
     

Abe, K. DOI: http://dx.doi.org/10.4225/50/581078cd8ef9d 

HealthyHousing2016: Proceedings of  the 7
th
 International Conference on Energy and Environment of 

Residential Buildings, November 2016, edited by Miller, W., Susilawati, C. and Manley, K. Brisbane: 

Queensland University of Technology, Australia.  DOI: http://dx.doi.org/10.4225/50/58107c8eb9c71 

     

Prevention Strategy against Fungal Attack Using Selected 
Fungi as Biologic Sensors     

 

 

 

 

 
 

 

 

 

 

Dr. Eng. Tomomi Murata, The University of Kitakyushu, Japan. t-murata@fb3.so-net.ne.jp 

 

Abstract 
 

Purpose / Context - The purpose of this study was to develop a prevention strategy against 

fungal attack in any residential building, which had been previously proposed and applied to con-

serve cultural assets using a fungal index. The strategy consisted of four stages: current 

status assessment, diagnosis, preventive measures, and finally confirmation of the preventive 

measure. In the current status assessment, the microclimates in a target room are to be evaluat-

ed firstly using the fungal index, which assesses the environmental conditions critical for fungal 

growth. The microclimates are diagnosed and categorized into the following three levels: A 

(free of contamination), B (probable contamination), or C (unavoidable contamination), depend-

ing on the index values <1.8, 1.8-18, and >18, respectively. Suitable preventive measures are to 

be adopted at the sites with level B or C. After implementing the preventive measures, the 

fungal indices ought to be measured again for the evaluation of the employed preventive 

measure as well as the confirmation of level A. 

 

Methodology / Approach - One storeroom was selected as a target room to apply the approach, 

as a case study of the prevention strategy against fungal attack, including the diagnosis using 

fungal index values at the sites of interest, selection of a preventive measure, and the subsequent 

confirmation of the preventive measure. 

 

Results – Fungal index measurements throughout a period of one year as a current status as-

sessment revealed that the microclimates in the target room were level B only in winter. As a 

preventive measure, a commercially available dehumidifying system was selected and installed in 

the target room. Fungal-index measurements confirmed that the room conditions had changed 

from level B to level A.  

 

Key Findings / Implications – The cause of level B in the target room was moisture invasion 

from the neighboring storeroom which had been air-conditioned at 20°C and 55% RH year-round, 

warmed and humidified in winter. The preventive measure implemented has completely sup-

pressed fungal growth in the target room. This practical application of the strategy was successful.  
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Originality - The phenomenon of moisture moving from warm and humidified rooms to cold and 

non-humidified ones will occur in any residential building in winter, resulting in mold contamina-

tion of cold wall surfaces. However, the systematic use of a fungal detector and fungal index will 

make a quantitative diagnosis of dampness possible, followed by the selection of a suitable pre-

ventive measure. 

 

Keywords -  Fungi, Fungal index, Fungal detector, Microcllimate, Mold contamination  

 

 

1. Introduction 

Microclimates at fungal growth sites on construction materials always tend to be equilibrated with 

the prevailing environmental conditions of the materials' surfaces where fungi are growing. If a 

microclimate suitable for fungal growth is identified, a preventive measure can be reasonably 

taken. One of the authors proposed a fungal detector and fungal index (Abe, 1993a), taking into 

account the observation that the potential of a microclimate to grow fungi in a given environment 

could be accurately predictable by observing the fungal growth itself. The index quantifies the 

potential for fungal growth in the microclimate at examination sites. Upon measuring the index, a 

fungal detector, in which carefully selected sensor fungi are encapsulated, is exposed at each 

survey site. The spores in the detector will grow if the microclimate is suitable for such growth. 

The index is assessed based on the hyphal extension (a response) of the sensor fungi during the 

exposure period of the detector. 

 

Eurotium herbariorum J-183 was initially selected as the sensor fungus in the fungal detector (Abe, 

1993a). This fungus showed the greatest response among numerous test-fungi under the various 

climates surveyed (Abe, 1993b), but did not respond below 70% relative humidity (RH). Further-

more, in climates with nearly 100% RH, hyphal extension of this fungus ceased at a relatively 

earlier growth stage (at the stage with short hyphae less than 500 µm), and the index value could 

not be estimated. Thus, in order to compensate for the weak sensitivity of E. herbariorum J-183, 

additional sensor fungi in the detector were incorporated: Aspergillus penicillioides K-712 for less 

humid environments (Abe, 2010), and Alternaria alternata S-78 for extremely humid environ-

ments (Abe, 2012). The detector, encapsulating the above three sensor fungi, was reported in a 

previous paper (Abe, 2012). 

