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ABSTRACT

Background and Aim:Bio-deterioration of library materials is a worldigi problem.Bacteria and fungi in the atmospheréadries not
only damage valuable educational assets,but alseapisk tolibrary users. We aimed to identify aathpare library microorganisms froi
the Princess NouraUniversity (PNU)CentralLibraryatmther 4 PNU departmentallibraries and 4 othétiplibraries in Riyadh, Saudj
Arabia, in their ability to grow on different medligesistance to antibiotics and ability to breakdawellulose thus potentially damagi
library materialsM ethods: Sample collectionwas conducted between Januargamel 2015. Samples were obtained frompages ofhald
new books and shelves by sterile swabsand air s@gnpy exposing growth media to the air within theary for 10 minutes.lsolates
were identified and tested for antibiotic resiseusing VITEK® automated system. Cellulose media wsesl to grow bacteria and funpgi
to test fordegradatiorResults:In our study, we found the contamination rate brdries ranged between 30-199 CFU with a mean
contamination rate of 101 CFU.the most contaminbedry was located in Central Riyadh. The cenlitatary at PNUrecorded only 58
CFUs. The salient fungal isolate waspergillus niger (26% of samples). The most commonly isolated bictead<ocuriaroseaat 18%
The following fungi grew thickly oncellulose medideurosporacrassa, Alternari aalternateand Aspergillus niger. Bacterial isolates did
not grow significantly on cellulose medi€onclusions: the libraries of Riyadh and PNU were shown to belenately to heavily,
contaminated.
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INTRODUCTION

Indoor air quality of the library is affected byettpresence of microorganisms, which include baxteri
Fungi and viruses [8].The presence of multiple si$er prolonged periods of time make libraries emwvinents
that can easily acquire microorganisms.The usertheflibrary frequently release air droplets loadeith
microorganisms, while damp carpets, and furnittwéing, occasionally release bacteria and fungakes into
the air [6,7]. Furthermore, microorganisms in lifiea pose a specific risk to the materials ther¢hay are
likely to infect the library collections and initexthe process of biodegradation. Damage to paperirnarily
due to microfungispecies belonging to the genenaefgillus, and, to a lesser degree, to heterotoophcteria

[4].

Exposure to high concentrations of microbes and t@ores in the air frequently leads to allergmbsa
possibly to infections. [3,8]. Warm Temperaturegthhumidity, low air exchange rate and apoor vatitih
system enhance microorganism's growth and muléptia in the indoor atmosphere. Studieshave shiwat) t
there is an association between the microbial sthtbe indoor environment and respiratory heakh Thus
microbiological air quality is an important criten that must be taken into account to provide #lmneand safe
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environment for library users. In this study, wevédaaimed to look at the degree of microbiological
contamination of the materials and air within owmouniversity’s library and compare our findingstlwother
libraries. Ourstudy provides information on thereat concentration of microorganisms and desciiiaeserial
and fungal loads for different libraries in Riyadgudi Arabia. We have also looked at the degremtilbiotic
resistance of the bacterial isolates and obsehealility of some isolates to grow on cellulos#hnmedia thus
enabling them to degrade paper.Our study is reteirarthat it not only attempts to understand micabb
contamination in it's effects of library users talso their contribution to how rapidly library me#ds are
degraded in the presence of such species.

MATERIALSAND METHODS

Thepresent study was conducted in the period of tietween January to June 2015. The study incladed
total of 9 public libraries 5 of which were locatiedthe PNUcampus and the rest were located iemifft areas
of Riyadh. For this study we obtained sample frdv@a PNU Central Library, the PNU College of Art and
Design Library, the PNU College of Science Librahge PNU Libral Arts Faculty Library, the PNU Cdlle of
Computer Science and Information Library. The ideld libraries from around Riyadh included librariesn
the east, west, north and central Riyadh areasdditify microbial species colonizing libraries ngales were
obtained frompages of old and new books storedimvitie library by sterile swab method. Samples vadse
obtained from the book shelves themselves by timesaabbing method.An air sample was obtained by
exposing an agar media to the air fromdifferentce@dain thelibrary for 10 minutes. Bacterial isotateere
assessed for their antibiotic resistance. Cellulmedium was used to grow bacteria and fungi irerotd test
their ability to digest cellulose by measuring tiemsity of their growth.

Samples: Total 3 samples types were obtained:

The growth media used for sampling the air withbrdries were: nutrient agar, blood agar and potato
dextrose agar.

Swab Samples were obtained using swabs distillesticinle water; samples were obtained by swablkiag t
pages of books. The swabs were then streaked amgaslates in order to transfer the isolatesi¢ogrowth
media. Plates were placed in an incubator at 36tCséven days. Media specific for fungal growth ever
incubated at 28° C for 24-48 hour.Fungi samplesewall identified on the basis of Morphological
characteristics;bacterial isolates were identifigcthe use of Vitek ®. Bacterial isolates were assessed for
their antibiotic resistance via Vitek ®. This authated system uses a variety of identification ceadd
antibiotic susceptibily cards that contain wellsspibstrates and antibiotics used to identify egmties of
bacterium and fungi. A water insoluble cellulosedinen was used to grow bacterial and fungal isolatesder
to test their ability to digest cellulose by measgitheir density of growth.

