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ABSTRACT

Health implications of indoor fungal contaminants have become an issue of incressing concern
nowadays, Thus, the knpwledge on the presence of mold within indoor is important to take remedial
measures and provide relief to the people involved in thoee environments. Hence, 2 stizdy wae condocted
te find out the spectra of mold present in the buildings of Singapore. Samples of indoor air {82
samples) and other Indoor materials lke, Carpet dusts (63 samples), wall surfaces (45 samples),
upholsteries (10 samples) and filters of Alr Handling Unite (18 samples) were studied for the presence
of mold. Altogether 56 species of fungl were recorded from all the sources within buildings. Among
thetn, Alr sample yielded maximum number of species (38 species) followed by Carpet dust {33 species)
and Upholeteries (31 epecies). The fallowing fungi, i.e. Aspergillus funsigaius, A. wiyer, Aurcobasidinm
pullulans, Cladosporiumn cladosporioides, Curtnlaria lunata, Paecilomyces variodii angd Pexicillinm
arglicum are recorded frorm ali the sources. Hence, it is recommended to give due importance to study

the impart of the above said *apids in inducing health hazards.
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INTRODUCTION
Health implications of indoor fungal contaminants
have become an issue of increaging concern nowa-
days. The molds found indoer, contribute to the dis-
eases, including both infectious and hypersensitiv-
ity diseases. In addition acute toxicosis is reporied
due to the exposure to Toxdn and Volatile Organic
Compounds produced by molds. They areimplicated
ag pne among the possible causes of Sick Buflding
Syndrome (SBS) and Building Related Illness (BRI).
The indoor residents reports, eye irritation, nose irri-
tation, theeat irritation, skin irritation, headache;
nausca, drowsiness, reduced mental capacity as their
aymptoms. Apart from this, they are frequently re-
porting respiratory allergy. This is quite evident by
the frequent absence of workforce.- Thus, the knowl-
edpe onthe presence of mold within indoor is impor-
tant. However, the presence of mold and their impact
on health of the people working in those environ-

ment depends upon other synergistic parameters like
air ventilation, local substrate availability, humid-
ity, moisture contentete.

The buildings of Singapore are characterized by their
high raised structure and huge encugh in size. The
ventilatinn aystem within the buildings is controlled
by common Air Handling Units (AHU) which circa-
lates air within the buildings. Ciher than AHU'sno
other aircirculation takes place and are completely
Blocked. Thus, the buildings are airtight in nature.
This piéde art interest in condufting a study to know
ahoutthe spectrum ofmolds present within the build-
ings of Singapove,

MATERIALS AND METHODS

Singapare

The sland is located at 1° 18" I, 103? 51' T and with
an altitude of 16 metres above sea level, The main
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island is 42 km long by 23 km wide, with a total area
of approximately 570 km?. Singapore has bropical

climate, with high temperatures moderated by the-

.influence of sea. Average daify temperature and hu-
midity are high, with a mean maximum of 31%C and
a relative humidity of 70 o BO percent in the after-
noon. The average annual rainfall is 237 centime-
e,

Sampling Procedure

The buildings investigated include a range of com-
mercial, institutional, governmental establishments,
schoolg, hoapitals, hotels etc., a total of 84 air samples.
55 carpet dusts, 45 sutface samples near A/¢ vents,
10 surface samples from upholsteries within build-
ings and 18 surface samples from the filters of Air
Handling Units were collected for the present study.

Adr Sampling

Air sample within the buildings were carried out
using an Andersen Microbial air sampler which is a
pertable sampler operated using a high volume
vacuum pump. The airflow was set at 28.3 hitres per
minute. The portable sampler was disinfected by
wiping with alcohol swabs and then loaded with
petridish containing Potato Dextrose Agar. The me-
dia was amended with Streptomycin to arrest the
bacterial prowth. The sampler was placed 2t a height
of 1 meter and was operated for 5 minutes duration
at each sampling. After sampling, the plates were
brought to the laboratory and incubated at 25 £ 2°C
in an incubator, The developing colonies were
counted, isolated and identified after 4 to 5 days of
incubation.

