International Journal of Science, Engineering and Technology Research (IJSETR), Volume 4, Issue 6, June 2015

Studies for antifungal activity of selected concrete
sealers on white cement panels

Rajesh K. Verma, Deepa Devi

Abstract --  The aim of the present study was to assess
efficacy of different concrete sealers against building fungi.
The 0.5 ml of seven concrete sealers (Liquid Sealer LS-S,
Magik impregnator, WEB-CBX, RIK- SEAL Medium
Gloss, KONEX WRA - 2318, Evercrete DPS, La Guard
PWC) and essential oil of peppermint and eucalyptus were
tested for their antifungal activity against Rhizopus
stolinifer, Penicillium chrysogenum and Mucor racemosus
by poison food technique up to 120 hrs. The individual
concrete sealers, mixture of evercrete DPS sealer with
peppermint and eucalyptus oils were applied on white
cement panel to evaluate their antifungal activity against
Mucor racemosus up to 21 days and mixed culture of
Rhizopus stolinifer, Penicillium chrysogenum and Mucor
racemosus up to 4 weeks. The essential oils of peppermint,
eucalyptus and WEB-CBX exhibited significant antifungal
activity against M. racemosus on petri plate method. The
peppermint oil, WEB-CBX, Magik Impregnator exhibited
significant antifungal activity against R. stolinifer.
However, peppermint oil, WEB-CBX, Evercrete DPS with
or without eucalyptus oil exhibited significant antifungal
activity against P. chrysogenum. The evercrete DPS with
peppermint oil, WEB-CBX, Magik Impregnator and La
Guard PWC exhibited significant antifungal activity on
treated white cement panels in both Mucor racemosus and
mixed culture of three fungi. This is the first report for
antifungal activity of concrete sealers applied on the white
cement panels against R. stolinifer, P. chrysogenum and M.
racemosus in India. These findings would be useful to
search new alternative of antifungal coating for concrete
and building industries.

Index Terms -- Antifungal activity, Bio-deterioration,
Concrete sealers, Essential oil, Fungi.
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I. INTRODUCTION
Microorganisms — bacteria, cyanobacteria, fungi, algae,
and lichens — are liable to grow on building materials. They
will not grow on building materials if there are no nutrients or
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carbon sources [1]. Biological activity contributes to
deterioration of building material, and its interaction with
physico-chemical mechanisms is responsible for long term
deterioration [2]-[3]. Fungi are among the most harmful
organisms associated to bio-deterioration of organic and
inorganic materials [4]-[5]. Mortar and concrete are the most
widely used building materials all over the world as they are
cheap, easily available and convenient to cast [6]. Cement
plays an essential role in concrete works behaviour, because it
provides its mechanical resistance [7]. Concrete is mostly used
to cast foundations, floors, and other horizontal structures and
will hold soil, dirt, and dust better than vertical surfaces [8].

The fungi play an important role in the deterioration of
concrete. Under humid conditions, the fungi biofilm was
encouraged to grow on the surface of the normal concrete
specimens and allowed to slowly degrade the concrete because
of its interaction with the products of microbial metabolism
[9]-[10]. It was reported that the oxalic acid excreted during
the growth of fungal film interact with the concrete and form
insoluble calcium complexes like calcium oxalate [11]. Fungi
produce a wide range of organic acids like, acetic, oxalic and
glucuronic acids [12]. They can also etch the concrete surfaces
and favour penetration of fungal hyphae deep into the concrete
which can result in enlargement of damaged area and increase
in porosity [13]. Discoloration of concrete or paint on walls or
nearby surfaces is usually an indication of presences of mould
colonies. Of all the biological factors, fungi are responsible for
the 80% of total building materials degradation [14]. Fungal
growth in damp or water-damaged buildings has adverse
effects on both the occupants and the buildings. The
Penicillium chrysogenum and Aspergillus versicolor are the
most common fungal species reported from water-damaged
buildings [6]. Air sampling is unreliable because it favors
fungi that produce large quantities of small, dry spores, such
as Aspergillus spp., Cladosporium spp., and Penicillium spp.
[15]. Besides, fungal diversity is different in outdoor air [16],
in indoor air [17], and in house dust [18] compared with each
other and with moldy building materials [19].

