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1. Introduction 
VanDriel OHS Consulting (“VOHS”) was retained by School District 83 to perform an indoor air quality 
investigation at Parkview Elementary (605 Parksville Street, Sicamous, BC). Due to a recent odour 
complaint by students and staff. The odour was described as musty and similar to a wet basement smell 
or spoiled food. This was clarified once the maintenance staff and Manager of Facilities and Grounds 
conducted a walkthrough to identify any remaining source of the odour found on the day of the odour 
complaint. After all cleaning efforts, the school district found traces of the odour remaining in the supply 
closet of the west wing and in the single-stall washroom in Room 2 (Kindergarten) with a broken toilet. 
The odour was also found on the new mops used to clean the school after the old mops were disposed 
of. Reported symptoms believed to have been caused by this odour included headaches and upper 
respiratory tract irritation. 
 
Efforts to remove the source of the odour by the school district and remediation contractors included 
removal of all contents from classroom 4, isolating of the main entryway into the corridor of the west 
wing using polyethylene sheeting, and installation of humidifiers in the crawlspace under classroom 3, 
classroom 4, classroom 5 and the west corridor. By October 2, 2019, efforts also included the use of 
biocides to clean known areas with suspected fungi growth.  
 
This report covers the culturable samples of fungi collected at the school on October 2, 2019. 
 

 
Figure 1: Floor plan of Parkview Elementary. Not to scale. 
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2. Investigation Method 

2.1 Air Samples 
On October 2, 2019, culturable samples of fungi were collected to aid in assessing the indoor air quality 
of the school. 
 
Eight samples were collected throughout the building to determine the amount of culturable fungi in the 
air. These samples were collected from the following locations:  
 

1. Outdoor – East Entrance 
2. Outdoor – Main Entrance  
3. Ceiling –  Central  
4. Ceiling – West  
5. Classroom 20   
6. Supply Closet – West   
7. Supply Closet – East  
8. Crawlspace – under Stockroom  

 
Air was drawn through an Andersen n-stage sampler and collected onto a malt extract agar (MEA) plate 
at 28.3 L/min for 7 to 15 minutes depending on the location. At this flow rate, particles above 0.65 μm 
diameter will go through one of the 400 evenly spaced holes and make contact with the agar plate, and 
spores that make it onto the agar will grow on the MEA. The flow rate was measured before sample 
collection using a primary flow calibrator, Defender 510 (Mesa Laboratory Inc., Butler, NJ). Appendix A 
has the calibration certificate for the flow calibrator. 
 
The samples were incubated at room temperature for 2 weeks such that colony forming units of fungi 
(CFU) are visible under a microscope and identifiable based on their morphology. An additional correction 
must be done to account for the loss in the number of viable CFU should there be more than one CFU that 
landed through the same hole based on Monte Carlo simulations for up to 400 CFU on the agar (Macher, 
1989). 

2.2 Swab Samples 
A swab sample was collected from the soil sample in the crawlspace underneath Room 3 from September 
18, 2019. Another swab sample was collected from the soil in the crawlspace underneath the stockroom 
from October 2, 2019. As it was reported by the Manager of Facilities and Grounds that the odour was 
strongest in the single-stall washroom in Room 2 and the supply closet in the west wing, swab samples 
for culturable fungi was collected from the dirt in the crawlspace.  
 
The swab contents are collected into a liquid media so that it can be transferred onto several MEA 
plates. The sample was incubated at room temperature for 2 weeks such that colony forming units of 
fungi (CFU) are visible under a microscope and identifiable based on their morphology. This method 
includes speciation of Penicillium, Aspergillus, Cladosporium, and Stachybotrys species. Several plates at 
different dilution levels to determine the relative concentration of CFU in the swab. 
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3. Analysis of Culturable Samples 

3.1 Air Samples 
For the air samples, the indoor culturable samples are compared with the outdoor culturable samples by 
counts and genus to evaluate whether there is a source of fungi that is not typical of the outdoor 
environment and is growing indoors. 
 
