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 Background: No known post-disaster investigations were done in Iligan City to 

evaluate the safety of the reoccupation of previously flooded houses devastated by 
Typhoon Sendong last December 17, 2011. Due to the absence of policies regarding 

indoor air quality in the Philippines and the subsequent possible health risks which may 

be acquired by inhabiting post-flooded residences, this study was conducted. 
Objective: This study is conducted as an initial indoor air quality evaluation in post-

flooded residences in Iligan City. Results: The indoor air quality, specifically in terms 

of mold contamination, of the seventy-seven severely flooded houses were evaluated in 
this cross-sectional study using modified Koch sedimentation method wherein 91% of 

the samples exhibited growth of colonies more than the adapated value of 500 CFU/m3. 

Significant correlations were found between the presence of musty odor and mold 
visibility using the Fisher’s Exact Test. There was a negative association between 

ambient indoor temperature and mold contamination (Spearman’s r of -0.2561 with a 

significance level of 95%). Conclusion: The high mold contamination of indoor air of 
the flooded residences imply the absolute need to promote awareness of the probable 

health risks associated with compromised indoor air quality. The enlightenment of the 

adverse health impacts should facilitate the move for the formulation of policies which 
will govern constant monitoring of indoor air quality. 
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INTRODUCTION 

 

 Most people spend over ninety percent of their lives in interior environments [1, 2], where they are exposed 

to biological contaminants collectively referred to as bioaerosols [3] which usually, contributes to about 5-34% 

of indoor air pollution [4]. The dominant aerial pathogens which are considered to be significant agents of 

allergic reactions [5] are various fungal species whose spores may be cytotoxic [6] as its mycelial fragments 

may contain allergens [4, 7] and fungal metabolic products which are documented to be toxic [8-12]. 

Dependence to open-air respiration for sustenance [13] makes human beings vulnerable to the biological threats 

of indoor air quality [3]. Journal reviews [14, 15] have drawn conclusive reports that certain exposure to indoor 

mold is of significant association with an increased prevalence of long-term risks [16] and may especially 

aggravate patients with underlying health conditions such as asthma [17], compromised immunity or allergies 

[18]. However, the relationship between mold exposure and human health is not clearly defined [19]. Since 

exposures to bioaerosols do not have threshold limits [20, 21], there is a need for assessment of its health 

impacts, due to their complexities [22, 23]. 

 Based on the different studies conducted on microbial indoor air quality, various standards for accepted 

levels of fungal contamination have been formulated [24-28]; however, there is no unified international 

guideline for the acceptable quantities of the fungal load [29]. Swedish requirements have set 300 colony-

forming units of fungal spores in one cubic-meter space (CFU/m
3
) as acceptable fungal contamination in an 

indoor environment [24]; The Netherlands Research Methods in Biological Indoor Air Pollution (1989) declared 

that over 10
4
 fungal CFU/m

3
 or the amount of over 500 CFU/m

3
 of a particular species of mold as dangerous for 

health [27]. The American Industrial Hygiene Association (AIHA) (2001) published a proposition of guidelines 

indicating that residential buildings should not exceed more than 250 CFU/m
3
 and commercial buildings should 
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have lesser than 250 CFU/m
3
 [28]. Countries such as Brazil, Hong Kong, and Singapore require the following 

levels: 750 CFU/m
3
, 500 CFU/m

3
 and another 500 CFU/m

3
 respectively, to classify the microbial load of indoor 

air as excellent [25, 26]. However, even with these given set of values, the Philippines has not yet published nor 

proposed its own acceptable levels of fungal contamination in monitoring indoor air quality. 