The presence of Aspergillus niger, Ascotricha charatarum,
Fusarium solani, Aspergillus spp, Penicillium spp.,
Cladosporium spp., Phoma spp., Stachybotrys spp. Ascospora
spp., Curvularia spp, Alternaria spp. were reported in indoor
walls of the residential/ commercial constructions exposed to
seepage [20]. The Aspergillus flavus 30.77%, Penicillum
chrysogenum 21.27%, Alternaria 14.48%, Aspergillus niger
9.05%, Mucor 6.33%, Rhizopus 5.43%, Fusarium spp. 4.07%,
Trichoderma 2.71%, Unknown spp. 2.26% were reported from
religious, educational and industrial buildings of Haridwar
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[14]. The average daily hyphal growth of fungi rates were 4
and 16 times higher in the living rooms and in the bedrooms
of the UGH user homes, respectively. Viable spores are
always present in dwellings and germination and subsequent
hyphal development can occur if the nutrients, temperature
and moisture availability are suitable [21]. Fungi are essential
to survival of global ecology but they may pose a significant
threat to the occupants health when they grow in buildings.
Fungal growth in buildings is influenced by source of
infection, nutrient, temperature, relative humidity, oxygen, etc.
and affects indoor air quality [22]. In air and surface samples
from hospitals, offices and residential buildings of Roorkee,
India, Alternaria, Aspergillus, Penicillium, Rhizopus and
Trichoderma were found present in wall of all types of
buildings. However, Aspergillus, Geotrichum, Mucor,
Penicillium and Rhizopus were found in indoor environment
[23].

Detection and species identification of all fungi present in
a moldy building are the first step toward resolving the cause
and effect of building-related illness (sick building syndrome).
Dieldrin, pentachlorophenol (PCP) and tributylin oxide
(TBTO) are most widely used to control fungal decay in
buildings [24]. These synthetic fungicides are removed from
markets because of their harmful effects on the environment
and in effectiveness due to development of fungi resistance.
Concrete sealers are applied to concrete to protect it from
surface damage, corrosion, and staining. They either block the
pores in the concrete to reduce absorption of water and salts or
form an impermeable layer which prevents such materials
from passing. The successful application of concrete sealer
into reinforced concrete surface protect it from ingress of
water, soluble salts and other contaminants [25].
Commercially available concrete sealers are based on silicon,
silane, silicate, siliconate, acrylic, epoxy, urethane, etc.
However, these were not assayed for their antifungal activity
against fungi occurring in building. Eucalyptus and
peppermint oils were found effective against eleven
filamentous fungi [26]. Menthol was found to be individual
aroma responsible for the antifungal activity of peppermint
essential oil [27]. The peppermint essential oil exhibited
strong antifungal activities against the examined fungi at
concentrations ranging from 0.12 to 8.0 uL/mL [28].
Antifungal activities of essential oil and methanolic extracts of
peppermint were demonstrated [29]-[32]. The essential oils
from three Eucalyptus species showed significant antifungal
activity against Sclerotium rolfsii, Fusarium solani [33]. The
essential oil of Eucalyptus possesses good antifungal potential
against eleven fungal strains [34]-[35]. The papers deals to
evaluate selected concrete sealers (Liquid Sealer LS-S, Magik
impregnator, WEB-CBX, RIK- SEAL Medium Gloss,
KONEX WRA - 2318, Evercrete DPS, La Guard PWC) with
or without essential oils of Eucalyptus globulus and Mentha
piperita against three building fungi to determine their
antifungal activity by poison food technique and applying on
the white cement panels.
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Il. EXPERIMENTAL PROCEDURE
A. Building Fungi

The Rhizopus stolinifer, Penicillium chrysogenum and
Mucor racemosus were isolated from the surface and indoor
air of building, respectively [23] and have been maintained on
potato dextrose agar (Himedia) in Building Pests and
Mycology Laboratory,  Environmental  Science and
Technology Group, CSIR-Central Building Research Institute,
Roorkee, India.

B. Essential oils

The fresh leaves of Eucalyptus globulus (Myrataceae) and
Mentha piperita (Lamiaceae) were collected / purchased from
plants / superstore for essential oil extraction. The plant
materials were identified and wvoucher specimens were
submitted in the herbarium of Building Pests and Mycology
Laboratory, Environmental Science and Technology Group,
CSIR-Central Building Research Institute, Roorkee, India.
Plant materials were thoroughly washed twice with distilled
water and subjected to Clevenger’s hydro —distillation
apparatus to isolate essential oils. The isolated essential oil
was dehydrated with anhydrous sodium sulphate (100 mg ml’
1) and kept on stand for half an hour. There after, upper layer
containing dehydrated essential oil was collected with the help
of micropipette and stored in clean glass vial at 4°C [36].

C. Concrete Sealers

The concrete sealers were purchased directly from their
manufactures / suppliers of India. The selected concrete
sealers and their specific feathers and symbols are presented in
Table-1.

