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Abstract

Isolates of Stachybotrys chartarum, Aspergillus versicolor and Trichoderma spp. from water damaged Danish buildings were grown
on old and new gypsum boards, wood pieces, chipboard, gypsum board with wallpaper and acoustic ceiling tiles. Production of
sterigmatocystin and 5-methoxysterigmatocystin by each of 5 isolates of A. versicolor growing on pine wood, wallpaper, gypsum
board and chipboard, were detected using HPLC with diode array detection and TLC with AICI, staining. After derivatization to
the heptafluorobutyrlated ester and using gas chromatography ion trap mass spectrometry, negative ion chemical ionisation. for
detection, trichothecenes of the verrucarol type were found in 4 of 5 isolates of S. chartarum growing on old and new gypsum boards.
None of 8 Trichoderma isolates produced the trichothecenes T-2 toxin, HT-2 toxin. diacetoxyscirpenol, fusarenon-X, deoxynivalenol,
nivalenol or trichothecenes of the verrucarol or trichodermol type on any of the above mentioned materials. (: 1998 Elsevier Science

Ltd. All rights reserved
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1. Introduction

Stachvbotrys chartarum (synonym: S. atra), Penicillium
chrysogenum, Aspergillus versicolor, Trichoderma spp. and
Chaetomium spp. are some of the major fungal con-
taminants on water damaged building materials in
Denmark (Gravesen et al., 1997). At present S. chartarum.
A. versicolor and Trichoderma spp. are suspected of con-
tributing to mucous membrane symptoms such as itching
eyes, stuffy nose, irritation of skin, headache and fatigue
among occupants of affected Danish buildings.

S. chartarum is a tertiary colonist (Grant et al., 1989)
capable of growing at high water activities a, > 0.90-0.95,
and is frequently seen on water damaged gypsum boards,
wallpaper and glass-fibre wallpaper (Grant et al., 1989;
Gravesen et al., 1997; Nikulin et al., 1994). S. chartarum
is known to produce six toxic macrocyclic and four non-
macrocyclic trichothecenes (Table 1). Satratoxin H (Fig.
1) and satratoxin G are the trichothecenes most often
produced by S. chartarum on water damaged building
materials (Nikulin et al., 1994; Johanning et al., 1996:
Croft et al., 1986; Sorensen et al., 1987), but trichoverrol
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A and B, verrucarin B and ] were detected in a natural
sample from a house in Chicago (Croft et al., 1986).

Trichoderma is also a tertiary colonist only capable of
growth when a, > 0.9, and is commonly found on wooden
products (Gravesen et al., 1994). The most common spec-
ies found in Danish water damaged buildings are Trich-
oderma harzianum, T. longibrachiatum. T. viride and T.
atroriride (unpublished results from the Department of
Biotechnology).

Some Trichoderma species are capable of producing
trichothecenes (Fig. 1 and Table 1), e.g. trichodermol.
harzianum A and trichodermin produced by T. har-
zignum and  trichodermin produced by T. long-
ibrachiarum. All these trichothecenes can be hydrolysed
to the parent alcohol trichodermol (Tamm and Tori,
1984; Godfredsen and Vangedal, 1965; Corley et al.,
1993). There are also reports of production of T-2 toxin
(Smoragiewiczet al., 1993) and diacetoxyscirpenol (DAS)
(Cvetnic and Pepeljnjak, 1997).

A. versicolor 1s a primary colonist capable of growth
down to a, >0.65-0.70 (Grant et al., 1989), making this
fungus one of the most frequently isolated fungi from
building materials (Gravesen et al., 1994). 4. versicolor
consistently produces the carcinogenic mycotoxin sterig-
matocystin on most laboratory media (Frisvad, 1989).
On wallpaper paste agar 2 of 4 isolates produced sterig-
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Table 1

Trichothecenes produced by S. chartarum., T. longibrachiatum. T. harzianum and T. viride

Genus Species Toxin

Hydrolysis product

Roridin E

Satratoxin H
Verrucarin J
Satratoxin F
Satratoxin G

chartarum
chartarum

Stachybotrys
Stachyborrys
Stachybotrys
Stachyborrys
Stachybotrys
Stachyborrys
Stachybotrys
Stachvborrys
Stachyboirys
Stachybotrys
Trichoderma viride

Trichoderma harzianum
Trichoderma harzianum
Trichoderma

chartarunt
chartarum
chartarum
chartarum
chartarum Verrucarin B
chartarum
Trichodermol
Trichodermin
Trichodermin
Harzianum A
Trichodermin
Trichodermin

cyvlindrospora
cvlindrospora

Longibrachiatum

Trichoverrol A and B

Trichoverrin A and B

matocystin (Larsen and Frisvad, 1999). Production of
cyclopiazonic acid (Ohmomo et al., 1973) has not been
verified and is probably due to misidentification with
other Aspergillus species (Frisvad, 1989).

