with Toxicity
•• toxic effects may be attributable totoxic effects may be attributable to

specific chemicals emitted by moldsspecific chemicals emitted by molds

–– as Indicators of Mold as Indicators of Mold ContainationContaination
•• mold contamination may be detectedmold contamination may be detected

by chemical analysis of vapor spaceby chemical analysis of vapor space

 



Origin of Microbial Origin of Microbial VOCsVOCs

Arise from Metabolism (Fermentation)Arise from Metabolism (Fermentation)

–– Molds (Fungi) consumeMolds (Fungi) consume
•• carbohydrates (e.g. grains)carbohydrates (e.g. grains)
•• cellulosicscellulosics (e.g. wood) (e.g. wood)

–– Molds (Fungi) produceMolds (Fungi) produce
•• alcoholsalcohols, , ketonesketones,  ,  aldehydesaldehydes, esters,, esters,

acids, acids, lactoneslactones, , terpenesterpenes

 



Effects of Microbial Effects of Microbial VOCsVOCs

Mold Fermentation ProductsMold Fermentation Products

–– are associated with toxic exposuresare associated with toxic exposures
•• irritation, headaches, lethargyirritation, headaches, lethargy
•• lung and kidney toxicitylung and kidney toxicity

–– have a chemical profilehave a chemical profile
•• alcoholsalcohols, , ketonesketones,  ,  terpenes terpenes (major)(major)
•• esters, acids, esters, acids, aldehydesaldehydes (minor) (minor)

 



Nature of Microbial Nature of Microbial VOCsVOCs

Identity of Identity of MVOCsMVOCs
•• specific chemicals emitted by fungispecific chemicals emitted by fungi
•• similar chemicals from many fungisimilar chemicals from many fungi

Amounts of specificAmounts of specific MVOCs MVOCs
•• vary with species of fungivary with species of fungi
•• vary with fungal substratevary with fungal substrate

–– (i.e. what the fungi consume)(i.e. what the fungi consume)

 



Microbial Microbial VOCsVOCs

TERPENES & ETHERSTERPENES & ETHERS
camphorcamphor 2-methyl 2-methyl furanfuran
camphenecamphene 2,5-2,5-dimethyl furandimethyl furan
limonenelimonene αα--pinenepinene

      αα--terpineolterpineol dimethyl dimethyl sulfidesulfide



Microbial Microbial VOCsVOCs

KETONESKETONES
2-2-hexanone hexanone (methyl (methyl isobutyl ketoneisobutyl ketone))
2-2-heptanone heptanone (methyl (methyl pentyl ketonepentyl ketone))
2-2-octanone octanone (methyl (methyl hexyl ketonehexyl ketone))
3-3-octanone octanone (ethyl amyl (ethyl amyl ketoneketone))



Microbial Microbial VOCsVOCs

ALCOHOLSALCOHOLS
3-methyl-1-3-methyl-1-butanolbutanol ( (isoamylisoamyl alcohol) alcohol)
3-methyl-2-3-methyl-2-butanolbutanol
2-2-pentanol pentanol (sec-amyl alcohol)(sec-amyl alcohol)
3-3-octanoloctanol



Some Sources of Some Sources of MVOCsMVOCs

  3
-m

et
hy

l-1
-b

ut
an

ol

  3
-m

et
hy

l-2
-b

ut
an

ol

  2
-p

en
ta

no
l

  2
-h

ex
an

on
e

  2
-h

ep
ta

no
ne

  2
-o

ct
an

on
e

  3
-o

ct
an

on
e

  2
-m

et
hy

lfu
ra

n

  2
,5

-d
im

et
hy

lfu
ra

n

  c
am

ph
or

  c
am

ph
en

e

  a
-p

in
en

e

  li
m

on
en

e

Aspergillus candidus X X X X X X X X X X X X X

Aspergillus fumigatus X X X X X X X X X X

Aspergillus versicolor X X X X X X X

Cladosporium cladosporioides X X X X X X X

Cladosporium herbarum X X X X X

Penicillum claviguram X X X X X X X X X

Penicillum polonicum X X X

Penicillum italicum X X X X X X X X

Penicillum glabrum X X X X X X X

Chemosphere, 1999,39,793-810                       J Environ Monit 1999,1,445-452
Int J Hyg & Environ Hlth, 2000, 203, 97-104       Analyst, 1996, 121, 1949-1953