D. Antifungal activity on Petri plates

All the concrete sealers (Liquid Sealer LS-S, Magik
Impregnator, WEB-CBX, RIK- SEAL Medium Gloss,
KONEX WRA - 2318, Evercrete DPS, La Guard PWC),
essential oils of Eucalyptus globulus and Mentha piperita
were individually evaluated for their fungi toxic activity
against Rhizopus stolinifer, Penicillium chrysogenum and
Mucor racemosus by adopting food poisoning technique into a
petridish [37]-[38]. For each fungal isolate, a conidial spore
suspension of 10° spores ml™ was prepared and petridish were
needle-inoculated in the centre. The potato dextrose agar
(Himedia) nutrient medium was poisoned with 0.5 ml of test
concrete sealer or essential oil. The radial growth was
measured in millimeters after incubated at 28 +0.5°C and 85%
relative humidity up to 120 hours in triplicate.

E. Antifungal activity on white cement panels
White cement test panels (150x65%5 mm) were prepared
by mixing a ratio of 1:1 of white cement and sand. The slurry

of white cement and sand was poured on the wooden mould to
cast cement panels. White cement test panels were cured for
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28 days before antifungal studies. The white cement panels
were dried and divided into two equal parts. After the partition,
one side of the panel was labeled as UT (Untreated) and the
other side was labeled by the name of concrete sealer
abbreviation. The evercrete DPS was separately mixed with
5 % essential oil of peppermint and eucalyptus oils. All the
panels were treated by painting brush on treated part of panels

with appropriate concrete sealers with or without essential oils.

The second coat was applied after 24 hours from first coat.

Fig.1. Concrete sealer coated white cement panels for
antifungal study

The potato dextrose agar medium was prepared and
autoclaved at 121°C for 15 min. Poured the 200 ml of culture
media into each sterile petri plates (200x20 mm) and allowed
to solidify. The coated panels were exposed to UV radiation
for 120 min. to sterilize them. The white cement panels were
placed on the center of petri plates over the solidified medium.
The inoculation of fungal species was done using conidial
spore suspension of 10° spores mI™ of Mucor recemosus and
mixed culture of Rhizopus stolinifer, Penicillium chrysogenum
and Mucor racemosus. The plates were incubated at 28 +0.5°C
and 85% for 21 days for mixed fungi culture and 28 days for
Mucor racemosus to check antifungal activity of concrete
sealers in duplicate.

I1l. RESULTS AND DISCUSSION

Fungi are a natural part of our environment and play
an important in decomposition of organic matter. They
can grow on almost any building material if there is
enough moisture available and cause damage to the
structure [39]-[40]. Antifungal activity of various concrete
sealers and essential oils of Eucalyptus globulus and Mentha
piperita against Mucor racemosus, Rhizopus stolinifer and
Penicillium chrysogenum are presented in the Graph 1 to 3.
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Graph 1: Antifungal activity of tested concrete sealers
and essential oils against Mucor racemosus.
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Graph 2: Antifungal activity of tested sealers and
essential oils against Rhizopus stolinifer.
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Graph 3: Antifungal activity of tested concrete sealers
and essential oils against Penicillium chrysogenum.
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Graph 4: Diameter of Mucor recemosus on untreated part
of white cement panels.
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Graph 5: Diameter of Mucor recemosus on treated part of
white cement panels.
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Graph 6: Diameter of fungal colonies on untreated part of
white cement panels.
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Graph 7: Diameter of fungal colonies on treated part of
white cement panels.

From Graph 1, it is shown that WEB - CBX (W)
exhibited significant antifungal activity on  Mucor
racemosus after incubation of 72 - 120 hrs. However,
other concrete sealers (Liquid Sealer LS-S (LS), Magik
impregnator (M), RIK- SEAL Medium Gloss (R), KONEX
WRA - 2318 (K), Evercrete DPS (E), La Guard PWC (LG)
exhibited moderate / least antifungal activity.

From Graph 2, it is shown that WEB-CBX (W), Magic
Impreganator (M) exhibited significant antifungal activity
on Rhizopus stolinifer after incubation of 72 — 120 hrs.
However, all other concrete sealers (Liquid Sealer LS-S (LS),
RIK- SEAL Medium Gloss (R), KONEX WRA - 2318 (K),
Evercrete DPS (E), La Guard PWC (LG) exhibited moderate /
least antifungal activity.

From Graph 3, it is shown that WEB-CBX (W),
Evercrete DPS (E) and Evercrete with eucalyptus oil (EE)
exhibited significant antifungal activity on Penicillium
chrysogenum after incubation of 72 - 120 hrs. However,
Evercrete DPS with peppermint oil (EP) and Magic
Impreganator (M) exhibited moderate antifungal activity,
while Knoex WRA (K), Liquid Sealer (LS), La Guard (LG)
and Rik Seal medium gloss (R) exhibited least antifungal
activity.