For analysis of trichothecenes, gas chromatography
(GC) of various derivatives has usually been used whereas
high performance liquid chromatography (HPLC) has
been less successful due to poor excitation values, excepl
for some macrocyclic trichothecenes (Krishnamurthy
and Sarver, 1986; Krishnamurthy and Sarver, 1987:
Frisvad and Thrane, 1993). Sterigmatocystin is usually
detected by TLC with AICI; staining (AOAC official
method 973.38), but HPLC of the native and derivatised
toxin using single UV, diode array or fluorescence detec-

Satratoxin H Verrucarol

o}

Eppley and Bailey, 1973

Verrucarol

Verrucarol Eppley et al., 1977
Verrucarol Eppley et al., 1977
Verrucarol Eppley et al., 1980
Verrucarol Eppley et al., 1980
Verrucarol Jarvis et al., 1986
Verrucarol Croft et al., 1986
Verrucarol Croft et al., 1986
Trichodermol Ayer and Miao, 1993
Trichodermol Ayer and Miao, 1993
Trichodermol Godtfredsen and Vangedal, 1965
Trichodermol Corley et al., 1994
Trichodermol Ichineo and Kurate. 1983
Trichodermol Ichineo and Kurate, 1983

tion has also been used (Frisvad and Thrane, 1987:
Abramsom and Thorstein, 1989; Lepom, 1986; Neely and
Emerson, 1990).

The purpose of this paper is to verify the production
ol mycotoxins from A. versicolor, S. chartarum, T. har-
zianum, T. longibrachiarum and T. atroviride grown on
artificially inoculated building materials.

2. Materials and methods
2.1. Fungal identification.

S. chartarum (5 isolates), Trichoderma (8 isolates) and
A. versicolor (5 isolates) are held at the IBT Culture

Bis-heptafluorobutyrverrucarol

F
g F F F
F
F
F
NaOH in methanol HFBI in toluene-acetonitrile
Trichodermin Trichodermol Heptafluorobutyrtrichodermol
0 \’v
") /=7
{¢]
.- H H F
F
hg F

Fig. 1. Hydrolysis and heptafluorobuturylation of trichothecenes.
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Collection, Department of Biotechnology, Technical
University of Denmark. All fungi were identified by cul-
tivation as described by Samson et al. (19995).

2.2. Cultivation on building materials

New gypsum boards and chipboard sheets 9mm
(bought 2 weeks before the inoculation) were cut into
discs 120 mm in diameter. Acoustic ceiling and old gyp-
sum boards (approx. 25 vyears) were cut into
9 x 90 x 90 mm pieces and pine wood into 8 x 60 x 60 mm
pieces. The materials were placed in 140 mm Petri dishes,
one in each except for the pine wood, where 3 pieces were
placed in each Petri dish before sterilisation with 20 kGy
»-radiation. Autoclaved double distilled water was added
and the materials were inoculated with 1 mL spore sus-
pension containing 10° spores/mL.

In Petri dishes (140 mm) discs of new gypsum boards
9mm thick x 120 mm in diameter were coated with a thin
layer of wallpaper paste and 0.5mL spore suspension
containing 10° spores/mL was added, wallpaper was
applied to the pasted surface of the gypsum disc and
0.5mL spore suspension containing 10° spores/mL was
added. Finally autoclaved double distilled water was
added. The Petri dishes were placed in a ventilated room
at 25 'C, and inspected once a week. Autoclaved double
distilled water was added as the materials dried out (7-
14 days) to maintain a high water activity (a,,).

3. Extraction

Extraction of the infested building materials was per-
formed in one of two ways:

e After 50 days of cultivation, materials were extracted
by soaking in 400 mL methanol overnight followed
by 400 mL dichloromethane overnight. The combined
phases were evaporated to dryness on a rotary evap-
orator in vacuo at 40°C, and taken up in 2xSmL
methanol.

e After 25 or 100 days of cultivation the fungal biomass
was scraped off the materials and extracted overnight
in 50mL methanol and evaporated to dryness on a
rotary evaporator in vacuo a 40°C, and taken up in
2 x SmL methanol.