 Given its location in the Pacific typhoon belt, the Philippines has been having a combination of high 

incidence of environmental hazards primarily that of typhoons and floods [30], one of which was Typhoon 

Washi (Local Name: Sendong) last December 2011. Post-disaster evaluation specifically evaluation of air 

quality of flooded residences of Iligan City, being one of the highly affected and flooded areas, should have 

undergone a post-disaster hazard investigation including evaluation of indoor air quality of flooded buildings 

and residences. The flooding which occurred may have facilitated accelerated mold growth compromising the 

safety of indoor environments as observed in post-hurricane Katrina New Orleans, United States of America 

wherein there was an increase in reports of adverse health effects due to sensitization as attributed to moldy 

environment [17]. This research was therefore conducted as an initial indoor air quality evaluation of post-flood 

residences in the seven areas of Iligan City. 

 

MATERIALS AND METHODS 

 

Study Area: 

 The study was conducted in the seven areas which were mainly devastated during the Typhoon Washi in 

Iligan City namely: Hinaplanon, Upper Hinaplanon, San Roque, Santiago, Bagong Silang, Luinab and Santo 

Rosario. Using stratified random sampling method, seventy-seven houses severely affected by the flooding and 

a control-group of ten unflooded houses were assessed. 

 

Determination of Indoor Air Mold Contamination Using the Gravitation or Settle-plate Method: 

 The quality of the indoor air in terms of fungal contamination was investigated using the Modified Koch 

Sedimentation Method [31, 3]. The collection of the samples for airborne fungal flora was performed using 

3M™ Petrifilm™ Yeast and Mold Count Plates and was prepared as specified by the manufacturer [32]. 

 Each petrifilm was positioned in a location where airflows converge or are excessively turbulent as 

suggested on Guidelines on Test Methods for Environmental Monitoring for Aseptic Dispensing Facilities [33].  

 The petrifilms were exposed to indoor air for fifteen minutes as suggested by the manufacturer [32], after 

which were placed inside disinfected plastic containers and were taken to the microbiology laboratory for 

incubation. The incubated samples were checked for growth at days two, three, and five for the observation of 

any color change which was used in the final interpretation of results. 

 The mold colonies on the petrifilm were identified from other microbial colonies using the following 

characteristics: (1) large colonies ranging from 0.4 to 4 centimeters (cm), (2) colony with diffuse edges, (3) 

colonies appear flat with variable color of mycelia, and (4) usually have a focus in the center of the colony [34]. 

 The total number of fungal microflora present in the area was expressed as colony-forming units per cubic 

meter (CFU/m
3
) which were projected according to the Polish Standard equation [35]: 

CFU/m
3 
= a · 10000/p · t · 0.2 

 
where:   

 CFU/m3 - colony-forming units per cubic meter 

 a - the number of colonies on the petrifilm 

 p - the surface area of the petrifilm 

 t - the time of the petrifilm exposure 

 

Housing Condition and Household Mold Contamination: 

 The indoor air sampling commenced simultaneously with a guided interview which mainly included queries 

on basic information about the dwellings and post-flood sanitary practices. The relationship between the 

ambient house temperature which was measured using the laboratory thermometer, and the quantified mold 

count (CFU/m
3
) was examined by Spearman Correlation Analysis [36] which was later employed to test for the 

association of variables [37].  

  
Results: 

Olfactory and Visual Assessment of Mold Contamination: 

 All of the seventy-seven residences are generally made of concrete with evidences of floodwater stains 

which appeared as horizontal stains despite being subjected to series of rehabilitation processes.  

 Only 22 (29%) of the houses had visible mold growth while 48 were reported by the owners for the 

presence of stale, or moldy and damp smell. Majority of the respondents (96%) have reported that the presence 

of odors have started to exist approximately a month after the flooding.  

 The independence of the presence of moldy odor and that of visible mold contamination was evaluated 
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using the Fisher’s Exact Test. The analysis was done using the software Graph Pad Prism 5, which produced a 

P-value of <0.0001 which is a statistically significant numerical association. 

 

Determination of the Degree of Viable Mold Contamination (CFU/m
3
): 

 The FUNGAL colonies which have been checked for growth on the petrifilms after five days of incubation 

were then quantified and recorded. Table 1 displays the tabulated degree of mold contamination inside the 

properties.  

 
Table 1: Fungal load of the flooded and non-flooded residences of Iligan City. 