 

The prevention of fungal (mold) contamination is necessary for our healthy living. Spores of fungi 

are always floating in the air, infiltrating buildings and attaching to walls, ceilings, floors, or items in 

rooms. In the case of a microclimate that has the potential to support fungal growth, fungal spores 

will germinate, extend hyphae, produce new spores, and finally scatter the spores, resulting a 

cycle of fungal contamination. Under such conditions, not only the contamination of construction 

materials and various items in the room, but also negative effects on our health, such as fungi- 

induced allergy, might develop. In our previous study, children in all homes with a fungal index 

>18 in their living rooms (10 out of 100 investigated homes) in summer were found to have aller-

gies (Abe, 2012). To avoid fungal contamination and their negative effects on our health, we need 

to detect the microclimates that facilitate the growth of fungi and adopt suitable preventive 

measures before detrimental effects develop. 

 

A prevention strategy against fungal attack for the conservation of cultural assets at a mini-

mal cost and in a sustainable way was proposed previously (Abe and Murata, 2014), where mi-

croclimates were monitored using the fungal index, and three climatic levels influencing mold 

contamination were proposed to take suitable measures and prevent fungal (mold) contamination 

before suffering from damage caused by fungi (mold). This strategy must be applicable in our 

living environments. 

 

In this report, the authors introduce the fungal index, fungal detector, and prevention strategy, and 

also a case study applying this strategy. The study will provide useful information on how to re-

solve mold contamination in our living environments, especially in cold seasons. 
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2. Methods 

2.1 A fungal index and fungal detector 

A fungal index was determined biologically using a fungal detector (Figure 1). The index was 

measured using the fungus that showed the greatest response among the three sensor-fungi in 

the detector exposed to a test environment. The three sensor-fungi were the moderately xerophilic 

E. herbariorum J-183, strongly xerophilic A. penicillioides K-712, and hydrophilic A. alternata S-78. 

Using the longest hyphal length among the three sensor-fungi, the number of response units, ru, 

was obtained by applying a standard curve. The standard curve, which shows the relationship 

between the hyphal length (µm) and response units (ru), was reported previously (Abe, 2010). 

The value of the index was defined as the response units (ru) per exposure period (weeks). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 A fungal detector enxapsulating three sensor-fungi. 

 

 

 

Figure 2 Typical growth responses to the environment. 

 

Figure 2 shows examples of the responses of the sensor fungus Eurotium herbariorum J-183: A 

being “below the measurable lower limit” with no germination, B being "in a measurable range" as 

the case when hyphal length is ca. 500 µm, and C being “above the measurable upper limit” with 

a hyphal length >2,600 µm. The responses shown in Fig. 2A, 2B, and 2C, which are visible as 
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hyphal  lengths,  correspond  to  the  growth  responses  of  <7,  24,  and  >72  ru,  respectively, 

expressed as response units. When the exposure period of fungal detectors was 4 weeks, the 

values of the fungal index (response units divided by exposure weeks, 4) were calculated as <1.8, 

6.0, and >18.0, respectively. If the exposure periods were different, the values of the fungal index 

would be different. For example, if the exposure period was 8 weeks, the values of the index 

would be <0.9, 3.0, and >9.0, respectively. 

 

2.2 Prevention strategy againsts fungal attack using a fungal index 

 

Figure 3 shows a prevention strategy against fungal attack, which was originally proposed for the 

conservation of cultural assets in storerooms (Abe and Murata, 2014). The strategy consists of 

four stages: 1) investigation for current status assessment, 2) diagnosis, 3) taking preventive 

measures, and 4) investigation for Level-A confirmation. On the current status assessment, micro-

climates in a target room are evaluated using the fungal index. In the diagnosis, investigated envi-

ronments are categorized into three levels, A, B, or C, depending on the index values, <1.8, 1.8-

18, or >18, respectively. If an investigated room maintains level A continuously, the room is con-

sidered free of contamination. If the room maintains level B, fungal contamination might occur and 

preventive measures are necessary. If the room maintains level C, fungal contamination is una-

voidable, and preventive measures should be taken promptly. After implementing the preventive 

measures, fungal indices are measured again for the evaluation of the employed preventive 

measure and confirmation of level A. 

