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Abstract The objective of this study was to investi-

gate the airborne viable spore concentrations and

identify the fungal species in all indoor spaces from

the lending library at the Technical University ‘‘Ghe-

orghe Asachi’’ Iaşi, Romania. Samples were collected

using the settle plate method and swab samples from PC

cooler fan grids as well as from the wall in it’s vicinity

and from paper/wood fragments. There were no air

conditioning systems in the library rooms. The heating

systems were standard with an environmental temper-

ature of 20�C in winter, except for the storage area of

old/rare books stacks II, where the temperature was

below 15�C and the humidity was very high due to water

infiltrations in the walls and poor maintenance. More

than 296 fungal colonies from over 78 samples were

identified, enumerated, and reported. Indoor airborne

fungal spore deposition rates were within the range of

419–1,677 CFU/m2, with the predominance of genera

being Aspergillus spp., Penicillium spp., Cladosporium

spp., Alternaria spp. and Chaetomium spp. Approxi-

mately ten fungal colonies could not be identified. The

PC fans move particles from the low levels (floor) to the

air, and are thus responsible for maintaining a constant

air velocity and contribute to fungal-spore aerosoliza-

tion, transport, deposition and resuspension. Book paper

and wood furniture are known to be suitable substrates

for cellulose degrading fungi.

Keywords Airborne � Fungi � Paper �
Ventilation sources � Allergy � Librarians

1 Introduction

Mold spores are regularly found in indoor air and no

indoor space is free of them. The lack of knowledge
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regarding the role of microorganisms in the develop-

ment and exacerbation of diseases, found in occu-

pants of damp indoor environments, is due largely to

the lack of valid quantitative exposure assessment

methods and knowledge of which specific microbial

agents may primarily account for the presumed health

effects. Very few biomarkers of exposure to, or doses

of biologic agents have been identified, and their

validity for exposure assessment in the indoor

environment is often not known. The entire process

of fungal-spore air dispersion, transport, deposition,

and tracking—all of which determine inhalation

exposure—is poorly understood, as is the significance

of exposure to fungi through dermal contact and

ingestion. There are several methods for measuring

and characterizing fungal populations, but methods

for assessing human exposure to fungal agents are

poorly developed and are a high-priority research

need (Committee on Damp Indoor Spaces and Health

2004). Part of the difficulty is related to the large

number of fungal species that are measurable indoors

and the fact that fungal allergen content and toxic

potential vary among species and among morpho-

logic forms within species. In addition, the most

common methods for fungal assessment—counting

cultured colonies and identifying and counting

spores—have variable and uncertain relationships to

allergen, toxin, and irritant content of exposures

(Committee on Damp Indoor Spaces and Health

2004; Nathanson 1995). There are at least 180 fungal

genera and species or bacteria capable of damaging

both wood and cellulose by using them as nutritious

substratum (Wood 1988). Over the past 10 years

studies on the presence of bioaerosols in closed

workplaces have taken on new approaches as a result

of the misunderstanding or misidentification of the

real causes of various respiratory dysfunctions (aller-

gies, asthma) or skin related (contact-dermatitis)

problems in humans. Airborne routes of transmission

of microorganisms are extremely important and must

be studied with great attention. Indoor fungi is not

only a scientific issue but is gradually becoming a

social one. The World Health Organization tried to

define the Sick Building Syndrome (SBS) first in

1982, which proved to be extremely difficult because

of insufficient scientific data available at the time, as

well as obstacles of a technical and practical nature

(Committee on Damp Indoor Spaces and Health

2004; Nathanson 1995). Despite the availability of

effective interventions to prevent occupational haz-

ards and to protect and promote health in the

workplace, large gaps exist between and within

countries with regard to the health status of workers

and their exposure to occupational risks (Nathanson

1995). We attempt to demonstrate that extensive use

of the personal computer in resting places and at

work, at least 6 h daily, can create favorable condi-

tions for a human respiratory affliction, by facilitating

spores and mycelium fragments to become airborne,

and further to be inhaled once they have reached the

level of the human airways.