Sampling Carpet Dhest

The carpet dust samples from different buildings
were collected using 25 mm diameter three-piece poly-
carbonate filier cassettes (pore size of 0.8 microns).
The suction: was generated using a high volume air-
fow vacuam pump, The airflow of the pump was set
at 20 L per minute. Surface of 1 meter x 1 meter arca
of the carpet was vacuumed using the sampler. It
was ensured that the collected dust samples exceed
1 gm. Aftercollection the cassettcs were sealed and
brought to the laboratory. The sampled casselies wera
dismantled in lhe laboratory under sterile condition
and the dust samples were weighad, gram of dust
sample was extracted, in sterile distilled water con-
taining 100 ml and further dilutions were made seri-
ally to get the concentration of 1/1000 dilution. One

ml of diluted sample was plated it petridishes con-
taining Potato Dextrose Agar. The plates were main-
tained in Triplicates and are incubated at 25 £ 2° Cin
an incubator. The developing colonies were counted,
isolated and identified after 4 to 5 days of incuba-
ton.

Surface Samyples

The surfaces which are suspected to have a mold
growth are sampled using sweb culturette. The ar-
eas near A/ C vent in 45 buildings, and the airfilters
present in Air Handling Units of 18 different build-
ings were swabbed for the presence of molds, After
sampling, the sampled swab culturettes were brought
to the laberatory. The swab samples were plated in
petridishes containing Potato Dexirose Agar by
streaking the agar plate with swab surface, The plates
were incubated at 25 £ 2¢ C in an incubator. The
developing colonies werecounted, isolated and iden-
tified after 4 to 5 days of incubation,

Surface Sample from Upholstertes

Few upholsteries present within the buildings of
Singapore are investigated for the presence of molds.
Petridishes containing Potato Dextrose Agar plates
were Tubbed against the surface of upholsteries to
jsolate the molds. The sampled petridishes are sealed
using parafilm. The sampled petridishes were
brought to the laboratory. The plates were incubated
at 25+ 2° Cin anincubator. The developing colonies
were connted, isolated and identified after 4to b days
of incubation.

ata Presentation

The data reccived were analysed and presented as
average CPU/ m' of air and isolation frequency for
the air samples undertaken within the buildings. For
carpet dust samples, data on everage cfu/ gm of dust
and isclation frequency are calculated. However, for

© surface samples from other indoor materiais, the data

ig not quantity based and hence, their isolation fre-
quency alone is presented.

The colonies isolated were converted to Colony Form- -
ing Units (CFU)/ m® of air as follows:

Y'I + Yﬂ
X =
{C.1415}
Whereby, X = numberof CFU/m?
Y, = number of colomies on plate 1
Y, = number of colonics on plate2
01415 = amountof sampled air (im?)
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The other parameters are calculated as follows:
Total CFUI/ m® of aiv of a species
Average CFLimofair = ——— —
Total number of samplings (84)
. Total CFU/ gm of carpet dust of a species
Avg, CFUfgmrof carpet dust=— — — — —— X
Dilution factor (1{¥)
_ Total mumber of samplings (55)
Total CFU/ m?® of an individual species
Tetcentcontribution = ———__ - %100
Total number of CFU/ m? of all species
No. of samplings in which the species was recorded
Isplation Frequency = — — —— %100
Total number of samplings

RESULT

Mold Spectrum in Indoor Air

Ahogether, 38 species belonging lo 16 genera werc
recorded from the Indoor air of Buildings inSingapore,
Among the genera, the genus, Aspergilins was repre-
sented by maximum sumber {12) of species followed
by Peniciltium {11y and Trichoderma (2). The remain-
ing genera were reprosented by single spectes each,
Among the species, Cladosporitm cladosporicides was
dominant with 3¢ cfu/m? of air followed by Aspergil-
fus wiger {29.6 cfu/m®) and Aspergiltus funmigntus (248
cfu/m onanaverage. The fungus, Aspergilius flames
is the other significant contributor which recorded
more than 1) cfiu/m’ of air on an average Theisola-
tion of Nen-sporuiating colonies (15 cfu/m?* is also
high in number. The fangus Aspergifus niger was
recorded ind7 % of the samplings and it is followed
by Cladosporium cladosporioides (30.9 ®)eond Asperyl-
Ius flavus (29.7%). The following fungi, Le. Aspergil-
tus flavus, A, versicolor, Paecilomyces parioti, Penicil-
Yo cifrimitie and Perticilfizom exalicum were recorded
from muore than 10 % of the total samplings. The
yeast colonjes were recorded nearly from almost 25
% of the samplings. List of specics isolated, their
average cfu/m® of air and their isolation frequency
are given in Table 1. »

