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ABSTRACT

The indoor airspora in different locations and sites of the archive and library
of the GEBO building have been investigated as one year's collection using the agar .
plate method. All the screenad locations of the GEBO building were highly polluted
air, and could be considered a main contamination source.

Among the air-borne fungi isolates collected around the year were 50.4% of
Aspergiflus , 18.4 % of Altemara, 9.8 % of Rhizopus, 8.4 % of Fusarum, 5.5% of
Penicillium, 4.2% of Trichoderma, 3.1% of Mucor and 1.8 % of unidentified fungi as
could be arranged depending on {heir occurrence in the sampies.

Also, About 70 representative isolates developed on agar media were
isolaled from old manuscripts samples. The fungal genera could be arranged on the
basis of there frequent occurrence as follows: Penicilfium (41.7 %), Aspergillus (29.5
%), Alfemaria (11.8 %), Fusanum ( 9.8%) and Trichoderma (6.6 %) of the total fungal
count.

The obtained results show that only 12 out off 56 fungal isclate had a high
ahility to decompose CMC in Czapek's agar medium. Other 21 and 19 isolates gave
moderate and slight effect respectively, while 4 isolates showed no growth. The most
active fungal isolates (12 isclates) comprised three isolates of Aspergillus niger, 3
isolates of Fusarium oxysporum , 2 of Penicillium funiculosum and 4 cf Tnchoderma
viride .

Data also showed that isolate no.1, 2, 3 and 4 of Trichoderma viride and no. 2
and 3 of F.oxysporum showed higher celiufase activity {Cx) than other fungal isolates,
these isclates caused 74.81%, 91.26 %, 91.26%, 71.01%, 70.08 and 70.08 loss in
viscosity respectively.

Keywords: airspcra moulds, indoor air, old documents, contamination, cllufolytic
activity.

INTRODUCTION

Air is the most common medium for the dispersal of spora and
hyphal fragments of fungi (Hisao, 1996). Moulds are ubiquitous group of
saprophytes or parasite fungi which ecolegically highly distributed in nature.
Their spores have been found in soil, water, plant and other decayed organic
materials and they pervade the cutdoor and indoor air. The best known and
most prevalent health effect on indoor fungi is their ability to degrade various
cultural properties, including manuscripts, book and documents... ext.
Moreover, some fungi have the ability to induce allergic respiratory disease in
susceptible individuals. Other deleterious health effects of exposure to indoor
fungt result from nonatllergenic fungal metabolite mycotoxins.

Several studies on fungal airspora have been carried out in Taiwan as stated
by Han et al, 1981 and Chang et al., 1983. Han and Chang {1981) have
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investigated the Hualsin airspora by means of the gravity slide method,
recording 12 genera of fungi. Hsiao (1996) reported that among the fungi
isolated, the majority comprised species of Cladosporium (33.18%) ,
Aspergitius (11.06%), Yeast (7.14%), Penicillium {3.44%), Fusarium (1.74%)
and Alternaria (1.02%). Cvetnic and Pepeljnjak (2001) studied the airborne
mycoflora of indoor environment. The spores of the high incidence of
Peniciltium and Cladosporium had the ability to grow cn deteriorated leather,
paper and cotton or wool fabrics ( Zyska, et al., 1995 )

Paper is primarily composed of cellulose and other substances, i.e.,

lignin, hemicelluloses, pectin, waxes, tannins, proteins and minerals
(Roberts, 1996).
Many workers, later on, proved that many species of Deuteromycetes, i.e.,
Alternaria, Aspergillus, Cheatomium, Humcofa, Myrothecium, Penicillium,
Stachybotrys, Stemphylium, Trichoderma, and Ulociadium are frequently
isolated from books, documents and prints { Kowalik, 1980 and Galo, 1985).
Sahaba, (1988) reporied that the most active celiulose decomposes
associated with deteriorated manuscripts, documents and books of the
GEBO, of Egypt are fungal strains.

The .aim of this work is to screen and identify the indoor
aeromycoflora -during one year period and also to survey microorganisms
polluting valuable old manuscripts and their activity in degradation of
cellulose materials.