2 Materials and methods

2.1 Sampling and isolation methods

In the period September 15, 2007 to February 23,

2008, we collected 78 samples (settle plate method,

swab sample and bulk) to analyse the viable cultiva-

ble fungal spores from all indoor spaces of the

University Library. Thus, 28 swab samples were

taken and immersed in 2 ml Tween 80 saline solution

of 0.05% concentration to ensure a better release in

solution of the spores and hyphal fragments. The

samples were taken to the laboratory in the shortest

time possible and were homogenized. We then placed

0.5 ml into two sterile Petri dishes and added 15–

20 ml of potato dextrose agar (PDA; Merck KgaA,

Germany) and malt extract agar (MEA; Merck KgaA,

Germany), melted with chloramphenicol (maintained

at 45�C). The swabs were also streaked immediately

onto another two Petri dishes which contained PDA

and MEA solid agar.

At the same time 34 Petri dishes, 90-mm in

diameter and half containing PDA and half MEA

solid agar, were opened and exposed to air about one

meter above the ground in different parts of the

rooms (near the keyboard when a PC was in the

room). After 15 min, the Petri dishes were closed,

collected and transferred to the laboratory and

incubated at 25–27�C for 5 days. The colonies were

then counted and the results were expressed as colony

forming units (CFU) per square meter. Fungal

isolates were identified by conventional methods

including the gross morphology of the fungal colony,

tape mount and slide culture for microscopic charac-

terization of reproductive structure and accessory
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structures (Ismail et al. 1999). We also collected 16

fragments of paper books and wood furniture (Fig. 1)

which were immersed into 5 ml Tween 80 saline

solution (0.05%) in plastic closed recipients. We

placed 1 ml from the immersion solution onto the

PDA solid medium and 1 ml onto the MEA and in

succession we deposed all the fragments collected

onto the surface of the Petri dishes PDA medium.

Each colony of fungi after 5–7 days of incubation at

27±1�C was individually inoculated to MEA and

PDA media for identification at species/genus level

(Fig. 1). Petri plates were first examined under a

stereomicroscope. Then we used a light microscope

to determine the colonial features and morphological

structures of the fungi. The determination of the

morphological structures of fungi was carried out by

mounting the colony fragments with a drop of Lacto-

Cotton Blue on clean microscope slides, which is a

method proposed by Sime et al. (2002). Airborne

viable fungal spores and fragments were expressed as

colony forming units (CFU/m2 ) settled in a 90 mm

Petri plate for 15 min of exposure and expressed by

using the following formula (Kołwzan et al. 2006):

x ¼ a� 5� 104=pr2 � t

where x is the number of fungal spores in air, a is the

number of colonies upon the minimum two petri

dishes, pr2 is the surface area of the petri dish (cm2),

and t is exposure time (15 min).

2.2 Identification

Many different culture media were used for identi-

fication of fungi. Fungal genera and species were

identified based on micro and macro-morphology,

reverse and surface coloration of colonies developed

on CZ (Agar Czapeck–Dox; Merck KgaA, Germany),

MEA, PDA, CGA (Chloramphenicol Glucose

Agar; Scharlau Chemie S.A) and Agar Sabouraud

Cloramfenicol (Merck KgaA, Germany) media.

Fungi were identified to genus and species level

following the indications of De Hoog et al. (2005),

Samson and Vargas (2007) and Frisvad and Samson

(2004).

3 Results

The main fungal species and genera identified by

micro- and macro-morphology examination and

which sampling method we used for each type of

surfaces in all spaces analysed are detailed in Table 1.