~ Mold Spectriem in Carpet Dust

Altogether, 33 species belonging to 18 genera were
recorded from the Carpet dust samples collected from
the Buildings in Singapore. Among the genera, the
genus, Aspergitlus was represented by maximum
number (12) of species followed by Pewirillium ),

Curvularia and Trichoderma (2 each). The remain ing

genera were represented by single specics each,
Am ong the species, Aspergilins niger was dominant
with 995.2 x 102 CFU/ gm of carpet dust followed by
Paecilomyces variotit (795.2 x 10° cfu/ gm), Penicillium
Srequentans (350 x 10° cfu/ gm), Aspergittus funtigatus
{2436 x 10° cfu /gm) and Curvularia funata (175.4 x
10 cfu/gm} on an average. The following species,
Nigrospora sphagrica, Aspergiltus flavus and  Tricko-
dertaa harziani avc the other significant conlributoer
which recorded more thain 50 x 10° cfu/gm of dust
onan average. The isolation of Non-sporulating colo-
nies (323 x 10* cfu/gm) iz also high number in the
carpet dust. The fungus Aspergilhus niger was recorded
from maximum number of samplings (92 %) followed
by Curvidavia bunata (50.8 %), Paecilomtyces variotii (47 6
%) and Aspergilius fumigatus (42.8 %). Listof spacids
isolatod, Lheir average cfu/ gm of carpet dust and théir
1zolation frequency are given in Table 2,

Muold Spectrum of Indoor Surfaces

Altogether, 24 species belonging to 11 genera were
recorded from the surfaces of indoor in Buildings of
Sngapore. Among the gencra, the yrenus, Aspergitius
was represented by maximum nimber (8) of species
followed by Penicilinon (4), Trichedervita {3) and
Curvnidaria(2). The remaining genera were represented
by single species each. The species, Asperetlius Higer
was recorded from 44 % of the total 45 samplings.
The following fungi, Peniciliiuns restrictum (28 %), As-
pergillus furnigatus and Paseitomyces variotiy (8,.9%)
were recorded from more number of samplings when
compared with other species. The species recorded
trom the surface sample within indoar of Buildings
in Singapore and their isolation frequency is given
in Table 3.

Mold Spectrum of Filters of Air Handling Units

Allogether, 14 species belonging to 11 genera were
recorded from the filker surfaces of indoor in Build-
ings of Singapore. Among the genera, the genus, As-
pergillus was represented by maxirmum number (4) of
species, and the remaining genera were represented
by singie spacies each. The specics, Aspergillus niger
was recorded from 33 % of the total 18 samplings.
The tellowing fungi, Curvularia bunata (22 %), Aspergil-
tus fumigatus (16.6 %} and Trichoderma harzigmum (11
%) were recorded from more number of samplings
when compared with other species. The species re-.
corded from the surface sample of Air Handling Units
in the Buildings of Singapore and their isolation fre-
quency is given in Table 4,
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Table 1. Listof fungi isolated from Indoor Air in Build-

Table 2. List of fungi fsolated from Carpet dust in Build-

Altogether, 31 species belonging to 18 genera were
recotded from the surface of upholsteries in Build-
ings of Singapore. Among the genera, the genus, As-
pergillus was represented by maximum number (9) of
spacies, followed by Penicillium (4), Drechslera and
Pusarium {2 each). The remaining genera were repre-
sented by single species each. The species, Cladospo-
riumt cladosporioides and  Aspergillus niger were re-
corded from 80 % and 70 % of the samplings respec-
tively. The species recorded from the surface of up-
holsteries frowm the Buildings of Singapore and their
isalation frequency is given in Table 5.