 

 

Figure 3 Prevention strategy against fungal attack 
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2.3 Application of the prevention strategy 

 

A certain building for storage and exhibitions of cultural assets was selected for the application of 

the prevention strategy shown in Figure 3. Mold contamination was already visible and identified 

in  a  storeroom  (Storeroom-I)  and  north  stair-hall  (1st   and  2nd   floors)  of  the  building.  Two 

storerooms (Storerooms-II and -III) were air-conditioned at 20 to 21ºC and 55% RH throughout the 

year. Storeroom-I, the north stair-hall, and south entrance hall were not air-conditioned, while all 

of the exhibition rooms were air-conditioned during the exhibition periods in spring and autumn. 

Each exhibition period was ca. two months. 

 
The current status assessment commenced on Sep. 12, 2013. The number of survey sites in the 

building was ten. Fungal index measurements using fungal detectors were conducted in autumn, 

winter, and summer. Temperatures and RH were measured and recorded at each survey site. 

One storeroom diagnosed as level B on the current status assessment was selected as the target 

room. A preventive measure was implemented in the target room at the end of 2015. After taking 

the preventive measure, the fungal index was measured again for its evaluation and level-A con-

firmation. The measurements of the temperatures and RH have been continued until the present. 

 

3. Results and Discussion 

3.1 Current status assessment and diagnosis 

Table 1 shows fungal index values and the microclimate levels in the investigated building in 

winter and summer from 2013 to 2014. There was marked variation in the indoor environments of 

the building. The fungal index values differed as expected by site, and by season at the same site. 

 

Table 1: Fungal indices in the investigated building on the current status assessment 

 

 
Location of each survey site 

Winter 

  Dec. 25, 2013 to Jan. 22, 2014   

Summer 

Jun. 25 to Jul. 23, 2014   

 Fungal index   Level   Fungal index   Level   

Exhibition room-I <1.8 A <1.8 A 

Exhibition room-II <1.8 A <1.8 A 

Exhibition room-III <1.8 A <1.8 A 

Storeroom-I, Northeast 13.0 B <1.8 A 

Storeroom-II, Center <1.8 A <1.8 A 

Storeroom-III, North <1.8 A <1.8 A 

Storeroom-III, South <1.8 A <1.8 A 

Stair hall, 1st floor 11.9 B <1.8 A 

Stair hall, 2nd floor 15.5 B <1.8 A 

Outdoors, northeast of the building <1.8 A 16.6 B 

 

In winter, a fungal index of 13.0 was recorded in storeroom-I, and the index values 11.9 and 15.5 

were recorded on the 1st and 2nd floors within the north stair-hall, respectively. The microclimates 

at these three survey sites were found to be level B. Mold contamination was already visible at all 

of the three survey sites. Fungal indices at other survey sites were below the measurable lower 

limit (<1.8), and microclimates at these survey sites were level A without any mold contamination. 

 
In summer, all of the fungal indices were below the measurable lower limit in the examined build-

ing. All microclimates were level A, suggesting that fungi will not grow in the building during sum-

mer. All of the fungal indices in the building were also below the measurable lower limit in 

autumn (fungal index: <1.4 from Sep. 12 to Oct. 24, 2013). 

 
In contrast to the indoor cases, the outdoor climates were level A (fungal index: <1.8) in winter, 

and level B in summer (fungal index: 16.6) and autumn (fungal index: 3.0). 
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Around the area of the examined building, the outdoor climate was dry in winter and humid 

in summer as the typical climates of Honshu Island in Japan. In storerooms with no air-

conditioners, the outdoor climates affected their microclimates. In summer, when both the outdoor 

temperature and RH were high, the fungal index levels in many storerooms on Honshu Island 

became detectable and the microclimates in these rooms were diagnosed as level-B or -C 

different from the target storeroom reported in this investigation (Abe, 2014). 

 

3.2 Explanation for the fungal contamination 

Table 2 shows each fungal index and room climates, temperature, RH, and humidity ratio in each 

room at the current status assessment in winter. The values of climatic factors were the average 

of those during the exposure period of the fungal detectors. 

 
Storeroom-II, Storeroom-I, and the north stair-hall were actually built in a line from south to north 

on the east side of the building, that is, the entrance door of Storeroom-II was on the wall of 

Storeroom-I, the entrance door of Storeroom-I was on the wall of the stair hall, and the north 

entrance door of the building was on the north wall of the stair hall. 

