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ABSTRACT
Paints contain many substances to improve their quality to protect the surfaces from
environmental hazards. Mostly contamination of wall surfaces of the building by fungi.
The fungi definitely grow when in high temperature and high relative humidity
conditions and influence the capability of the building materials. The objectives this
study to evaluate the efficiency of biocide based on bio-coating resistance test on
painted plasterboards. The samples of fungal were collected by using an air sampler
according to the National Institute of Occupational Safety and Health (NIOSH) by
NIOSH Manual Analytical Method (NMAM 0800). Plasterboards were used as the
substrate for two types of paints which are acrylic paint and glycerol-based paint was
applied onto surface covering, then inoculated with 106 spores/mL of fungal
suspension. Potassium sorbate was used as biocide treatment for the fungal growth. The
Standard Test Method for fungi (ASTM D5590-00) used as a method to evaluate fungal
growth and determine the biocidal activity of paints on plasterboard walls. The
potassium sorbate was proved had the strongest effect on the growth of glycerol-based
paint. Obviously, biocide used in paint is effective on most common fungi (mainly
spores) in the air.
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INTRODUCTION
Nowadays the paints almost used to color and protect various surface from infection by fungi and termite as
well as for decoration purposes. The application of paint on the construction materials does influence the several
of a kind of fungal growth at the surfaces. Thus, among all the materials currently used in construction, in high
relative humidity and temperature condition, it can be sensitive to the development especially for plasterboards.
The most frequently detected fungal in plasterboard according to previous researcher are Aspergillus Niger,
Stachybotrys, Cladosporium [1,2]. In addition, others fungal species found in contaminated dry paint film such
as Aureobasidium, Alternaria, Penicllium. In addition, the fungal growth depending on climate, the substrate
and the condition of the paint itself. Fungal organisms reproduce by producing spores, and these can be a
significant health hazard to persons with respiratory allergies[3]. Previously, fungal growth will give some
affect to the human health problems like itching, infection, allergies and toxic effects [4][5]. Most studies were
carried in temperate region such as Japan‟s climate, with various months of high temperatures and relative
humidity is fine suitable to the growth of several kinds of fungi[6] . Similarly, Shelton et al.,[7] found the fungal
occurrence the indoor environment was during fall and summer seasons in United States. In addition, according
to Frankel et al.,[8] high relative humidity and temperature are among the factors contributed to the higher
occurrence of indoor fungi. Malaysia‟s weather is hot and humid with day and night temperature averaging 320C
and 25 0C respectively is expected to have high microbial exposure [9,10]. In recent years, several studies have
focused on antimicrobial coatings that can create healthy environment to prevent and protect the biodeterioration of the substrates in buildings[11,12].This paper attempts to provide a more detailed investigation
regarding the effects biocides in bio-coating resistance test against fungi by using paint and plasterboard
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substrates[12].
MATERIALS AND METHODS
Building materials:
The support is test such as plasterboards, were cut into samples of size 50mmx50mm. Two types of paint
then used to cover samples with one layer of paint: acrylic paint and glycerol-based paint . The samples are
carried out in triplicate at the same period.
Sampling location and technique:
The methods available for collecting fungal for this research are used biostage single-stage impactor viable
cascade impactor attached to a SKC Quick Take 30 are. The malt extract agar (MEA) are using as the culture
medium. In the air, impactors are used to collect the particles. Impactor is easier to handle and low cost to
operate. Its consist multi-stage cascade, smaller holes at each stage and allowing particles to be separated
according to size. The procedure for collecting fungal was followed the NIOSH Manual Analytical Method
NAM 0800 [13].
Microorganisms:
Fungal cultures from the sampling were used in the coating bio-resistance tests, together with fungi isolated
from several environments by culture on malt extract agar (MEA) media from contaminated indoor coatings.
Species were cultivated in solid culture medium MEA (Merck KgaA) and distilled water for 25-30 days at 250C
to favor fungal growth. Liquid media were used to prepare the fungal spore suspension. The complete liquid
media contains NaCl 0.85%(w/v) and Tween 20 0.005%(w/v). Spores were transferred from the cultures and
deposited in a flask with a solution. By using „neubeuer chamber‟, the concentration was adjusted to 0.30.5x106spores/mL.
Coatings bio-resistance test:
In these study the substrate have been used such as plasterboard with two types of paint surface coverings,
inoculated with spore of fungal. The plasterboards with paint were exposed to relative humidity to encourage
fungal growth in incubator. The paints were applied on 50mmx50mm plasterboards previously cleaned with
70% alcohol and left to dry at 250C. Two coats of paints (acrylic paint and glycerol-based paint) were applied
and left to dry for 24 to 48 hours before inoculation with the fungal spores. The painted plasterboards were
irradiated with UV-lamp for 40 minutes, to avoid any contamination. Then the plasterboards were placed in a
petri dish with MEA-agar. This medium was choosen for their poor growing conditions, to force the fungi to
grow on the painted panel, as the carbon source. Four plasterboards were placed on each plate, one coated with
the control paint and the other three with the paints containing the biocides. Fungi inoculums were prepared by
growing each isolate in MEA for 25-30 days in the same condition than the other bioassay. A 50µl of the spore
suspension was placed on the painted plasterboards, inoculated by a homogenous all over the surfaces,
incubated at 250C and observed with regular observation 3, 6, 9, 12 and 15 days. According ASTMD5590-00
standard specification[14], the rate of fungal growth on paint films was assessed. Thus, observed growth on
specimens equivalent to : none,trace growth (<10%), light growth (10-30%), moderate growth (30-60%), heavy
growth (60-100%) has been rating as 0,1,2,3 and 4.
RESULTS AND DISCUSSION
Physical parameter:
During the sampling are being conducted, the fungal infestation on the wall and furnishing easily seen the
visible microbial growth through visual inspection. Furthermore, in this room the odourless contaminations also
present. Table 1 indicated the indoor air quality parameter measuring. All of this parameter significantly for this
condition with high moisture content in the sampling site and may cause the microbial growth. From Table 1
show the high relative humidity is 90% was recorded at the site location, upper the recommended by DOSH
(2010)[15] range from 40%-70 %.
Table 1: Measurement of the specific physical parameters according Industry Code of Practice on Indoor Air Quality 2010 (DOSH)
Parameter
Units
At Site location
Acceptable Range Indoor Air Quality Guidelines /Limits
(DOSH)
INDOORS
Relative humidity
%
90
40-70%
o
Air temperature
C
25
23-26oC
Carbon dioxide
ppm
C743
C1000ppm
Air movement
m/s
0
0.15-0.50 m/s
OUTDOORS
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Relative humidity
Air temperature
Carbon dioxide
Air movement
*Notes: n/a: not applicable