Approximately 296 fungal colonies from the initial

Petri dishes were isolated in pure culture, and

identified at genus/species level, thus allowing deter-

mination of the occurrence of fungal taxons for all

studied spaces. The fungal deposition ranges were

between 419 and 1,677 CFU/m2 with Aspergillus

spp., Penicillium spp., Cladosporium spp., and Alter-

naria spp. genera identified as predominant in all the

examined locations (Table 2; Fig. 2). Ten fungal

colonies could not be identified. Aspergillus, Penicil-

lium, Cladosporium and Alternaria genera were

consistently found in the dust collected on the

ventilation grid of the PC’s cooler fan, followed by

Fusarium, Chaetomium and yeasts (Fig. 1). Chaeto-

mium genera was identified on the old book paper

surface through the swab sampling method; we then

succeeded in isolating it from the three dermal lesions

that had bothered a person for more than 2 months in

one case (neck skin) and for more than 6 months

(hands skin) in the others (Fig. 3). The lowest airborne

concentration of fungi was observed in the lecture hall

(near the keyboard) and the highest concentration in

the basement in the storage area of valuable old books,

from which wood fragments of the existing furniture

and from the wall surfaces Stachybotrys chartarum

was isolated (Table 2; Fig. 1).

Fig. 1 Wood fragments of furniture on surface of solid PDA medium (left), Aspergillus niger isolated in pure culture on CZ medium

(middle) and Stachybotrys chartarum 9 40 (right)

Aerobiologia (2009) 25:159–166 161

123



T
a

b
le

1
M

ai
n

g
en

er
a

an
d

fu
n

g
al

sp
ec

ie
s

id
en

ti
fi

ed
in

al
l

sp
ac

es
an

d
in

al
l

ty
p

es
o

f
sa

m
p

le
s

an
al

y
ze

d

L
o

ca
ti

o
n

in
th

e
li

b
ra

ry
o

f
th

e
T

ec
h

n
ic

al

U
n

iv
er

si
ty

‘‘
G

h
eo

rg
h

e
A

sa
ch

i’
’

IA
S

I

S
w

ab
sa

m
p

li
n

g
-s

u
rf

ac
e

D
ir

ec
t

ex
p

o
su

re
o

f
p

et
ri

p
la

te
s-

1
5

m
in

B
u

lk

sa
m

p
le

s
V

en
ti

la
ti

o
n

g
ri

d
o

f
th

e
P

C
W

al
l

cl
o

se
to

th
e

P
C

co
o

le
r-

fa
n

/o
n

th
e

b
o

o
k

p
ap

er
su

rf
ac

e

N
ea

r
th

e
k

ey
b

o
ar

d
A

n
o

th
er

lo
ca

ti
o

n
in

th
e

ex
am

in
ed

sp
ac

e
L

ec
tu

re
ro

o
m

,
o

ffi
ce

P
re

v
al

en
t

in
6

sa
m

p
le

s
P

re
v

al
en

t
in

6
sa

m
p

le
s

M
ai

n
fu

n
g

al
g

en
er

a
an

d
sp

ec
ie

s
id

en
ti

fi
ed

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

A
lt

er
n

a
ri

a
a

lt
er

n
a

ta
C

h
a

et
o

m
iu

m
m

u
ro

ru
m

P
en

ic
il

li
u

m
sp

p
./

5

R
h

iz
o

p
u

s
m

ic
ro

sp
o

ru
s

T
ri

ch
o

d
er

m
a

vi
ri

d
e

C
h

a
et

o
m

iu
m

sp
p

.

A
sp

er
g

il
lu

s
fl

a
vu

s

A
sp

er
g

il
lu

s
fu

m
ig

a
tu

s

A
sp

er
g

il
lu

s
n

ig
er

C
u

rv
u

la
ri

a
sp

p
.

A
lt

er
n

a
ri

a
sp

p
.

M
u

co
r

sp
p

.

P
en

ic
il

li
u

m
ci

tr
in

u
m

F
u

sa
ri

u
m

sp
p

.

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

A
lt

er
n

a
ri

a
a

lt
er

n
a

ta

C
h

a
et

o
m

iu
m

sp
p

.

P
en

ic
il

li
u

m
sp

p
./

3

A
sp

er
g

il
lu

s
fu

m
ig

a
tu

s

A
lt

er
n

a
ri

a
sp

p
.