 

 

 

The climate of Storeroom-II was 20ºC and 55% RH with air-conditioning, but the temperatures of 

Storeroom-I and the stair hall with no air-conditioning were affected by the outdoor temperature 

(7ºC). Eventually, the temperatures of these rooms were much lower than Storeroom-II: 10.7 ºC in 

Storeroom-I and 9.3 ºC in the stair hall. 

 
The humidity ratio of 8.0 g/kg in Storeroom-II was the highest among these rooms. The humidity 

ratios of neighboring Storeroom-I, the stair hall, and outdoors were 7.2, 6.7, and 3.9 g/kg, respec-

tively. 

 
RH of the air differs depending on the temperature and humidity ratio. Under the condition of 

moisture supplied from the air-conditioner in Storeroom-II, humidity ratios of both Storeroom-I and 

the stair hall were not as low as outdoors. RH of these rooms changed to higher levels of more 

than 90%. The high RH in these rooms, as a consequence, induced the high fungal indices. 

 
The climatic phenomena observed in these rooms indicated that the outdoor temperature certainly 

affected the room temperatures, while the outdoor RH did not affect the room RH so much. Mois-

ture moves from a space with a higher humidity ratio to that with a lower humidity ratio. When 

there are rooms with different humidity ratios, water vapor (moisture) moves between the rooms if 

the doors separating the two rooms are not airtight, or wall structures between the rooms are 

moisture-permeable. To keep Storeroom-II at 20ºC and 55% RH with a cold and dry outdoor 

climate in winter, heating and humidification were inevitable. The moisture being supplied from the 

air-conditioner in Storeroom-II automatically increased the humidity ratio in the room. Thus, the 

moisture diffused from Storeroom-II to Storeroom-I, then, to the stair hall, and finally to the out-

doors. 
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3.3 Preventive measure 

The preventive measure introduced for Storeroom-II was as follows: A dehumidification system 

(Amenity Technology Co., LTD, Tokyo, Japan) was installed. In this system, a dehumidifier was 

placed outside Storeroom-I, the target room, and connected to the room with air-ducts. The air in 

the room was drawn into the dehumidifier through a duct, and the dried air in the dehumidifier was 

returned to the room through another duct. The room, ducts, and dehumidifier were connected in 

a closed system. The operation of the dehumidifier was controlled based on fungal indices theo-

retically computed from the on-site temperature and RH measured in the target room (near the 

air-duct drawing the room air into the dehumidifier). The dehumidifier was operated only when the 

computed fungal index changed from a negative (zero) to positive value. For the computation of 

the index values using the on-site temperatures and RH, the computation software Eur.v2 (Insti-

tute of Environmental Biology) (Abe, 2006a, b) was used. 
 

3.4 Investigation for level-A confirmation 

 
Table 3 shows fungal indices in the investigated building in winter after taking the preventive 

measure. 

 
All fungal-index values at survey sites in the building were below the detectable lower limit (<1.4). 

Also, 10 additional survey sites in the target room (Storeroom-I) were below the detectable lower 

limit. All rooms in the building were concluded to be Level A. Fungal index values indicated that 

the installed preventive measure operated sufficiently to inhibit fungal growth. 

 
It was expected that all microclimates not only in Storeroom-I but also in the stair hall would 

change to level A. This proved that the cause of the high fungal indices in the building on the 

current status assessment was due to the movement of moisture from Storeroom-II to Storeroom-I 

and from Storeroom-I to the stair hall. 

 

Table 3: Fingal indices in the investigated building after taking the preventive measure 
 

Location of each survey site 

  Winter (Jan 16 to Feb. 19, 2016)   

 Fungal index   Level   

Exhibition room-I <1.4 A 

Exhibition room-II <1.4 A 

Exhibition room-III <1.4 A 

Storeroom-I, Northeast <1.4 A 

Storeroom-II, Center <1.4 A 

Storeroom-III, North <1.4 A 

Storeroom-III, South <1.4 A 

Stair hall, 1st floor <1.4 A 

Stair hall, 2nd floor <1.4 A 

  Outdoors, northeast of the building   <1.4   A   

 

Table 4 shows the temperature, RH, and humidity ratio of each room in winter after adopting the 

preventive measure. Both humidity ratios in Storeroom-I and the stair hall were 5.5 g/kg. The 

estimated fungal indices from temperatures and RH were 0.0 in Storeroom-I and 0.2 on the 2nd 

floor of the stair hall. 
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  Table 4: Room climates from Jan. 16 to Feb. 19, 2016, after taking the preventive measure   
 

Survey site 
Temperature 

(ºC)   

RH 

(%)   

Humidity ratio 

(g/kg dry air）   

Storeroom-II 20.7 56.6 8.6 

Storeroom-I 13.6 57.4 5.5 

Stair hall, 2nd floor 10.3 71.1 5.5 

Outdoors (piloti) 7.4 57.3 3.8 

Humidity ratio was calculated from the measured temperature and RH during the exposure period 
of fungal detectors. 