MATERIALS AND METHODS

Locations:

The study on the indoor aeromycofiora was conducted for one year
period in 2001. Seven places (3 locations in the archive and 4 'in the library)
of theGeneral Egyptian book Organization (GEBO) of Cairo, Egypt were
selected as indoor air sample sites.

Samoling:

Sampling of airspora was carried out using the culture plate technigue
based on gravity — setting method adopted by Madelin and linton (1972) .
Two kinds of isolation media were used: Czapek's Dox agar medium,
containing (g/L) : 20, sucrosz, 2 NaNQj; 0.5 Mg SO,. 7H0; 05, KCI, 0.01,
FeSO; and 20 agar. The second was: Potato dextrose agar medium {PDA} ,
containing(g/L):200peeledpotato; 10,dextrose and 20, agar. Rose bengalf
1/3000w/v) + Penicillin and Streptomycin antibictics were added as
bacteriostatic agents. The plates were exposed for 15 minutes to the air, then
sealed and send to laboratory for incubation and identification.

Also, five deteriorated old valuable mansucripts (El-Azony farnily)
obtained from the store of GEBO were selected . The surface of PDA and
CMC- Czapek's agar {sucrose was substituted with CMC, 10.0g ) media
poured into plates were wiped by sterilized cotton swabs. The Petri-dishes
were incubated at 28°C for 7 days and 15 days for celiulolytic fungi.
ldentification:

The identificaticn of mould isolates were carried out on the basis of
their macro and microscopically characteristic sperulation according to the
keys of Thom and Raper(1945), Gilman({1957), Barnett and Hunter ( 1972)
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and Nelson, ef al. (1983). The frequency occurrence of each genus was
expressed as the percentage of samples containing a given organism

inoculation and Cuttivation:

For the screening of the cellulolytic activities, cultures of the isolated
fungi grown on PDA (plus 5% avicel) siants for 7 days at 30°C were
transfe:ired to 250 ml flasks cac~ containing 50 ml steriized Mandels and
Weber {1969). it contained {g/L): 1.4 (NH,)2 SO 2.0 KH,PO,: 0.3 Urea, U 3
CaCly; 0.3 MgS0,. 7H,O, .005 Fey (S04),.0014 Zn80Q,; .0016 MnSQy; .002
CO Cliy, Avicel (1%); Protease peptone (1%) and Tween 80 (0.1%), with final
PH of 5.0. The flasks were incubated on a rotary shaker (180 rpm) at 28-
30°C for 3 days.For solid cultivation |, experimentz! cultures were made in
plates each containing culture medium and inoculated centrally with a disk(
5-mm in diameter) and ir~ubated at 28°C and the diameter growth were daily
measured (Sahaba, 1988).

Selection of cellutlose degrading microorganisms:

The isolates which gave high growth were chosen to measure their
celiulolytic activity by using CMC as substrate and measuring the foss in the
medium growth viscosity caused by fungi accorling to Matta and Dimond
{1963). :

The feilowing formula vias used in calculation of the percentage ioss
in viscosity.

Loss in viscosity % = To - Ti/ To - Tw x 100
Where:
To = time of flow in seconds for 10 mi of control riixture with boiled filtrate.
Ti = time of flow in s~conds for 10 mi of reaction mixture with active filtrate.
Tw = time of flow in seconds for 10 ml D.W.

RESULTS AND DISCUSSIONS

Many locations in the building of the GEBO at Cairo as well as
deteriorated manuscripts ano documents were chosen for microbiclogical
studies sample from the atmosphere of 3 sites of archive {(book store, oid
manuscripts and old documents) as well as 4 sites of library (manuscripts,
fine arts, penodical hall and reading hall, more aver from deteriorated rages
of old manuscripts and documents were subjected to microbiological
analvses
1-a Indoor fungal airspora of manuscripts stores and library halls,

In  pursuance of data represented in Table (1) concerning the
atmospheric fungal contamination curing 2001 of etther manuscripts stores
{archive and library halls )

The following conclusions can be drawn:

Without any exceptions all screened locations of the GEBQ building
were of a highly polluted air, which could be considered a main
contamination source. The various sites in each location showed various
totat fungal counts, during the seasons of the year.

