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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 staff and students in the west wing of the school were relocated to 
the east side of the school. 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 mould growth. 

2. Investigation Methodology 
Two investigations were performed. The first investigation, conducted on September 19, 2019, utilized 
several methods to assess the indoor air quality of the school, as reported in “Preliminary Indoor Air 
Quality Investigation Report for Parkview Elementary School” and “Preliminary Report on Mould Culture 
Samples at Parkview Elementary”. The focus of this investigation was on the west wing of the building 
for several potential indoor air quality contaminants with the exception of viable airborne mould spores 
which will be reported in a separate report once results are available. Informal interviews with the 
school Principal and Manager of Facilities and Grounds were held to obtain information on the odour 
and complaints reported by the occupants of the school.  
 
The second investigation, conducted on October 2, 2019, utilized the same methods as the first 
investigation, in addition to the use of gas monitors, which were used to further assess the indoor air 
quality of the school. Unlike the previous investigation, efforts were made to mimic some of the 
conditions on the day of the incident when the odour was detected. This included not having the 
ventilation operational and having no occupants within the building.  

2.1 Gaseous Contaminants 
On October 2, 2019, a gas monitor, MultiRAE (RAE Systems, San Jose, CA), with a photoionization 
detector (PID) for detecting a variety of volatile organic compounds (VOCs) and sensors for nitrogen 
dioxide (NO2), nitric oxide (NO), and sulfur dioxide (SO2) was used. An additional gas monitor, GasAlert 
Max XTII (BW Technologies Ltd, Lincolnshire, IL), with sensors for hydrogen sulfide (H2S), carbon 
monoxide (CO), oxygen (O2), and explosive gases measured as the lower explosive limit (LEL) was also 
utilized. These two gas monitors were carried by the VOHS representative while conducting a 
walkthrough of each section of the school building for approximately two hours. Once a similar odour as 
the one originally reported was detected by district representatives, these monitors were placed inside 
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areas for direct reading measurements. This occurred in the supply closet in the west wing and the east 
wing. The calibration certificate of the MultiRAE is available in Appendix B. 
 

 
Figure 1: Not to Scale floor plan of Parkview Elementary.  
 
As ambient air quality standards are very stringent for indoor air quality, a value above 10% of the 
WorkSafeBC Occupational Exposure Limits is used as an indicator of a source of these gases, except for 
carbon monoxide where (9 ppm) is used per indoor air quality guidelines. These values are listed in 
Table 1 for reference. 
 
Table 1: Indicator concentration for indoor air contaminants. 

Contaminant Indicator concentration 

Carbon monoxide (CO) 9.0 ppm 

Nitric oxide (NO) 2.5 ppm 

Nitrogen dioxide (NO2) 0.1 ppm 

Hydrogen sulfide (H2S) 1 ppm 

Sulfur dioxide (SO2) 0.2 ppm 

2.2 Volatile Organic Compounds 
On October 2, 2019, four 1.4 L evacuated gas canisters were placed in four locations throughout the 
school. The canisters had a regulator that maintained constant air flow into the canister for 240 minutes. 
The locations include: 
 

1. the crawlspace entrance near the stockroom, 
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2. the east corridor, 
3. room 16 (classroom), and 
4. the supply closet in the west wing, where the odour of concern was reported to be strongest at 

the time of sampling. 
 
The contents were analyzed by US Environmental Protection Agency (EPA) Method TO-15, which 
analyses the contents of the canister for a variety of volatile organic compounds (VOCs). The analysis 
involves putting the air through a gas chromatograph, which separates the gaseous components by their 
boiling point and mass, and a mass spectrometer, which blasts the gaseous components with ions. 
These two processes generate very identifying features specific to each molecule. The response related 
to these specific features can be correlated with a laboratory standard of known concentration to yield a 
concentration in the sampled air. A search of the library of 79 common VOCs known in the TO-15 
method, along with a search of common indoor air contaminants for these identifying features was 
undertaken to determine which VOCs were present and the concentration within the gas canister. A 
total volatile organic compounds (TVOC) concentration is also computed by the summation of all known 
response peak and all unknown response peaks assuming that it has the same molecular weight as 
toluene. 
 
The European Commission Report 19 entitled Total volatile organic compounds (TVOC) in indoor air 
quality investigations recommends a guideline limit of 300 μg/m3. Above this level, there is likely to be 
some complaints of odour issues and respiratory irritation. Given the many VOCs in existence, there may 
be no effect that come about despite exceeding the guideline, but the limit of 300 μg/m3 of TVOC is an 
indicator of a possible issue. 