ings of Singapore ings of Singapore
S. Sperics Total Lsclation S Species Tatal Percent
Mo, average  Fregquency e, : average Frequ ency
cfu/m? © ooy cfuf(x 1% {n=63)
ofair (o783 1. Absidia corymbifera 4.76 6.3
1. Acremosinm @ rictiun 1.43 5.495 2. Acremonini striciute 0.7¢ 1.58
2. Aspergiltng flouus 10.67 19.04 3. Acpergiltus favus 52.78 2R.57
3. A fumigabus .79 2975 §. A fumigalus 243 65 4265
4. A glawous 4.79 5.85 5. A japoficts #0.95 31.74
5. A japouicus . 067 - Fla 6. A widulms 6.35 6.34
6. A nidulens p.or 5.95 7. A niger 993,24 92.06
7. A miger - 29.66 - 47.61 C 8. Al ooitceus 3T .. 316
B, A, achrrcens . D08 1.192 S A reshicius . 0.749 1.58
8. A restricfus 0.33 4.71 10, A taman 8.73 B.34
10, A bamard 1.00 115 11, A. ferrens 317 1.5%
11. A ferreus 0.06 1.19 12, A, usins 2063 9,52
12. A waslws . 2.43 5.95 13, A, versicolar 153.49 783
13, A wosicofor 2.60 13.00 14, Awreobasidiim pelfulans 30.95 3.16
14, Auresbasidfenr pullulon: 2.25 3.57 -15. Chaelominm glotesum 2142 7.93
15, Chrysosporivst panorime 1.34 5.93 16. Chrysnsparium paHROFEN 1E.25 7.9
16, Cladosporium cladasporiofdes 38.9% 30.95 17. Cladosporinm cadosporioides 3.55 £.34
17, .. Curoularia Menats .50 4.7 18. Curvplariz lunats 175,39 50.79
18, Fusarium oxysporsa . D.67 5395 19, C palescens ’ 9.52 316
19. Gendrichiume cerrtcifcdam 0.08 1.19 20. Fusariuse orysporims 3.17 418
20, Glincladinem roseean . a.08 1.19 21. Lasiodiplodia Huebromas - 317 116
"21. Monihin sitophila 0.16 258 22, Monslia siephila 131 7.9
22, Papciloniyces pariobi 3.56 13.00 23, Mucor raceniosns 3.96 4.76
25. Penicifliun: chrysogerum 025 2.3 24 Migrospore sphaerica S56.34 ihAY
24, P cievisnn : 462 1R G 25; Precilomiiices TRt 705.23 47.61
25, P, fellutanum 0.75 119 26, Penicillfwin citrinum 40.47 1428
36, P fremeentans 2.26 8,33 27 P, frequenians 350.0 25,34
27, P fumicelosum 1.00 452 26. P funiculosune . 6.34 316
28, P, wlandicim .42 3,57 20. P oxghcum 41_26 14.28
29. P, oxeficum 4.11 13.00 30, Rhizopus stolouifer 15.07 12.69
30, I purpureses (.16 2.33 31, Symcephalasirin FACEmOT 18,25 12,69
1. P, purpuragentn 0,25 3.57 22, Trichnderma harziopum - 52.38 23.80
32 P. restricium 0.0 1.1% 3%, T. wiride B.73 7.03
33. P, rugtifosem 1.08 1.19 Yeayst colonies 14.28 4.74
34.. Khizopws stolomifer 0.9 3.57 Non-sporulating colonies 323.40 71.42
45, Swolecobasidiven Funticola 0.16 1,1%
36, Syncephalastrume TRGEmIOSLIH 0.08 1.19 MSCUSSION
A%, Trictederma Harzianun .41 3.57
3’1&;63;:“?% g‘lgg ;;:0 For the past 2 decades interest on indoor air quality
" Non-sporslating colonies 1504 4761 of h;.lﬂdJIlgEds are t;‘ncreas;lg, I'l'us.f ‘SIISICEI;‘; 111:; dtlf:leg 1;;1;—
- . est focused on the problem of “5i nildi -
Mold Spectrum of Uphelsteries drome’ and “Building Related Iliness’. It is evident

that indoer air quality has a profound effect on both
the performance and heaith of building occupants,
since people spend most of their lives within build-
ings. However studies on the mold spectrum within
Buildings are very few and the same in South East
Asta are scanty. The study available on airborne
molds in Singapora is conducted by Lim et.al. (1958}
which was confined with outdoor mycoflora of
Singapere, Udaya Prakash (2002 and 2003) con-
ducted the study on indoor mycoflora of high rige
building and offive environmenis in Singapote.
Whereas, this present paper deals with the mold spec-
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Table 3. Ligk of fenpi isolated from Surface samples of