Area Percentage of Houses with Growth of Viable Mold Contaminants (n/N) Percentage of Houses with 

Mold Colonies >500 CFU/m3* 

(n/N) 

Hinaplanon 100% (33/33) 85% (28/33) 

Upper Hinaplanon 85% (11/13) 82% (9/11) 

San Roque 100% (9/9) 100% (9/9) 

Santiago 88% (7/8) 100% (7/7) 

Bagong Silang 100% (5/5) 100% (5/5) 

Luinab 100% (5/5) 100% (5/5) 

Santo Rosario 100% (4/4) 100% (4/4) 

Control Group 100% (10/10) 100% (10/10) 

Legend: n - corresponding number of houses with specified viable mold growth per area 

 N - total number of representative flooded houses per area 

 * -Hong Kong standard level for indoor mold contamination 

 

 Among the 77 samples collected, 74 (96%) petrifilms exhibited growth of mold colonies. From the subset 

of the number of mold-contaminated petrifilms obtained from the flooded houses, 70 (91%) exhibited 

proliferation of colonies exceeding the 500 CFU/m
3
-mark, and counts ranged from 1000 CFU/m

3
 to 11,000 

CFU/m
3
. The remaining 7 households (9%) yielded fungal colonies with equal to or less than the adapted 

standard of 500 CFU/m
3
 from the Hong Kong indoor air quality legislation. 

 As what had been obtained from the quantified amounts from the flooded residences, 96% (74/77) have 

exceeded the current Swedish requirements of 300 CFU/m
3
 (Abel et al., 2002). On the other hand, the proposed 

guideline of American Industrial Hygiene Association (AIHA) (2001) of 500 CFU/m
3
 [28] has been superseded 

by 87% (67/77) of the samples. Brazil’s guideline for excellent indoor environment, which involves a higher 

level of total amount of airborne specifying 750 CFU/m
3
 of fungal spores in enclosed spaces [25], had been 

exceeded by 96% (74/77) of the indoor air samples. 

 The control group which consisted of 10 non-flooded houses also exhibited high degrees of mold 

contamination wherein almost all the samples were either equal to or greater than the adapted indoor air 

standards. 

 

Demographic, Structural Status and Viable Mold Contamination: 

 The correlation between the number of household occupants and the recorded fungal colony forming units 

per household was computed using the Spearman’s Rank Correlation Coefficient resulting in a Spearman’s r 

which is -0.1134. This indicates that there is no significant correlation between the numbers of occupants to the 

amount of fungal contaminants quantified from the indoor environment.  

 The independence of mold growth from the years of usage of the houses was determined using the Fisher’s 

exact test (95% confidence interval) with a calculated P-value of 0.1631. This result indicated no significant 

difference between these two variables implying that the amount of viable mold contamination is independent 

from the number of years the house has been in use.  

 The average measured ambient temperature obtained from the houses is 32.04°C, and the tabulated 

measurements were tested to find whether a correlation exists between this variable and the quantified mold 

colonies. Using the statistical software Graph Pad Prism 5, the resulting computed Spearman’s r with a 

significance level of 95% is -0.2561, which means that there exists a negative correlation between the said 

variables. Hence, implicating that in every increase in temperature is a corresponding decrease on the level of 

mold colony count. 

 

Post-Flood Clean-up and Viable Mold Contamination: 

 Thirteen days after the flooding, seventy-eight percent (60/77) of the respondents were able to rid their 

houses of mud and water. The other 22% (17/77) were not able to do the clean-up after fourteen days, 12% of 

which (2/17) were not even able to commence the cleaning sixty days after the incident. 

 The occupants whose houses were immersed on the floodwaters used water, soap, and disinfectant as basic 

cleaning procedure (44% of the sampled houses). Water and soap came were used by 31% (24/77) and 25% 

(19/77) of the households made use of water only for cleaning their houses.  

 The Chi-squared analysis indicated a statistically significant value for 4000 colonies yielding a P-value of 
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0.0033. This result may suggest that their clean-up method has an effect in an indoor microflora having a 4000-

CFU/m
3
 value (Table 3).  