S
to

ra
g

e
ar

ea
o

f
o

ld
/r

ar
e

b
o

o
k

st
ac

k
s

I
F

o
u

r
sw

ab
sa

m
p

le
s

o
n

th
e

b
o

o
k

p
ap

er
su

rf
ac

e
P

re
v

al
en

t
in

6
sa

m
p

le
s

S
ix

sa
m

p
le

s
o

f
p

ap
er

fr
ag

m
en

ts
fr

o
m

o
ld

b
o

o
k

s’

M
ai

n
fu

n
g

al
g

en
er

a
an

d
sp

ec
ie

s
id

en
ti

fi
ed

C
h

a
et

o
m

iu
m

sp
p

.

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

P
en

ic
il

li
u

m
sp

p
./

2
A

lt
er

n
a

ri
a

sp
p

.

Y
ea

st
s

M
u

co
r

sp
p

.

R
h

iz
o

p
u

s
sp

p
.

R
h

o
d

o
to

ru
la

sp
p

.

A
sp

er
g

il
lu

s
fl

a
vu

s

A
sp

er
g

il
lu

s
ve

rs
ic

o
lo

r

A
sp

er
g

il
lu

s
n

ig
er

F
u

sa
ri

u
m

sp
p

.

M
u

co
r

sp
p

.

In
se

ct
s

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

P
en

ic
il

li
u

m
sp

p
./

4
A

lt
er

n
a

ri
a

sp
p

.

Y
ea

st
s

M
u

co
r

sp
p

.

R
h

iz
o

p
u

s
sp

p
.

R
h

o
d

o
to

ru
la

sp
p

.

A
lt

er
n

a
ri

a
sp

p
.

M
u

co
r

sp
p

.

F
u

sa
ri

u
m

sp
p

.

A
sp

er
g

il
lu

s
ve

rs
ic

o
lo

r

T
ri

ch
o

d
er

m
a

vi
ri

d
e

P
se

u
d

a
ll

es
ch

er
ia

b
o

yd
ii

A
b

si
d

ia
co

ry
m

b
if

er
a

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

P
en

ic
il

li
u

m
sp

p
.

Y
ea

st
s

162 Aerobiologia (2009) 25:159–166

123



T
a

b
le

1
co

n
ti

n
u

ed

L
ec

tu
re

ro
o

m
P

re
v

al
en

t
in

6
sa

m
p

le
s

P
re

v
al

en
t

in
4

sa
m

p
le

s
P

re
v

al
en

t
in

6
sa

m
p

le
s

F
o

u
r

sa
m

p
le

s
o

f
w

o
o

d
fr

ag
m

en
ts

fr
o

m
th

e
ex

is
ti

n
g

fu
rn

it
u

re

M
ai

n
fu

n
g

al
g

en
er

a
an

d
sp

ec
ie

s

id
en

ti
fi

ed
fo

ll
o

w
u

p

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

P
en

ic
il

li
u

m
sp

p
./

4
A

sp
er

g
il

lu
s

fl
a

vu
s

Y
ea

st
s

C
la

d
o

sp
o

ri
u

m
sp

p
.

A
lt

er
n

a
ri

a
sp

p
.

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

P
en

ic
il

li
u

m
sp

p
.

A
sp

er
g

il
lu

s
fl

a
vu

s

Y
ea

st
s

C
la

d
o

sp
o

ri
u

m
sp

p
.

A
lt

er
n

a
ri

a
sp

p
.

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

P
en

ic
il

li
u

m
sp

p
./

2
A

sp
er

g
il

lu
s

fl
a

vu
s

C
la

d
o

sp
o

ri
u

m
sp

p
.

P
en

ic
il

li
u

m
sp

p
.

A
sp

er
g

il
lu

s
ve

rs
ic

o
lo

r

F
u

sa
ri

u
m

sp
p

.