To compare the results with those of previous culturable airborne samples, a chi-squared test was done 
to show the difference between the outdoor samples and the indoor samples. A chi-squared test involves 
comparing two groups of discrete values (such as counts of CFU) to determine whether the two groups 
differ based on what is observed (or measured) and what is expected (i.e. the proportion of values 
between the two groups). As per statistical convention, a p-value (the probability that the results observed 
is random given that the trend being observed is truly random) below 5% (or α = 0.05) means that there 
is a significant difference between the proportion of the two groups of samples. As there are only two 
groups for comparison of the proportion of fungi, the comparison can only change with one degree of 
freedom (df), that is, the result of one fungal genus leaves only one possible result for the other. 

3.2 Swab Samples  
The swab culturable sample was used to indicate if any fungi were growing in the dirt of the crawlspace 
and to identify anything that may be associated with a source of the fungi. 

4. Results and Interpretation 
Appendix B contains the laboratory results. Appendix C contains the laboratory chain of custody form. 

4.1 Air Samples 
Results from the air samples collected in Room 20, from the ceiling spaces the two supply closets showed 
lower fungal concentration than the outdoor samples (Table 1). The sample collected from the crawlspace 
showed almost equal concentration of fungal CFU, double the concentration of Penicillium and four times 
the concentration of Cladosporium as ccompared to the outdoor samples. This suggests that the 
crawlspace is a likely source of fungal growth at the school. The chi-squared test shows a trend that the 
crawlspace may have a different community of fungi that can grow there than the outdoor environment 
(Table 2). This trend is not statistically significant, which is likely due to the low CFU detected. When the 
conditions in the crawlspace allow more spores to be generated (such as the period after a rainfall), there 
may be a trend showing that there is a difference between the community in the crawlspace and the 
outdoor environment. Due to the lack of recent rainfall, other locations may also show positive result due 
to the low counts, which may not have captured all the possible fungi community that exists in the space, 
thus skewing the results. 
 
Results from the west supply closet showed Aureobasidium sp., indicating that there had been damp soil 
in the area. The source of the damp soil is most likely from the floor drain, where there may be damp 
soil that have collected in the drain.  
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Aureobasidium sp. was also detected in the swab sample of dirt collected in the crawlspace in the west 
wing during the investigation (Table 3). This suggest that the crawlspace area was recently wet. 
 
The swabs in the west and east supply closet drains found Fusarium sp. (Table 3), which grows 
abundantly in soils and near plants. It suggests that there is a lot of dirt that may have ended up in the 
drains. This is typical of a space meant for collecting the wastewater from cleaning the school’s interior. 
However, some drains collected more dust than others, thus increasing the fungal spores that were 
collected on the swab. 
 
Table 1: Counts of Colony Forming Unit (CFU) and Relative Amount of Culturable Fungi (%) of Air Samples at Parkview 
Elementary. 

 
Outdoor  

East 
Entrance 

Outdoor 
Main  

Entrance 

Ceiling  
Central  

 

Ceiling  
West  

 

Classroom 
20   

 