 



Analysis of Analysis of MVOCsMVOCs

MVOCs san MVOCs san be analyzedbe analyzed

–– Charcoal or Charcoal or TenaxTenax samplers samplers
•• good recoveries & resolution by GCgood recoveries & resolution by GC

–– Diffusive Samplers convenient forDiffusive Samplers convenient for
Long Term Sampling (1-7 days)Long Term Sampling (1-7 days)
•• non-intrusive and simplenon-intrusive and simple
•• low detection limits (low detection limits (ppbppb))
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MVOC SamplerMVOC Sampler
(diffusive)(diffusive)

SAMPLING GRID

SAMPLER CAP

WAFER DISH

SAMPLINGSAMPLING
WAFERWAFER
TreatedTreated

CharcoalCharcoal

 



Sampling ParametersSampling Parameters

M V O C
S A M P L I N G  

R A T E
D E T E C T I O N  

L I M I T  *
(ml /min) (ppm)

3-methyl -1-butanol 3.93 0.01

3-methyl -2-butanol 3.93 0.06

2-pentanol 3.93 0.01

2-hexanone 3.68 0.01

2-heptanone 3.36 0.07

2-octanone 3.09 0.07

3-octanone 3.09 0.07

2,5-dimethylfuran 4.07 0.01

camphor 2.90 0.01

c a m p h e n e 2.94 0.06

a-p inene 3.05 0.01

l imonene 2.95 0.02

* Detection Limit (ppm) based on 72-hour sampling time.

 



Analytical ParametersAnalytical Parameters

C A S  N o . N a m e  o f  M V O C

G C     

t R D E
D e t ' n  
L i m i t

( m i n ) ( % ) ( u g )

1 2 3 - 5 1 - 3 3 - m e t h y l - 1 - b u t a n o l 8 . 6 6 9 2 0 . 9

5 9 8 - 7 5 - 4 3 - m e t h y l - 2 - b u t a n o l 9 . 7 6 9 3 5

6 0 3 2 - 2 9 - 7 2 - p e n t a n o l 9 . 0 1 9 4 5

5 9 1 - 7 8 - 6 2 - h e x a n o n e 1 0 . 0 2 9 5 0 . 7

1 1 0 - 4 3 - 0 2 - h e p t a n o n e 1 2 . 7 9 6 0 . 7

1 1 1 - 1 3 - 7 2 - o c t a n o n e 1 4 . 2 2 9 4 6

1 0 6 - 6 8 - 3 3 - o c t a n o n e 1 4 . 1 1 9 6 6

6 2 5 - 8 6 - 5 2 , 5 - d i m e t h y l f u r a n 9 . 2 5 9 9 6

7 6 - 2 2 - 2 c a m p h o r 1 7 . 1 9 9 9 0 . 6

7 9 - 9 2 - 5 c a m p h e n e 1 5 . 1 2 9 9 5

8 0 - 5 6 - 8 a - p i n e n e 1 3 . 4 1 1 0 0 0 . 8

1 3 8 - 8 6 - 3 l im o n e n e 1 4 . 6 4 1 0 0 2

 



Validation SchemeValidation Scheme
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ConclusionsConclusions

•• Can you determine by MVOC analysis which fungiCan you determine by MVOC analysis which fungi
may be present in an environment ?  may be present in an environment ?  NONO

•• Can you determine by MVOC analysis whetherCan you determine by MVOC analysis whether
fungi are likely to be present ? fungi are likely to be present ? PROBABLYPROBABLY

••

•• Can you estimate the amount of fungi which areCan you estimate the amount of fungi which are
likely to be present?  likely to be present?  POSSIBLYPOSSIBLY

 



Future WorkFuture Work

•• Field Test - Correlate ResponseField Test - Correlate Response
–– MVOC Detection by Personal SamplingMVOC Detection by Personal Sampling

Badge with GC AnalysisBadge with GC Analysis

vsvs

–– Detection by Microbiology TestingDetection by Microbiology Testing

 