 
Table 3: The type of clean-up procedure and mold colony forming units (CFU/m3). 

Variable Mold Colony Count (CFU/m3) 

<4000 >4000 

Frequency (%) 

N=77 

Frequency (%) 

N=77 

Utilized Cleaning Method (P-0.0033*)     

Water 15 (19.48%) 4 (5.19%) 

Soap, and Water 15 (19.48%) 9 (11.69%) 

Soap, Disinfectant, and Water 33 (42.86%) 1 (1.30%) 

Legend: * - Computed P-value using Chi-Square Analysis 

 

Discussion: 

 There was an observed existing significant numerical association between mold contamination and the 

presence of musty odor observed in each of the flooded houses included in this study. This is in conformity with 

the results of the study conducted by Reponen et al. [41] that the microbial concentrations were not consistently 

associated with the visible mold damage categories, rather, indicated that these mold microflora concentrations 

were consistently higher in homes with moldy odor. 

 This study adapted the indoor air mold contamination standard level from Hong Kong which is 500 

CFU/m
3
. It was observed that majority of the flooded houses as well as the samples obtained from properties 

which were not included in the devastation of the Typhoon Sendong catastrophe, was beyond the adapted Hong 

Kong standards. However, the viable mold contaminations in flooded indoor environments were significantly 

higher than those which were not flooded. It is despite the fact that the results acquired from the control group 

displayed ranges more than the adapted 500 CFU/m
3
. 

 As cited by Roussel et al. [42] increased concentrations of airborne mold include environments which are 

situated on the ground floor of multiple-story residences which lack proper ventilation systems [43]. This is true 

for the study as the indoor air quality evaluated for all the houses were specific for the living rooms which were 

situated on the ground floor of the dwellings.  

 The high amounts of mold colony growth among the majority of the residences (91%) may possibly be 

supported by a study conducted by Klanova and Drahonovska [44]. Upon the completion of the said research 

done on indoor environments such as dwellings, classrooms, and offices, it was found out that the highest 

concentrations of fungi were detected in the dwellings, rather than the last two enumerated sites. Exposure to 

excessive water leakage and floods, such as that which was brought by Typhoon Sendong, was included in the 

housing characteristics cited by the Department of Housing and Urban Development (HUD) [45] to be one of 

the cause of increased moisture levels, and subsequent growth of mold microflora. 

 The aforementioned study [44] has then provided possible evidence which may reinforce and establish the 

results of this research at hand which included the high amounts of mold colonies as gathered from the flooded 

residences of Iligan City. Materials such as wood which is used as secondary resource for the construction of the 

houses, most especially in the considered sampling sites of this study, had been cited by the Wisconsin 

Department of Health Services [46] and the Wood Truss Council of America (WTCA) [47] to be of high 

sustenance to mold as the said fungal microflora feed of the sugars and starches that are found on the surface of 

the wood itself. 

 The degree of mold contamination for every household in terms of quantified fungal colonies and observed 

visible mold growth were identified to be of no significant relationship with the number of occupants in the 

houses under study. This result opposes the claim given by the Institute of Medicine, Washington D.C. (2004) 

that indoor air mold contamination may be facilitated by the household occupants as mold spores and fragments, 

which can be found in floor dust and carpets, have high probabilities of being aerosolized due to the disturbance 

possibly brought about by reconstruction and remodeling activities as were true of the households during the 

study [48, 49]. This therefore indicates that there is a need for the carrying out of longitudinal surveys, which 

may yield results which could probably explain the relationship of the number of dwellers and its possible effect 

on the number of indoor air fungal count. 

 There was no observed statistically significant association between the usage of the houses in years, and the 

visibility of mold growth as well as the number of mold contaminants in CFU/m
3
. This relationship, although 

dissimilar to the results of the study conducted by Hägerhed-Engman et al. [50], is of the same outcome as that 

of Haas et al., [51]. 