According to WHO and other authorizes on indoorcaintamination, a maximum number of 500 colony-
forming units (CFU) of bacteria and 300 CFU of fahgpores in 1 fis consideredacceptable in an indoor
environment [10,11].

Results:

Microbial concentrations in CFUs isolated from #ie of different libraries in Riyadh is given in Gle 1
andFigure 1.The mean contamination degree of alllitraries was 101+ 56.5CFU. The maximum level of
bacterial growth was found to be199 CFU.

Our results show that the highest bacterial CFlht@olated from indoor air was recorded from adity
located in the center of Riyadh (199 CFU/m). Thiasviollowed by alibrary and a bookstore for usedksd(in
the East of Riyadh), which hada concentration &8 G&U. A Library in the west of Riyadh had micrdbia
concentration of 111 CFUfjthe same concentration was recorded from thePNle@oof Art and Design
Libraryl11l CFUs. The central library was reltivelgcomntaminated with a CFU count of 58 while thelPN
Liberal Arts Faculty library recorded the least @omination at 30 CFUs.

Table 2.Showsthe number ofbacterial and fungal ispesetected in surface on the surfaces of differen
samplesof books and shelves from thelibraries.Tlefing fungal isolates were recorded in our sample
Aspergillus niger (26%), Alternaria alternate (21%), Aspergillus flavusandoencillium spp (both at 11%). Five
percent of sample showed growth rbfzopus, Aspergillusterreus, Fusarium spp andlternaria spp. Twenty-
eight samples showed bacterial growth out of al wft 30 samples, 15 of which were gram positivd &8 of
which were gram negative. The following bacteriacdps were isolated: 5 isolates showed growKoairia
rosea, 4 isolateds grewdphingomonas paucimobilisand Rhizobiumradiobacter, 2 isolates greMicrococcus
luteus / lylae, Aerococcus Viridans, Pasteurella canis, , leuconostoc mesenteroides ssp . andcocci spp.. Other
bacterial species that were found includdtbiococcus otitis, Gardnerella Vaginitis, francisella tularensis
andkocuria varians.

Table 3. Shows the pattern of growth of fungi iffiedent libraries of the Riyadh. Aspergillus waetmost
frequent fungi detected from shelves of the useokHdibrary, from the library in the center of RiyadThe
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College of Arts library, and College of Sciencerdity in the PNU campus. The growth patternof Asjlierg
was moderate to heavy.

Cellulose media growth was assessed for all battarnid fungal isolates obtained. The following fahg
species showed heavy cellulose media growleurospora crassa, Alternariaalternate, Aspergillus
nigerandAlternaria spp

Growth was mild for the following fungal speciEasarium chlamydosporum, Aspergillus flavus,
Pencillium spp.

Bacterial species mostly did not grow on cellulosdia.Only Sphingomonas paucimobilis, Kocuria rosea,
Rhizobium radiobacterandcocci spp. Showed very mild growth on cellulose media.

Table 4. shows the antibiotic sensitivity of baigterorganisms. norfloxacine, ciprofloxacine, and
Doxycycline were effective against almost all thganisms while most of the organisms were resistant
Cefixime. The restof the antibiotics were effectiuesome extend with some of the organisms whherstwere
resistant,

The isolates containingrancisellatularensis and Rhizobium radiobacter were resistant to 6 out of the 13
antibiotics used in this study. These were isolfitech at least 4 isolates.

Discussion:

Comprehensive reports on microbiological contannimadf libraries as an occupational health hazardar
rather scarce. Microbiological quality assessmenindoor air is one of the most vital investigatoto
determine the microbial indoor air pollution. Evatiion of the concentrations of airborne bacterid amgi is
necessary both to estimate the health hazard amdetde standards for indoor air quality controdl dras
become a common practice throughout the world.

In the present study,the level of microbial contzettion in the air of libraries ranged from 30 t®1GFU
which was in some locations (especially off the Pddinpus) above the recommended count for publicespa
[1,9].In this study,many fungal species isolatedildobe potentially associated with allergic respan®f
different types.These fungal species also showai] iththe appropriate climate, ventilation and ity level,
fungi could easily grow on cellulose and digesttitis contributing to possible damage to libraryerials.

In the present study, the most frequent fungi teolancludedAspergillus sp., which is recognized as
opportunistic pathogen for humans and often aswmtiaith the clinical manifestations of allergy,initis,
asthma and conjunctivitis. The number of fungalrepoin an indoor environment has been correlated in
multiple studies with severe asthma and occupdtiastiima [2,3]Aspergillus spp. molds and growths play a
major role in exacerbatingmany allergic and regpisasymptoms and are thus considered potent altexg

Thelowest contamination level was documented in Bhnimcess NouraBint Abdul Rahman University
Library and highest in library in the center of Rifh. These differences can be explained in pattidyariation
of ventilation conditions, frequency of library usend dampness all of which are more common ibrary in
located in the busiest part of Riyadh comparedchéormore structured campus libraries where theanlig a
limited number users and is usually relatively &argnd well ventilated.