The falling rale of microorganisms on each square meter per minute
ranged, generally from 157.1 to 1942.6 in the atmosphere of different sites of
archive and from 78.6 to 746.7 in the atmosphere of library. The archive sites
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"showed the lower total fungal count during winter months (Decemberé
Janvary and February reached 280.3, 157.1 and 245.7 colonies/ m
respectively). August (summer season) possessed the eminent falling rate,
while fluctuating value occurred in the other months of the year.

Data also showed that library sites recorded the lowest fungal count
during December (314.3 colonies/ m’ )while, during July the library sites has
the highest level one ( 8641.1 colonies/ m’ ) .The continuous fall of
microorganisms inside the library building and on the stored valuable
manuscripts along the year indicated that there are shortage in precautions
and in the maintenance, storage and handling of such national and
international valuable articles. Many reporis dealing with the seasonal
variations of fungal levels in indoor and outdoor air as those reparted by
Milier (1992 ), Pasanen et al. (1996) and Cvetnic and Pepeljnjak (2001 ).

1-b Fungi occurring seasonally through out the year period:

Table {2) comprises the dominant fungal genera that dropped from
air in either archive stores or library halls of the GEBO building along a year .
these genera are Alternaria , Aspergillus , Fusarium , Mucar, Rhizopus ,
Trichoderma , penicilfium and others of unidentified fungal isolates were
ranked as " unknown " . There frequent accurrence percent differs especially
from one month to another. The frequent occurrences were found to be
ranging from 4.2 % in either September or November to 56.9 % in February
for Alternaria , from 20.5 % in October to 75.3 % in November for Aspergillus
, from 1.4 % in January to 14.5 % in October for Fusarium. The values were
recorded nil in January till June and December to 14.5 % in Qctaber for
Mucor and from nil in January , February , Qctober , November and
December to 41.1 % in May for Rhizopus and from nil in both February and
November to 16.9 % in June for Trichoderma. Data also showed that the
frequent occurrence percent for Fenicilfium were fluctuated from nil in April
tii September to 25.8 % in January for and from nil in January , February ,
May , June , October and December to 5.8 % in august for other unidentified
fungl . in pursuarce of the distribution of fungi genera along a year it could
be observed that both Alternaria and Penicilfium proliferate in cold months
and others such as Rhizopus , Trichoderma and Aspergilius prefer a
maoderate warm maonths while, Fusarium , Mucor and others dominate in hiot
SEasons .

By mediating the average of fungal isolates dropped from air through
out a year the fungal genera could be arranged on the basis of their frequent
occurrence as follows:

Aspergiflus with 50.4 %, Alfernaria with 18.4 % , , Rhizopus with 9.8 % ,
Fusarium with 8.3 %, Penicifhum with 5.5 % , Trichoderma with4.2 %,
Mucor with 3.1 % and unidentified other fungi with 1.8 % .

2-survey of fungi associated with old manuscripts.

About 70 representative isolates developed on agar media were isolated
from old manuscripts samples (Table, 3). The fungal genera could be
arranged on the basis of there frequent occurrence as follows: Peniciffium
{41.7 %), Aspergillus (29.5 %), Alternaria (11.8 %), Fusarium ( 9.8%) and
Trichoderma (6.6 %) of the total fungal count
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Table {2): Frequent occurrence of different fugal genera tn the atmosphere of
the GEBO-Building along one year during 2001 calculated in
percentage.

g:;g:; Jan. Feb March April May June July Aug. Sept. Oct Nov. Dec. average
Afternania 1218569 116 13.4 16.2 53 9.7 142 4.2 370 42 270 i8.4
Aspergilius |48.5 27.7 49.1 71.2 31.0 526 639552 €55 205 753 54.8 50.4
Fusarium |14 108 87 36 73 66 83100 31 145 51 202 8.3

Mucor |00 00 00 €0 0.0 00 21 41 105 145 51 00 3.1
Rhizopus |00 00 252 58 411 186 12666 73 00 00 0.0 8.8
]ucrenna 27 00 18 21 44 169 10541 42 08 00 29 42

Penicilivm [25.8 46 0.9 00 08 00 00 00 00 127 8& 131 5.5
Unknowns |00 00 18 42 00 00 28 58 52 00 15 00 18
» G.E.B.0O. General Egyptian Book Qrganizatlon, Corniche EI-Nil, Boulac ,
Calro ARE.
. Enumerations were carried out using three replicas for each event.
»  Plates, with ¢ cm in diameter, charged with agar medium were exposed to air
for 5 min. , then incubated 7 days at 30°c.
s Counts weare calculated in percentage for a fungal genera falling on a square
metre per minute.