 The previously mentioned study, as cited [43] determined that flat-roofed and older houses, built in the 

1960s, and 1970s, and those which have a concrete slab on the ground that were built before 1983, were all 

associated with one or more of the dampness indicators. Palaty [43] also cited from a journal by Tranter et al. 

[52] that floor covering makes a difference in terms of the amount of insect present in the total amount of dust 

collected during its sampling. From the same journal, it was also observed that rooms with carpets do have more 
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mold spores than those without floor covers. This correlation cannot, however, be determined, since all of the 

flooded houses which were included during the investigation of the presence of mold contamination in indoor 

settings, did not employ carpets which may possibly harbor the contaminants, as what had been mentioned by 

the previous authors. 

 There was also a negative correlation between the ambient temperature of the houses and the fungal 

colonies (CFU/m
3
). Temperature, as a factor considered in this study, was presented in a research done by 

Kumar et al. [36] to be of no significant correlation with the concentration of microbial concentration which 

include fungi and bacteria. It was in another experiment [53] that thorough analysis of weather conditions was 

done, wherein it was observed that the increase in temperature supported a rise of microorganism 

concentrations. Together with nutrients, temperature may not have been pointed out to be critical in the growth 

of fungal microflora; however, they may still affect the growth and the production of certain allergens and 

metabolites [48, 54]. 

 The days of stay of mud and debris, signifying dampness and increased level of moisture in the flooded 

houses was found to have a nonlinear relationship to that of fungal colony-counts (CFU/m
3
) quantified.  

  

Conclusion: 

 Based on the results obtained, the indoor air quality specifically fungal load is extremely beyond the 

published and acceptable standards of what is considered fit for living.  

 The degree of mold contamination for every household (CFU/m
3
) and observed visible mold growth were 

of no significant relationship with the number of occupants in the houses under study. There was no observed 

statistically significant association between the usage of the houses in years, and the visibility of mold growth as 

well as the number of mold contaminants in CFU/m
3
. There was a negative correlation between the ambient 

temperature of the houses and the fungal colonies (CFU/m
3
), and there was an observed existing significant 

numerical association between mold contamination and the presence of musty odor observed in each of the 

flooded houses included in this study. The duration of stay of mud and debris, signifying dampness in the 

flooded houses was found to have a nonlinear relationship to that of fungal colony-counts (CFU/m
3
).  

 There is therefore the need for the attention of the authorities not only on the short-term outbreaks of 

infectious diseases which victims usually acquire after flooding catastrophes, but also, a focus on the long-term 

after-effects of the said environmental phenomena. Public health must be of great concern, particularly in indoor 

environments such as workplaces, schools, and most especially, dwellings, wherein majority of the time of an 

individual is spent. Longitudinal studies must also be done, so as to ensure more conclusive results between the 

relationship of the number of occupants inside the aforementioned residential structures and its possible effect 

on either the increase or decrease in the number of viable mold contaminants. 

 It is highly recommended that future researches of the subject area as that of this study must be conducted 

and must specifically include not only the quantification but also the identification of the species of the mold 

contaminants for more specific categorization and assessment of the degree of contamination of the said indoor 

environments. The identification of the mold species may also provide information on the associated diseases 

and would thus indicate the appropriate preventive measures against the proliferation of the particular fungal 

species. This could be necessary in the evaluation of the safety of the houses, in terms of the residences’ 

habitability, given the presence of these contaminants.  

 Legislations regarding indoor air quality and sanitation, not only in terms of mold contamination, but also in 

terms of the other bioaerosols which are deemed essential for human health, must be formulated by the offices 

for sanitation and health in the Philippines, to serve as basis for the maintenance of the well-being of its 

residences. The recommended policies such as those mentioned above must also be pushed-on regardless of the 

presence or absence of environmental catastrophe including flooding. Reverberation of the health risks of indoor 

air contamination of the aforementioned bioaerosols is also necessary for the public’s awareness regarding the 

matter, whether they have been post-disaster outcomes or not. 
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