S
to

ra
g

e
ar

ea
o

f
o

ld
/r

ar
e

b
o

o
k

st
ac

k
s

II

P
re

v
al

en
t

in
6

sw
ab

sa
m

p
le

s
o

n
th

e
b

o
o

k
p

ap
er

su
rf

ac
e

P
re

v
al

en
t

in
6

sa
m

p
le

s
F

o
u

r
sa

m
p

le
s

o
f

w
o

o
d

fr
ag

m
en

ts
fr

o
m

th
e

ex
is

ti
n

g

fu
rn

it
u

re
an

d
2

sa
m

p
le

s
o

f

o
ld

b
o

o
k

s’
fr

ag
m

en
ts

M
ai

n
fu

n
g

al
g

en
er

a

an
d

sp
ec

ie
s

id
en

ti
fi

ed

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

C
la

d
o

sp
o

ri
u

m
cl

a
d

o
sp

o
ro

id
es

F
u

sa
ri

u
m

sp
p

.

P
en

ic
il

li
u

m
sp

p
./

2
A

sp
er

g
il

lu
s

fl
a

vu
s

R
h

o
d

o
to

ru
la

sp
p

.

F
u

sa
ri

u
m

sp
p

.

R
h

o
d

o
to

ru
la

sp
p

.

C
a

n
d

id
a

sp
p

.

P
en

ic
il

li
u

m
sp

p
./

3
C

la
d

o
sp

o
ri

u
m

h
er

b
a

ru
m

S
ta

ch
yb

o
tr

ys
ch

a
rt

a
ru

m

P
en

ic
il

li
u

m
sp

p
./

2
F

u
sa

ri
u

m
sp

p
.

R
h

iz
o

m
u

co
r

sp
p

.

C
la

d
o

sp
o

ri
u

m
.

cl
a

d
o

sp
o

ro
id

es

A
lt

er
n

a
ri

a
sp

p
.

E
d

it
o

ri
al

o
ffi

ce
,

3
p

er
so

n
al

co
m

p
u

te
rs

P
re

v
al

en
t

in
6

sa
m

p
le

s
P

re
v

al
en

t
in

6
sa

m
p

le
s

M
ai

n
fu

n
g

al
g

en
er

a
an

d
sp

ec
ie

s
id

en
ti

fi
ed

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

A
lt

er
n

a
ri

a
a

lt
er

n
a

ta

P
en

ic
il

li
u

m
sp

p
./

3
R

h
iz

o
p

u
s

st
o

lo
n

if
er

T
ri

ch
o

d
er

m
a

vi
ri

d
e

C
h

a
et

o
m

iu
m

sp
p

.

A
sp

er
g

il
lu

s
fl

a
vu

s

A
sp

er
g

il
lu

s
fu

m
ig

a
tu

s

A
sp

er
g

il
lu

s
n

ig
er

A
lt

er
n

a
ri

a
sp

p
.

M
u

co
r

sp
p

.

P
en

ic
il

li
u

m
co

m
m

u
n

e

F
u

sa
ri

u
m

sp
p

.

A
b

si
d

ia
co

ry
m

b
if

er
a

Y
ea

st
s

S
ta

ch
yb

o
tr

ys
ch

a
rt

a
ru

m

C
la

d
o

sp
o

ri
u

m
h

er
b

a
ru

m

P
en

ic
il

li
u

m
sp

p
.

A
sp

er
g

il
lu

s
ca

n
d

id
u

s

P
se

u
d

a
ll

es
ch

er
ia

b
o

yd
ii

Aerobiologia (2009) 25:159–166 163

123



Table 2 Fungal deposition rates and dominant fungus taxons identified for all indoor spaces examined