From Graph 1 to 3, it is shown that essential oils of
Eucalyptus and Peppermint oils exhibited significant
antifungal  activity on Rhizopus stolinifer, Penicillium
chrysogenum and Mucor racemosus after incubation of 72 —
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120 hours. No fungal growth was appeared in petri plates
treated with both essential oils.

The fungal growth of Mucor recemosus on untreated and
treated parts of white cement panels are presented in Graph 4
and 5. From Graph 4, it is recorded that in the case of WEB —
CBX (W), Evercrete DPS with peppermint oil (EP), La
Guard (LG), Magik Impregnator (M), Evercrete with
Eucalyptus oil (EE), Rik —seal medium gloss (R), Konex
WRA (K), Liquid Sealer (LS) & Evercrete (E) the growth
of Mucor recemosus were appeared as 15 mm, 16 mm, 15
mm, 14 mm, 16 mm, 15 mm, 14 mm, 16 mm and 14 mm,
respectively.

From Graph 5 it is shown that there is no fungal growth
was appeared on white cement panels coated with WEB-CBX
(W), La Guard (LG), Magik imperegnator (M) and Evercrete
DPS with Peppermint oil (EP). However, little growth of
fungus was appeared in cases of evercrete DPS with
eucalyptus oil (EE), Rik seal medium gloss (R), Knoex WRA
(K), Liquid sealer (LS) and evercrete (E). The diameter of
grown Mucor recemosus were appeared as 8 mm, 10 mm, 11
mm, 9 mm and 11 mm, respectively at the end of 4 weeks. It
is shown that when peppermint oil was added to the
Evercrete DPS (E), the growth of Mucor recemosus gets
inhibited completely as compared to evercrete DPS.

The diameters of mixed fungal colonies grown on
untreated and treated parts of the panels are presented in
Graph 6 and 7. After comparison of both graphs (6 & 7), we
observed that WEB-CBX (W), La Guard PWC (LG), Magic
impregnator (M), Evercrete DPS with peppermint oil (EP)
exhibited highest antifungal activity against mixed culture of
fungi.

From Graph 6 and 7 it is shown that WEB-CBX (W), La
Guard (LG), Magik imperegnator (M) and Evercrete DPS with
Peppermint oil (EP) exhibited highest antifungal activity on
white cement panel after the incubation of 21days in case of
mixed fungi culture. Liquid sealer (LS), Konex- WRA (K) and
Evercreat-DPS with Eucalyptus oil (EE) exhibited moderate
antifungal activity, while Evercrete-DPS (E) exhibited least
antifungal activity.

Evercrete DPS with peppermint oil (EP), WEB-CBX (W),
La Guard (LG) and Magik impregnator (M) showed complete
inhibition of fungal colonies on white cement panels in case of
mixed culture of fungi and Mucor recemosus. It was
concluded that no fungal growth was occurred on the treated
part of white cement panels after 21 days. The concrete sealers
WEB-CBX (W), La Guard PWC (LG), Magic impregnator
(M), Evercrete DPS with peppermint oil (EP) were found
effective to prevent the fungal (Rhizopus stolinifer,
Penicillium chrysogenum and Mucor racemosus) growth on
white cement panels incubated in BOD incubator.
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Table.1 Selected concrete sealer with their specific feathers, dilutions and symbols.

Product

Specific Feature

Dilution

Symbol

Liquid Sealer
LS-S

Silane

Apply on old construction
UV stable

Maintains natural appearance
Clear

Dilutable 10
times with thinner

LS

Magik
Impregnator

Acrylic

Excellent stain proof property

UV stable

Transparent

Good resistance against atmospheric condition

Without Dilution

WEB-CBX

Silane

Water repellent

Suited to restoration work
Clear appearance

Dilute only if necessary
with distilled water

RIK- SEAL
Medium Gloss

Acrylic

UV resistant

Eco-friendly

Block penetration of dust, oil and chemicals
Clear appearance

Without Dilution

KONEX WRA -
2318

Silane

Reduces water permeability

Prohibits fungal growth and foul smell
Clear appearance

Dilutable 14 times with
water

Evercrete DPS

Silicate

Penetrate upto 3 cm

Protects against chloride ion ingress
Anti-carbonation coating

Without Dilution

Evercrete DPS
with
Eucalyptus oil

Silicate

Penetrate up to 3 cm

Protects against chloride ion ingress
Anti-carbonation coating

Anti- Fungal

Without Dilution

EE

Evercrete DPS
with Peppermint
oil

Silicate

Penetrate up to 3 cm

Protects against chloride ion ingress
Anti-carbonation coating

Anti- Fungal

Without Dilution

EP

La Guard PWC

Clear
Water Repellent

Without Dilution

LG
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