Antibiotic resistance studies showed that while nigslates were susceptible some were not, whidesa
serious concerns for healthcare providers whenrtitigeanfections caused by these organisms espgdiall
immunocompromised individuals. An obvious practeémprove to a more healthy quality of indoor iaithe
library would be to avoid overcrowding,humidityapdor ventilation.

The results of the present study showed that tisesieneed to improve the indoor air quality of mafsthe
libraries to provide a healthy breathing environirteriibrary users.

Conclusions:

The indoor air of all libraries was contaminated¢ading to accepted standards. However the microbia
contamination of Princess Noura Bint Abdul Rahmaent€al University Library was lessthan many other
libraries. Fungi were the dominant group of micrgamisms foundin library environments.

The most frequently isolated species are considasegotentially pathogenic candidates often astatia
with clinical manifestations. Thus, frequent sultegice of microbial contamination should be perfedrto
evaluate the extent of the problem and to impleimgbvementstrategies, in order to safeguard tladtthef
library workers and users. Further studies can kefopmed, exploring the implication of microbial
contamination on the health of workers and library.

Table 1: Total Bacterial And Fungal Concentration isoldtenLibraries In PNU and Rest of Riyadh (in CFU).

Location of Library CFU
Library in Central Riyadh 199
Library and Used Book Store (Eastern Riyadh) 165
Library in Western Riyadh 111
PNU College of Art and Design Library 111
Library in Northern Riyadh 107
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PNU College of Science Library 96
PNU Central Library 58
PNU College of Computer and Information Library 32
PNU Faculty of Liberal Arts Library 30
Mean 101
250
200
150
2
S
100
0 H B
LibraryinIn  Library For Library Inthe library Inthe Library college  Central College of Faculty of
the center of  Used Book west of north of of science Library Computer  Libral Arts
Riyadh Riyadh Riyadh library

LIBRARIES IN RIYADH

Fig. 1. Graphic representation of bacterial and fungalceotration from PNU libraries and other Riyadh
Libraries:

Table 2: Bacterial And Fungal Species Detected per Sample Eibraries

Growth rate in CFU on specific growth media
N TOTA
Location Sample type BA A PDA L
Indoor Library Air 0 3 0 3
Bookshelfl 12 0 0 12
Bookshelf 2 28 0 0 28
PNU College of Science Library Bookshelf3 0 0 0 0
Page Of New Book 34 0 0 34
Page Of Old Book 1 4 3 0 7
Page Of Old Book 2 12 0 0 12
New Book 2 1 2 5
Library and Used Book Store Old Book 12 9 6 27
(Eastern Riyadh) Indoor Library Air 1 8 5 14
Bookshelf 22 54 43 119
New Book 10 12 9 31
. . Old Book 7 5 1 13
Library In The West Of Riyadh Indoor Library Air oY) 9 3 36
Bookshelf 15 7 9 31
New Book 12 0 1 13
. . Old Book 7 1 2 10
Library In Central Riyadh Indoor Library Air 31 9 1 41
Bookshelf 96 19 20 135
New Book 13 1 2 16
. . Old Book 6 2 2 10
Library In The North Of Riyadh Indoor Library Air 9 17 7 53
Bookshelf 16 10 2 28
. . Old Book 22 2 1 25
PNU Faculty of Libral Arts Library Indoor Library Air ) > 3 5
PNU College of Art and Design Old Book 13 4 1 18
Library Old Book 13 4 1 18
Indoor Library Air 0 74 19 93
PNU College of Computer ang Old Book 11 4 3 18
Information Library Indoor Library Air 0 14 0 14
Old Book 4 1 4 9
PNU Central Library Indoor Library Air 0 2 0 2
Bookshelf 0 43 4 47

BA: Blood agar, NA.: Nutrient Agar, PDA: Potato Aga
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Table 3: Density of fungal growth on cellulose media

Growth density on cellulos¢

Fungal species Sampling site medium

Indoor library air (Library and Used Book
Store (Eastern Riyadh)

Neurospora crassa ) +++
Bookshelf Library and Used Book Sto

Aspergillus niger (Eastern Riyadh) ++
Fusarium chlamydosporum ++
Aspergillus flavus Bookshelf (Library In Central Riyadh) ++
Aspergillus niger Indoor Library Air (Library In Central ++
Alternaria alternata Riyadh) ++
Indoor Library Air (Library In Central
Riyadh)

Alternaria alternata +++
Alternaria spp. PNU Faculty of Libral Arts Library +++
Aspergillus niger +++
Aspe(g!llusmger PNU College of Science Library B
Pencillium spp.

Low Growth( + )Medium Growth (++) High GrowtH{+++)

Neurospora crassa ++

qa

Pencillium spp. ++

Table4: Sensitivity Report Of Organism Obtained From Liiea.
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Micrococcus luteus/ lylae
Acinetobacter|woffii
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Rhi zobium radiobacter
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Kocuriavarians
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Rhizobium radiobacter
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