All samples were stored at —80 'C until analyses werc

performed.

Spiking experiments involving addition of T-2 toxin.
roridin A, trichodermol, sterigmatocystin and dihydro-
sterigmatocystin from dichloromethane solutions before
and after addition of the extraction solvents were per-
formed for estimation of recovery percentage.

3.1. Trichothecene analysis
Part of the extract (2mL of 10 mL) was cleaned up on

C,s SPE modules using a water-methanol system accord-
ing to Nielsen et al. (1998).

3.2. Silica gel clean-up.

Part of the extract (2mL of 10 mL) was evaporated in
vacuo at 40 C at Smbar in a Chris Rotational Vacuum
Concentrator (RVC), and taken up in 300 uL dichlo-
romethine. loaded onto a Sep-Pak ™ VAC 6cc Silicagel
(Waters, Wat036910 1g) module and eluted with t4mL
dichloromethane using the modified method of Rosen et
al. (1986). The eluate was evaporated to dryness in the
RVC.

4. Derivatization procedure for GC-MS analysis

For analysis for verrucarol and trichodermol trich-
othecenes. samples were hydrolysed in 0.2M NaOH in
methanol and derivatized with heptafluorobuturyli-
midazo. according to Nielsen et al. (1998) (Fig. 1).

Extracts from Trichoderma were also derivatized with-
out the hydrolysis step, thereby analysing for T-2 toxin,
HT-2 toxin, DAS, fusarenon-X (F-X). deoxynivalenol
(DON) and nivalenol (NIV).

5. GC-MS analysis

A Finnigan GCQ* integrated gas chromatograph-
mass spectrometer (GC-MS), ion-trap with external ion-
isation, was used for the analysis. Injection was splitless
on a 0.18 mm, 0.18 ym, 10 m polydimethyl siloxane
column (DBI1 121-1021) fitted with a 2m 0.20 mm deac-
tivated fused silica retention gap, using the temperature
program described by Nielsen et al. (1998). The MS was
operated in the negative chemical ionization (NCI) mode
using methane as reagent gas at | bar.

5.1. Sterigmatocystin analysis

5.1.1. HPLC Analysis. Extracts were filtered through a
0.45 ym filter (Millipore, HVL PO4700) and analysed on
a HP 1090 Series 2 HPLC equipped with a diode array
detector scanning 200-600 nm in 4 nm steps, 6 mm flow-
cell. A sample of 10 ul was injected on a HP Hypersil
BDS 3 pm C,; column with the water-acetonitrile system
described by Smedsgaard (1997).

5.1.2. TLC. Extracts were analysed by TLC, spraying

with AICI; solution according to Lund (1995), using
sterigmatocystin as external standard.

6. Results and discussion
6.1. Evaluation of growth

Growth of Trichoderma could be detected after 3-4
days on the chipboard discs and was profuse. Collectively
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Trichoderma spp. were capable of growing on all the
materials except for the new gypsum boards (Table 2).
Growth of §. chartarum IBT 7711 could be recognized
after 5 days on the new gypsum board. Growth of the
other S. chartarum isolates was not as rapid, although
the gypsum boards were black after 14 days. All isolates
of A. versicolor were able to grow on all materials except
acoustic ceiling tiles.

6.2. Mycotoxin analysis

Extraction of the mycotoxins was best performed by
scraping the fungal mycelium off the material into meth-
anol instead of soaking the material in the solvent,
thereby avoiding large quantities of interfering com-
pounds from the building materials.

It was found that the mycotoxin standards of sterig-
matocystin, dihydrosterigmatocystin, roridin A, trich-
odermin and T-2 toxin added to the building materials
from dichloromethane were bound to the materials in a
way which prevented extraction with methanol or dich-
oloromethane (results not shown). This indicates that it
may be impossible to clean extracellular mycotoxins from
building materials, making dust from the material a
potential hazard.

NCI scan detection of the heptafluorobuturylated
trichothecenes was superior (Fig. 2) to positive electron
mmpact (EI"), EI* MS/MS and NCI MS/MS. No trich-
othecenes of the trichodermol type, verrucarol type,
DAS, DON, F-X, T-2, HT-2 or NIV could be detected
from any of the 8 Trichoderma isolates.