 

 
The dehumidification in Storeroom-I in winter avoided an increase in the amount of water vapor 

not only in Storeroom-I but also in the stair hall. RH and the humidity ratios in these rooms were 

lower than those on the current status assessment, and, thus, fungal growth in these rooms could 

be prevented. 

 
Room conditions with additional sources of moisture like Storeroom-I are typical cases in usual 

buildings in winter. The use of unflued gas heaters and heat pump heaters were compared with 

those in New Zealand in a cold season, revealing that the use of unflued gas heaters, which was 

an additional source of moisture, markedly increased the capacity to grow fungi on wall surfaces 

(Boulic et al., 2015). 

 
Dampness, which is the traditional term in the field of construction and has the same meaning as 

moist conditions in buildings, is associated with adverse health effects (WHO, 2009). Dampness 

accelerates fungal growth and causes visible mold growth. Mold is harmful to the health of people. 

Fungi (mold) are known to have the potential to cause allergies, including sneezing, a run-

ning nose, red eyes and skin rashes, and asthma. Fungal index values reflected the conditions of 

dampness in buildings. Thus, the systematic use of the index will provide practically useful infor-

mation to avoid ill-effects caused by dampness. The prevention strategy (Figure 3) is applicable 

to any building including residential homes. The measurement of the fungal indices using fungal 

detectors directly leads to the identification and prediction of sites where fungi will grow and 

mold contamination will appear. Also, the device to estimate the fungal index using the on-site 

temperature and RH, the details of which are described below, provides quick and useful infor-

mation on our living spaces, especially to detect seasons when fungi will grow and visible 

mold will appear. 

 
Recently,  devices,  which  can  measure  the  temperature  and  RH  at  a  survey  site  for  quick 

estimation of the fungal index, were developed and became available on a commercial basis. 

Those are Wireless Fungal Logger LR8520 (Hioki E. E. Corporation, Nagano, Japan) and Kabi-

toronics (Amenity-technology Co., Ltd, Tokyo, Japan). They might be helpful to identify the sites 

and seasons where mold contamination is unavoidable, and helpful to evaluate preventive 

measures. 

 

Figure 4 shows the computed fungal index in Storeroom-I. A and B indicate the index in the 

current status assessment from 2013 to 2014, and that before and after implementing the preven-

tive measure from 2015 to 2016. 

 
On the current status assessment, the computed fungal index based on the measured tempera-

tures and RH became positive and increased from the middle of November (Figure 4A). 

 
During the period before implementing the preventive measure in 2015, the computed fungal 

index varied, just as that in 2013. After adopting the preventive measure on Dec. 26, 2015, the 

computed fungal index dropped almost immediately. 
 

The seasonal change of the computed fungal index supported the measurements of fungal index 

using fungal detectors. Both fungal indices showed that the season experiencing mold contamina-
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tion  in  the  room  was  winter,  and  that  the  dehumidification  system  used  as  the preventive 

measure was effective. 

 

 

Figure 4 Seasonal changes of computed fungal index in Storeroom-I. A: on the current status 

assessment. B: before and after implementing the preventive measure 

 

 

4. Conclusions 

This case study applied a prevention strategy against fungal attack, in which a fungal index that 

assesses the conditions critical for fungal growth was used for evaluation of the microclimate, 

suggested that this strategy would be applicable to any building of concern. 

 
The effectiveness of the dehumidification system, in which the computed fungal index based on 

the on-site temperature and RH was used for the operation, was verified through fungal index 

measurements using fungal detectors. 

 
Room condition with an additional source of moisture like the target room are typical cases in 

usual buildings; some rooms in a building were warmed and humidified but other rooms were not, 

and moisture in warm and humidified spaces moved to cold and non-humidified spaces, resulting 

in mold contamination of cold wall surfaces in winter. 

 
The approach to inhibit fungal contamination described in this paper could be applicable in 

general buildings. The fungal index measured using the fungal detector will be helpful in the as-

sessment, and the fungal index based on the on-site temperature and RH will be helpful in the 

control of indoor environments. Such fungal indices should be available to evaluate remediation in 

homes, schools, hospitals, storerooms, and other buildings. 
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