Location in the library of the

Technical University

‘‘Gheorghe Asachi’’ IASI

Number of Petri plates

exposed 15 min for

each space analyzed

CFU counted after

5–7 days of

incubation

CFU fungal

deposition

rates/m2

Dominant

fungus

identified

Lecture room, office room and

near the keyboard

2 10 524 Aspergillus

2 12 629 Cladosporium

2 8 419 Cladosporium

Storage area of old/rare book

stacks I

2 32 1,677 Penicillium

2 27 1,415 Aspergillus

2 25 1,310 Alternaria

Lecture hall, near the keyboard

of all computers in the

examined space

2 15 786 Cladosporium

4 17 891 Penicillium

2 9 471 Aspergillus

2 11 576 Aspergillus

Storage area of old/rare book

stacks II

2 22 1,153 Aspergillus

Penicillium

2 23 1,205 Aspergillus

Alternaria

2 31 1,625 Aspergillus

Editorial staff office, near the

keyboards of 3 personal

computers

2 17 891 Aspergillus

2 13 681 Cladosporium

2 24 1,258 Penicillium

CFU colony forming units

Main fungal genera identified

Penicillium
15%

Alternaria
11%

Cladosporium
14%

Fusarium
7%

Curvularia
1%

Rhizopus
4%Trichoderma

3%

Chaetomium
5%

Aspergillus
15%

Mucor
7%

Absidia
2%

Levuri
7%

Pseudallescheria
2%

Rhizomucor
1%

Stachybotrys
2%

Rhodotorula
4%

Fig. 2 Main fungal genera identified in all indoor spaces of the library
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4 Discussion

Turbulence of air in closed spaces plays an essential

role in the movement and sedimentation of viable

fungal structures. The PC fan cooler is a means to

move particles from the low levels (floor) to the air.

The study design and execution had some restrictions

that limited interpretation of quantitative aspects but

offer a good image about the fungal diversity in indoor

spaces. There are no previous studies on airborne fungi

in working and living indoor spaces in Romania and

this is a preliminary one. We intend to pursue study on

clinical and immunological affects on librarian’s

health. Everything may be exposed to molds, but

fungal density in air and time of exposure near the

personal computer—cooler-fan or near the key-

board—can be considered as a possible cause of

negative impact on human health. Over the last decade

we have witnessed a huge growth both in number and

density of PC’s in offices and homes. This can be a

possible explanation for the process of fungal-spore air

dispersion, transport, deposition, and resuspension that

may be a bridge between human exposure to fungi

through dermal contact, inhalation or ingestion and

number of hours spent daily using personal computers.

On the other hand, in a lending library, book paper and

wood furniture are sources for growth and dispersal of

fungal contaminants in indoor spaces.

Aspergillus and Penicillium spores are the most

widespread air allergens in the world. According to

qualitative and quantitative reports, the former is the

dominant species in tropical regions while the latter is

dominant all over the world (Şen and Asan 2001).

Anderssen et al. (2003) noted that Alternaria is known

to be allergic and is one of the most common fungi

worldwide, and they suggested that Alternaria aller-

gens can contribute to severe asthma. Myszkowska

et al. (2002) noted that 4–7% of the European

population show sensitivity to Alternaria and

Cladosporium spores. Alternaria and Cladosporium

were also the predominant genera in our study.

Therefore, it is necessary to reveal the concentration

percentages of these fungi in order to take some health

precautions for allergen sensitive people. Vesper et al.

(1999) demonstrated that isolation of S. chartarum,

even in a small percentage, in indoor air samples or on

different surfaces is a harmful toxin producer fungus

that has been previously associated with a number of

human and veterinary health problems. Without data

on what is acceptable in buildings, it is difficult to

identify unacceptable indoor levels of airborne micro-

organisms. Many fungi are cellulose degraders in the

natural environment, meaning that paper books or

wood furniture are perfect substrates for fungal

development in the lending library. It has been

experimentally proven that fungi can eat up iron and

other elements in the composition of ink, while the

effects of chemical degradation are even harder to

eliminate, especially due to its permanent character.

Species belonging to the genera Aspergillus and

Penicillium can also digest additives, adhesives (glue)

or textile fabrics used in book-binding.

Many of the isolated fungi should not have been

found in the indoor spaces of the buildings studied,

for example, S. chartarum and Trichoderma viride

(Szczepanowska and Lovett 1992). In order to

determine whether a certain indoor space meets all

the microbiological safety conditions necessary for an

activity to be carried out under proper conditions,

whatever the activity might be, it is imperative that

we make efforts to establish some limits to the indoor

fungal airborne concentrations.
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