Table &, List of fangi isolated from Sutface samples of

0% NG 5 e

frum found within the buildings which cnmprises.a :

cluster of commercial, instiutional, governmental
establishments, schoels, hospitals, hotels ekc,,

The study reveals that the indoor environment of
Buildings in Singapore is vich inits mycoflora. Alto-
gether 56 species belonging to 28 genera wene re-
corded from different sources within Buildings of

Buildings in Singapore L pholsler:es in Hutldmgs of Singapore
5Na, Speries Mo of Docurrenre 5. Species Mo, of Oocnrrence
(=45} Mo (=10
L Acremonium sivicluri 2,23 1. Absidfe corpmbifers 10
2. Aspergillus chepalieri 2.22 2. Alfermaria aliereaty - -
3. A clevatus 2.22 3. Asperpillys, clopales 10
A A flaous 8.88 i A frvas 20
5 A fumigais 4.44 5. A frigais 140
&, A, faponicus ' 2.22 G, A japoatcus '  ll
7. A niger 44.4 7. A, midufans 1¢
B, A famarif 222 & A miger .70
9. A uskus : 222 9. A achraowus L. 30
10, Aureolasidium putiulens 222 10, A reeinchis | : 10
11, Chastomitie globosum a1 11, A =rrens 1w
12, Clodespprium cladosperiofdes 202 12, Aurecbesidivar pullulons T
13, Curouleria [ynaie 222 13, Chrysospuminm pannarmm 10
14.  C. pyleseens ) .22 14, Cladospariuin cladesporioldes B0
15, Ceatrichum cardidun: 222 3. Curuatoria fenata 40
16, Monilia sitophita 232 16.  Deechslora austrafieinsis 11
7. Paecilomyies tarioki E.BE 17, D. rosiraium L]
18, Pewcerilivge cilriman 4.44 18, Fuesarium pxysporunr 14
19. P frequentans 4.44 . 19, Fusariusr sp. ' 10
20, P ooxalfeum 4,44 20, Migrospora sphderiid 2n.
21. P restrichun 2B.88 2. Pgecilomyies weriofi ' 10
22, Trichoderma harzianum 232 22 Penicitfinm citrinum an
23. T pifuiliferuam 232 23. P frequemians . 10
2, T oiride 1.44 24, P oxalivim ) ) id
- Yeast colanies 222 25 P restrictum ) o 10
Nen-sporalating colonios 13.33 26, Daslalaliopsiz sp. v
27, Phoma sp. 1d
. .- - 28 Pleospors sp. . 10
Table 4, Ltﬁtnf fimg;usulated from ﬂ-fe filtare of Afr Han- 2. Syn ijﬂmsimm- R 20
dling Units in Butldings of Singapore 0. Torwls herbarum 10
g, Species P — 31 $nfh:.rfuma r.ln.-wfe }g
Ma, ence {(n=18} sas . . .
MNon-sporulating colonies 50
Aspergillug furmignts 16.66 5
;’;mf:m fi 5 55 Singapore, Among different sources stindied, Air.
: niger ) 3333 sample within buﬂdmgs of Singapare yielded maxi-
. nslus 3.55 -
Aureobasidium pullulans e ma.:rg m.::mbaer of species (3931;'1(1:31:2 Fnilm;f;rd by Car
Cladosporivm cledosporivides 5.55 pet dust {33 species) and upholsteries {31 spéciés).
Cytimdroctediune sp. 5.55 Amang them the genus, Aspergtﬂus wasTepresented
Curbulariz lunata 2223 by maxdmum number of species (14} followed by Peri-
Fusariuan oxysporua . 855 “entlinin {11), Trichoderng 3} and Curtmdaria, Drechslers
10.  Nigrospors sphrerica 555 d E . 5 Wy A othe . .
11.  Pascilomyces variokii 555 and Fusartum (2 each). All other genera ate repre-
12, Penicilfinne oxalicum - 5,55 sented by single species. Isolation of fungi in large
1} Secfecobasidiver humicole 5.55 - numbery and diversity among their species proves
4. Trichederma harzimum 1111 - that{he mdeor environment of [ Buildings in Singaporc -
Yeast colontes r2.22 is not free of moldls. -
Motksporulaks i . : ’
porlating colonies 3333 The following genera Asperglﬂus Cfadas'pmum and