%
C
ppm
m/s
o

78.2
28.9
C409
0.1

*n/a
*n/a
*n/a
*n/a

The coatings bio-resistant test:
The summaries from the evaluation of the coating samples exposed to fungal isolates on painted
plasterboards using acrylic paint and glycerol-based paint during 15 days are shown in Table 2 and Figure 1.
The capability of the biocide to prevent fungal growth in indoor buildings was indicated by the growth of fungi
according to ASTM D5590-00 standard scale.
Table 2: Bio-coating resistance test with treated two types of paints. Lagend; none = trace of growth (<10%), light growth (10-30%),
moderate growth (30-60%), heavy growth (60-100%)
Coating bio-resistance test
Day 3
Day 6
Day 9
Day 12
Day 15
ASTM D55900
Biocide-free acrylic paint + plasterboard
0
5
5
10
20
Biocide-treated acrylic paint + plasterboard
0
5
5
10
20
Biocide-free glycerol-based paint + plasterboard
5
5
10
10
20
Biocide-treated glycerol-based paint + plasterboard
0
0
0
5
5

Fig. 1: Graph of fungal growth percentage versus incubation time for acrylic and glycerol-based paint.
Figure 1 shows the percentage of fungal growth according to ASTM standard rating for substrate with wall
finishing of acrylic paint. The comparisons for the fungal growth were shown the application of biocide and
without biocide at the wall finishing within 15 days. From the figure 1, the growth of fungal for control and
biocide treated sample both started to occur on day 6 th that is 5% and remain the same on day 9 th. On day 12th,
the growth for the control sample increased to 10%, and 20% for day 15th. While for sample with biocide, the
growth only occurred on day 12th and 15th was the same, and the highest rating was only 5% for biocide treated
sample. The substrates covered with acrylic paint were infested by fungi after 6 days of incubation. On that
time, the mycelia growth with the plasterboards treatment. The growth of fungal on the paint mainly depends on
the period and temperature. This problem will need the paint to be applying at low temperature and high
humidity that contribute to fungal growth. However in some application, the paint can tolerate to moisture due
to high polymer molecular weight [16]. For the wall finishing glycerol-based paint the comparisons for the
fungal growth were shown the application of biocide and without biocide at the wall finishing within 15 days.
From the graph, the growth of fungal for the control sample begin from day 3 rd, 5% then increased on day 9th by
10% and increased to 20% of day 15th. While the fungal growth for the sample with biocide only had growth of
5% on day 12th. The highest rating for the control sample is 20% (light growth), and sample with biocide is 5%
(trace of growth). Regarding substrates covered with glycerol-based paint, mycelia development from the
beginning of incubation with very rapid surface (3 days). Even though glycerol can give flexibility and
toughness in paints and coatings surfaces, but the characteristic of the glycerol itself will be able to retain
moisture that lead to fungal growth[17].
The most critical factors for fungal development are the humidity or moisture content and temperature
conditions at the material surface as well as the exposure time and the type of material. As state by Ritschkoff et
al., [18,19] the fungal growth intensity and rate and even the possibility of initiation of growth depends on the
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nutrition and pH-level of the material surface, and type. However, there are several aspects that have to be taken
into account in the interpretation of the experiments and analysis of the fungal growth levels [19,20,21]. In real
life, the humidity conditions will vary during the test. Finally, the results of this study should be considered as
preliminary as only used a constant temperature are tested. In these conditions (250C and relative humidity),
fungi growth is favored, correspond to buildings in humid climatic conditions and high temperature.
Conclusions:
The results and findings of this study can be concluded that the indoor environment in the building provides
a nearly ideal environment for fungal growth; as temperature and relative humidity in the complaint area were
both exceeded the acceptable range by ICOP. The finding of this study of the application of potassium sorbate
was successful as the reduced growth in the treatment sample was observed. The measurement technique used in
this study was able to provide a precise approximation for actual building practice in several parts. The
outcomes of this study shall be considered as preliminary data for constant of temperature tested. For the future
study, improvements are needed in the treatment to specific microbial agent and extend the observation period
of fungal growth on the substrate for further measurement.
ACKNOWLEDGEMENTS
The authors wish thanks to University Tun Hussein Onn Malaysia, MyBrain15, FRGS (Vote: 1479) for
sponsorship this research studies. The authors would also like to acknowledge all participants involved in this
research.
REFERENCES
[1]
[2]