Trichothecene production of the verrucarol type, was

Table 2
Growth of inoculated fungi on building materials after 2 weeks

100%
TOT
HFijerrucaroI
T T T T T
14.00 19.00 2400 QQiDD
1 1 I n
I
TOT:
HFBZverrucarol

100 %

Fig. 2. Total-ion chromatograms of the same mixture analysed by GC-
MS EI* scan (upper) and NCI scan (lower).

detected in four of five S. chartarum isolates (Fig. 3). This
supports findings of Nielsen et al. (1998), who detected
these mycotoxins in both of two buildings examined. The

Chipboard

Species IBT # New gypsum Old gypsum Acoustic ceiling tiles  Pine wood Wall paper
A. versicolor 14940 + + = +++ = ++ + 4+ +

A. versicolor 15903 + + + +++ = + + ++ +

A. versicolor 15942 ++ + ++ + = - +++

A. versicolor 16000 + + + + +++ - - + + +

A. versicolor 18238 + - + 4+ = = ++ +

S. chartarum 7711 +++ ++ + - - = Not tested
S. chartarum 9262 ++ + + + + = Not tested
S. chartarum 9263 + + ++ + -+ - - Not tested
S. chartarum 14915 ++ + - - - Not tested
S. chartarum 14916 -+ - - - - Not tested
T. atroviride 9127 - - +4++ = + Not tested
T. atrotiride 9133 - = + ++ = - Not tested
T. atroriride 9144 -+ - + 4+ + - = Not tested
T. harzianum 9142 = +++ ++ + + Not tested
T. harzianum 9143 + - + + = + + Not tested
T longibrachiaium 9128 - +++ +++ + ++ Not tested
T. longibrachiatum 9132 - + ++ + + + = Not tested
T. viride 9131 = S - + + Not tested

+ 4+

+ + + material was covered by mycclia within 2 weeks. + + within 4 weeks. + only a fraction of the material was covered after 4 weeks. — no

growth.
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Old gypsum

New gypsum

7711 9293
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14916

9294 14915

IBT culture no.

Fig. 3. Production of trichothecene of the verrucarol type (calculated as satratoxin H) from of S. chartaruni isolates on gypsum boards.

verrucarol had probably originated mostly from satra-
toxin H and G, as these are the primary trichothecene
metabolites from S. chartarum growing on building
materials (Nikulin et al., 1994; Croft et al., 1986; Johan-
ning et al., 1996). The quantities detected (20—
140 ngcm ) are different from but of the same order as
that reported by Johanning et al. (1996). They detected
[ ug satratoxin H in 60 mg S. chartarum biomass scraped
from a 30cm? infested building material giving
33ngcem ™7, This is lower than reported by Nikulin et al.
(1994), who detected 2-3.5ugcm ~2 satratoxins from a
highly toxic strain of S. chartarum.

A. versicolor produced large quantities of sterig-
matocystin and 5-methoxysterigmatocystin (Fig. 4) on
the building materials (Figs 5 and 6). As the quantities of
A. versicolor biomass scraped from the materials were

DAD1 A, Sig=248 4 Ref=off (C:\LCDATAKRNI11\DYKR0009.D)

mAU - e o - - — ;13-946
e 5-Methoxysterigmatocystin

800 - ' iz - e

- . \“ S
600 - - 23; ‘ . | l16256
400 | ol o . } 15344 |

i T250 300 350 400 s50 500 550 \
200 - — ‘ )

0 T IO
5 10 15 20

under 0.1 g, the total contents of sterigmatocystins may
have been more than 1% of the biomass.

Since sterigmatocystin has been classified by the Inter-
national Agency for Research on Cancer (IARC)as a 2A
human carcinogen (IARC, 1993), these findings point to
a potential carcinogen risk in buildings infested by A4.
versicolor, especially for workers making structural chan-
ges or cleaning up contaminated materials.

7. Conclusions

The findings of trichothecenes from 4 out of 5 S. ¢har-
tarum isolates indicates that most Danish isolates pro-
duce toxins when growing on building materials.

Trichoderma spp. were not found to produce trich-
othecene mycotoxins on building materials.

50 Sterigmatocystin

/0300 350 400 450 S0 550 nm

25 30 35 40 min

Fig. 4. HPLC chromatogram of extract of 4. rersicolor IBT 16000 grown on wallpaper.
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Fig. 5. Production of sterigmatocystin by 4. rersicolor on building materials.
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Fig. 6. Production of S-methoxysterigmatocystin by A. rersicolor on building materials.
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The findings of high quantities of the carcinogenic
mycotoxin sterigmatocystin, especially on wallpaper,
demonstrate a potential health hazard in water damaged
buildings, since A. versicolor is almost always present
on water damaged building matenals. The finding of
sterigmatocystin production of A. versicolor on building
materials has not been reported before.
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