Penicillitm are recorded in laIge mumber in the in-
door air in the Buildings of Sirgapore. Predomiriance
of thesc genera withint oifice buildings in Brazil was

' reported by Leila et o, {1998), Tan ef af (1992} re-

corded Curvnlara lunate and Nigrospord sphuerica as
a predominant mold from: the: citddor atmosphete of -
Singapore. However, they are absent within air of
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indoor in Buildings of Singapore, which may be due
to non availability of air kransactions between indoor
and outdoor. The buildings in Singapore are found
to be airtight  Air circulations in the buildings are
controlled by centralized Air Handling Units in
Singapore. However, their absence in the air of in-
door may also be due to their size and absence of
local atmospheric disturbances within buildings.
The carpet dust samples from the Buildings of
Singapore yielded a total of 3438 x HF cfu/ gin, 5eott
and Hodgson (1998) recorded 303 x 107 cfu/ gm from
the carpet dusts collected from control buildings in
USA. Among 33 species recorded the following spe-
cies, Aspergillus niger, Paecilomyces variotii, A.
fumigatis and Cureudaria lunate are predominant.
Kemyp et al., {2002) recovded Penicillivan spp., Aspergidl-
lus niger and Zygomycetes as dominant fungi from
carpet dusts.

Islation of large number of specics from upholster-
ies proves that they too serve as a good source for the
growth of mold within Buildings. Tt is suspected that
mold spores from ontdoor arc found to adhere to the
external cover-ups of the necupants of Buildings and
they may get deposited on uphoisteries and on car-
pets which in urn provide favourable niche for their
growth, Kemp et al,, (2002) reported that furnishings
and mattresses without moisture damage can pro-
vide a habitat with enough moisture lo support fun-
gal growth despite the lack of an obvicus maisture
Source,

Isclation of 24 species near A/ ¢ vent and 14 species
from the filters of Air Handling Unils {AHU) proves
that the mold spores within the building are spreac
through air circulation. Menetrez and Foarde {2004)
explain the role of HIVAC gystem in the spread of
toxic mold spores. Nearly 70 % of the species re-
corded from the Air Hand)ing Units are isolated near
Afcvents and in Indoor Air too which proves that
they are disseminated through Asr Handling systems.
The moisture present in the filters of AHU and near
AJc vent favours the growth of mold spores. The
organic stub dropped due to eating and drinking
habits of the workforee or occupants within build-
ings provide an organic source for their growth in
carpets and upholsterics,

The health hazard pased by these fungi to the eceu-
pants is catcgorized as allorgenicity, boxigenicity and
pathogenicity. Isolation of Paecilomyces vartolti Le. a
keratinophilic fungi in large number raise the doubt
that this may acl as an agent of skin irritant. Nearly
19 % of childrens are reported to be allergic to malds
(Kidon et.al, 2004). Chew ei.al {2000) reported 26-32

% atopic reaction to Curwufaria spp. and 31 % to
Drechsiera like species in Singapore. The toxigenicity
of these fungi was not yet studied and il is stressed to
conduct study on this aspect. C

The following fung, i.e. Aspergitlus furmigatus, A. niger,
Aurenbasidinm pullutans, Cladosporiwn cladosporioides,
Covenednria lumake, Paccilomyces weriotii and Pewicillinm
axalicunt are recorded from all the sources within the
buildings of Singapore and it is expected that the
occupants or workforce involved in those buildings
arc prone to come in contact with above said melds.
Hence, it is recommended to give due importance o
study the impact of Lhe above said species in mnduc-
ing hecalth hazards. ' '
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