[3]
[4]
[5]
[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

Vacher, S., C. Hernandez, C. Bärtschi and N. Poussereau, 2010. “Impact of paint and wall-paper on mould
growth on plasterboards and aluminum,” Build. Environ, 45(4): 916–921.
Bellotti, N., L. Salvatore, C. Deyá, M.T. Del Panno, B. del Amo and R. Romagnoli, 2013. “The
application of bioactive compounds from the food industry to control mold growth in indoor waterborne
coatings,” Colloids Surfaces B Biointerfaces, 104: 140–144.
Er, C. M., N.M. Sunar, A.M. Leman and N. Othman, 2015. “Direct growth inhibition assay of total
airborne fungi with application of biocide-treated malt extract agar,” MethodsX, 2: 340–344.
Robbins, C.A ., L.J. Swenson, M.L. Nealley, R.E. Gots and B.J. Kelman, 2000. “Health effects of
mycotoxins in indoor air: a critical review.,” Appl. Occup. Environ. Hyg., 15(10): 773–784.
Norhidayah, A., L. Chia-Kuang, M.K. Azhar and S. Nurulwahida, 2013. “Indoor Air Quality and Sick
Building Syndrome in Three Selected Buildings,” Procedia Eng., 53: 93–98.
Nazar, F.N., T. Weerasinghe and S. Perera, 2013. “A Preliminary Study on the Resistance of Paints against
the Growth of Algae and Fungi,” Adv. Mater. Res., 746: 186–191.
Shelton, B.G., K.H. Kirkland, W.D. Flanders and G.K. Morris, 2002. “Profiles of Airborne Fungi in
Buildings and Outdoor Environments in the United States Profiles of Airborne Fungi in Buildings and
Outdoor Environments in the United States,” Appl. Environ. Microbiol, 68(4): 1743–1753.
Frankel, M., E.W. Hansen, and A.M. Madsen, 2014. “Effect of relative humidity on the aerosolization and
total inflammatory potential of fungal particles from dust-inoculated gypsum boards,” Indoor Air, 24(1):
16–28.
Er, C. M., N.M. Sunar, A.M. Leman, O. Norzila, Q. Emparan, U. Kalthsom, P. Gani and N.A. Jamal,
“Evaluation of Potassium Sorbate as a Biocide to Reduce Viability of Total Airborne Fungi in a Higher
Educational Building of Computer Studies.”
Er, C.M., N.M. Sunar, A.M. Leman, N. Othman, U. Kalthsom, N.A. Jamal and N.A. Ideris, 2015. “The
biocidal effect of potassium sorbate for indoor airborne fungi remediation,” Desalin. Water Treat., vol.
1006817, no. September, pp: 1–6.
Parjo, U.K., N.M. Sunar, A.M. Leman, N.I.A. Ideris, P. Gani, Q. Emparan and C.M. Er, 2015. “Indoor
Fungal Treatment by Using Potassium Sorbate as Bio-Resistance Coating for Different Plasterboard Wall
Finishings,” Appl. Mech. Mater, 773–774: 1116–1120.
Parjo, U.K., N.M. Sunar, A.M. Leman, P. Gani, Q. Emparan and C.M. Er, 2015. “Coating Bio-Resistance
Test of Different Wall Finishing for Isolated Indoor Fungal Treatment by Using Potassium Sorbate
Biocide on Wood,” Appl. Mech. Mater., 773–774: 1384–1388.
“BIOAEROSOL SAMPLING, 1998. Indoor Air Culturable organisms : bacteria , fungi , thermophilic
actinomycetes,” Methods, (1): 800.
Dishes, P., P. Brush and T. Substrate, 2014. “Standard Test Method for Determining the Resistance of
Paint Films and Related Coatings to Algal Defacement 1,” 09: 4–7.

19

Umi Kalthsom Parjo et al, 2015
Advances in Environmental Biology, 9(20) Special 2015, Pages: 15-19

[15] Code, I., O. Practice, O. Indoor and A. Quality, “INDUSTRY CODE OF PRACTICE ON INDOOR AIR
QUALITY.”
[16] Mariz, I.D.F.A., I. S. Millichamp, J.C. de la Cal and J.R. Leiza, 2010. “High performance water-borne
paints with high volume solids based on bimodal latexes,” Prog. Org. Coatings, 68(3): 225–233.
[17] Wilson, S.C., C.G. Carriker, T.L. Brasel, E. Karunasena, D.R. Douglas, C. Wu, L. a Andriychuk, M.R.
Fogle, J.M. Martin and D.C. Straus, 2004. “Culturability and toxicity of sick building syndrome-related
fungi over time.,” J. Occup. Environ. Hyg., 1(8): 500–504.
[18] Isaksson,
T., S. Thelandersson, A. Ekstrand-Tobin and P. Johansson, 2010. “Critical conditions for
onset of mould growth under varying climate conditions,” Build. Environ, 45(7): 1712–1721.
[19] Er, C.M., N.M. Sunar, A.M. Leman, N. Othman, P. Gani, N.A. Jamal, Q. Emparan, Q.A. Emparan and U.
K. Parjo, 2015. “&lt;i&gt;In Vitro&lt;/i&gt; Inhibitory Assay of an Isolated Indoor Airborne Fungus from
an Institutional Building of Computer Education by Using Potassium Sorbate,” Appl. Mech. Mater., 773–
774: 1091–1095.
[20] Parjo, U.K., N.M. Sunar, A.M. Leman, P.Gani, Q. Emparan, C.M. Er, 2015. “In-Vitro Indoor Fungal
Treatment On Wood By Using Potassium Sorbate As Biocide”, Journal of Occupational Safety and Health
(in press).
[21] Er, C.M., N.M. Sunar, A.M. Leman, N. Othman, U.K. Parjo, N.A. Ideris, 2015. “Indoor airborne fungi
treatment by potassium sorbate: a case study”, Malaysian J. Analyt. Sci.