West 
Supply 
Closet  

East 
Supply 
Closet  

Crawlspace 
under 

Stockroom  
Actual Total 
Count (CFU) 17 8 8 10 10 9 11 18 

Corrected Total 
Count (CFU) 17.4 8.1 8.1 10.1 10.1 9.1 11.1 18.4 

Concentration 
(CFU/m3) 61.5 30.3 27.5 35.6 23.7 21.2 24.7 60.3 

Aureobasidium 
sp. (%) 0 0 0 0 0 22.2% 0 0 

Alternaria sp. 
(%) 0 12.5% 0 0 0 0 0 0 

Arthrinium  
sp. (%) 0 37.5% 0 0 0 0 0 0 

Aspergillus 
sp. (%) 0 0 0 0 0 0 0 5.6% 

Botrytis sp.  
(%) 38.5% 0 0 20% 0 0 0 0 

Cladosporium 
sp. (%) 5.9% 12.5% 0 10% 10% 0 18.2% 22.2% 

Geotrichum 
sp. (%) 0 0 0 30% 0 0 0 0 

Gliocladium  
sp.(%) 0 37.5% 0 0 0 0 0 0 

Paecilomyces 
sp. (%)  0 0 0 0 0 0 9.1% 0 

Penicillium sp. 
(%) 47.1% 0 50% 40% 40% 0 27.3% 72.2% 

Rhodotorula sp. 
(%) 0 0 0 0 0 0 45.5% 0 

Sterile colony 
(%) 17.6% 0 50% 0 50% 77.8% 0 0 

Rounding may lead to a total percent of CFUs slightly above or below 100%.  
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Table 2: Chi-squared test of Penicillium sp. and Cladosporium sp. CFU from samples collected at Parkview Elementary. 

Comparison groups Chi-squared (χ2) p-value (df = 1) 
Crawlspace (Stockroom) to Outside East Entrance 0.58 0.44 
Crawlspace (Stockroom) to Outside Main Entrance 2.75 0.09 
West Supply Closet to Outside East Entrance N/A N/A 
West Supply Closet to Outside Main Entrance N/A N/A 
East Supply Closet to Outside East Entrance 1.59 0.21 
East Supply Closet to Outside Main Entrance 1.2 0.27 
Room 20 to Outside East Entrance 0.2 0.65 
Room 20 to Outside Main Entrance 2.4 0.12 
Central Ceiling to Outside East Entrance 0.48 0.49 
Central Ceiling to Outside Main Entrance 5* 0.02* 
West Ceiling to Outside East Entrance 0.21 0.65 
West Ceiling to Outside Main Entrance 2.4 0.12 

N/A: Indoor sample did not contain Cladosporium sp. and Penicillium sp. *skewed result from low CFU. 

Orange bold suggests a trend of significant difference  
 
Table 3: Total Colony Forming Unit (CFU) per swab and Relative Amount of Culturable Fungi (%) of Swab Samples at 
Parkview Elementary. 

Location CFU per 
swab Penicillium Cladosporium Fusarium Other 

Crawlspace (Room 3) 320 0 0 62.5 

Aureobasidium 
pullalans = 31.25 

Trichoderma koningii = 
6.25 

Crawlspace 
(Stockroom) 90 11.1 0 0 

Engyodontium sp. = 
11.1% 

Sterile mycelia = 77.8 
Drain - West Supply 
Closet 1700 0 58.8 41.2 0 

Drain cover - West 
Supply Closet 30 0 33.3 66.7 0 

Drain – By water 
boiler in West Supply 
Closet 

190000 10.5 10.5 0 
Acremonium sp. = 15.8 

Paecilomyces sp. = 
63.2 

Drain - East Supply 
Closet 600 0 0 100 0 

Toilet sink - Room 2 300 0 0 0 Exophiala sp. = 100 
 
It was reported that there was a heavy rainfall the day before the odour was detected in the school. Since 
the crawlspace may have a different fungal community than the outdoor environment, it may generate 
an odour that would differ from the outdoor environment when the crawlspace becomes wet. As 
Penicillium sp. is what is most associate with bread fungi, it is possible that the odour of rotten food 
detected by those who arrived first at the school came from the Penicillium growth in the crawlspace 
when the crawlspace became wet or damp. 
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5. Recommendations 
The crawlspace must be kept dry to prevent further odour complaints due to the crawlspace becoming 
wet. A long-term recommendation is to finish the crawlspace floor surface with concrete removing the 
potential for soil/sand from harvesting mould growth and preventing water penetration into the crawl 
space. 

6. Reference 
Macher, J. M. (1989). Positive-hole correction of multiple-jet impactors for collecting viable 

microorganisms. American Industrial Hygiene Association Journal, 50(11), 561-568. 
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Appendix A: Certificate of Calibration  
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Appendix B: Laboratory Result 
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Appendix C: Chain of Custody Form 
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