Table (3): Frequent occurrence of different genera of fungi isolated from
old manuscripts coliected from different  sources.

ample El-Azawy Family Book Total Frequency |

Names (1820-1822) %
Sample No. | 1 2 1 3 4 5
Whtarnaria - 4 2 1 - 7 118
Aspergilius 3 1 7 3 4 18 285
(Fusarium - 2 - 1 3 6 9.8
Penicilffum 7 8 10 - i 25 426 |
Trichderma - 1 1 2 - 4 6.6 }

Total 60 |

In general, the quantitative and qualitative differences in freguent
occurrence of fungal genera between a tested manuscripts to another,
ascertain that the environmental conditions play a great roll not only in
selection but aiso in composition of the population of dominated microfiora
{Tao, ot al., 1997).

Fourteen species which belong to five genera were identif.ed and

classified to:
Alternaria tenuis , Aspergillus candidus, A. flavus , A niger, A. paraziticus ,
A. ftamarii Fusarium graminearum . F. monififorme, F. oxysporum ;
Peniciflium chrysogynum P. decurnbens, P. funiculosum ;| Trichoderma
harzianum and T. viride as shownin Table {4). The same fungi were alsc
recorded by Mahmoud et al. (1980); Sahabha, (1988); Zyska, ef al. (1935) anc
Wang et al (1999).

3- Selection of cellulose degrading microorganisms :
a- Growth on CMC - Czapek's agar solid medium:

Table (4) represents data con the cellulolytic activily of various
representative  fungal isolates. The degree of decomposition of CMC differed
considerably between microorganisms. Data also show that only 12 out off
56 fungal isolates had a high ability to decompose CMC in Czapek's agar
medium. Other 21 and 19 isolates gave moderate and slight effect
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respectively, while 4 isolates showed no growth. The most active fungal
isolates (12 isolates) comprised three isolates of Aspergiilus niger , 3 isolates
of Fusarium oxysporum , 2 isolates of Peniciltium funiculosum and 4 isolates
of Trichoderma viride .

Fungal isolates which showed high ability to use CMC as carbon
source in the presence of inorganic nutrients were used. Table {4) shows that
isolate no.1, 2, 3 and 4 of Trichoderma viride and no. 2 and 3 of F.oxysporum
shewed higher cellulase activity (Cx) than other fungal isolates, these
isolates caused 74.81%, 91.26 %, 91.26%, 71.01%, 70.08 and 70.08 l0ss in
viscosity respectively. These results are in agreement with that recorded by
Tashpulator (1973), El-sayed (1980), Mahmoud, ef a/ (1980), Sahaba (1988},
and Caneva, et a/ (1991) they reported that the most active cellulolytic
organisms belonged to fungi.

The present study revealed that most active celiulolytic
microorganisms associated with deteriorated manuscripts, documents and
books are fungal strains. This may be due to the high acidity of paper
manufacture since 1850 as a result of the replacement of gelatin by alum-
resin as stated by Venter, (1966) and Cariton (1970) or due to the great
tolerance to enviropmental conditions, i.e. fungi can live with a lower water
content than other microorganisms (Caneva etal, 1991).Some species of
these fungi belong to the opportunistic fungi , which may be agents of
mycosis specially in patients with immune deficiency. Penicillium
Aspergilius and Fusariurmn spp . have other deleterious health effects , resuit
from none allergic funga! metabolites mycotoxins . The mycotaxins produced
to the substrate may be present in carcinogenic of immunosuppressive
properties {Cvetnic and pepelinjak, 2001).
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