2.3 Tape Lift Mould Samples 
On October 2, 2019, samples were collected based on the reported areas where remediation efforts 
were made or where mould growth was thought to have occurred. Tape lift samples included two water 
damaged areas in the west wing crawlspace and in the ceiling space above the central corridor. 

2.4 Non-viable Airborne Mould Spore Samples 
On October 2, 2019, spore samples were collected onto Air-o-Cell cassette. Air was drawn through the 
cassette using a Zefon Air-o-Cell Biosampler at a constant flow rate of 15 L/min. Samples were collected 
at the same locations where culturable mould samples were collected, which included the crawlspace, 
supply closet, the corridor, classroom, a ceiling space, and the office area for a total of 10 minutes. An 
outdoor sample was collected for comparison purposes. Fungal spores trapped in the Air-o-Cell cassette 
were counted and identified by their morphology at various locations of the Air-o-cell filter following the 
American Society for Testing and Materials (ASTM) D7391 Standard. Indoor samples were compared 
with the outdoor samples based on the count and morphology of spores. A determination of the 
amount of background particulate matter was also made, ranging from 1 (very low) to 5 (very high), to 
determine whether there are other substances that may be present in the environment. Appendix B 
shows the calibration certificate of the bio-sampler. 
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3. Results and Interpretation 
Appendix D contains the laboratory results for VOC and mould tape and bulk samples. Appendix E 
contains the laboratory chain of custody forms. Appendix F contains the air sample data sheets. 

3.1 Gaseous Contaminants 
NO2 was detected between 0.1 to 0.3 ppm inside the school, while the outdoor concentration was 0.2 to 
0.4 ppm. As NO2 reacts slowly with water to form nitric acid (HNO3), the amount of NO2 eventually 
decreases from the environment. Therefore, the source of the NO2 within the school does not come 
from a source inside the school. 
 
NO, CO, H2S and SO2 were not detected at any time throughout sampling above 0.5 ppm, 9.0 ppm, 0.5 
ppm, and 0.05 ppm respectively. O2 was around 20.9%. The VOC sensor did not detect anything above 
0.5 ppm, or 1800 μg/m3 as toluene equivalent VOCs at 25 °C and 101.325 kPa. The LEL sensor did not 
detect any explosive material reaching above 0.5% of the LEL. Therefore, there was no significant source 
of these gaseous contaminants in the school. 

3.2 Volatile Organic Compounds 
The VOCs detected in the gas canisters are listed in Table 2. 
 
Table 2: Known Volatile organic compounds detected in the west wing corridor of Parkview Elementary in parts per 
billion (ppb). 

VOC (ppb) East 
corridor 

Crawlspace 
under 

stockroom 

Supply 
Closet Classroom 

Acetone 4.3 4.9 8.5 5.9 

Benzaldehyde 1.1 -- -- 1.0 

n-Butane 0.87 1.1 4.0 1.5 

Chloromethane 0.51 0.65 -- -- 

Cyclohexane, butyl- -- -- 1.1 -- 

Cyclohexane, propyl- -- 1.9 -- -- 

Decane 1.8 2.3 4.6 1.4 

Decane, 4-methyl- 1.0 -- -- -- 

Ethane, 1,1-dichloro-1-fluoro- 1.9 1.5 1.0 3.5 

Ethane, 1,1-difluoro -- -- -- 1.0 

Ethanol 7.7 19 11 12 

Ethyl acetate -- 0.57 -- -- 

Freon 12 
(dichlorodifluoromethane) 5 0.55 2.1 10 

Isopropyl alcohol 5.9 5.8 8.8 5.2 
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VOC (ppb) East 
corridor 

Crawlspace 
under 

stockroom 

Supply 
Closet Classroom 

Nonane 1.0 -- 1.5 -- 

Nonane, 4-methyl- 3.6 -- -- -- 

Pentane 2.5 -- 6.7 1.8 

Propane -- -- 3.2 -- 

Toluene -- -- 0.72 -- 

Undecane -- -- 1.2 -- 

Xylene -- -- -- 1.1 

Total VOC (μg/m3) 140 100 210 150 
Unknown hydrocarbons with known molecular weight and retention time in the gas chromatograph are not listed. 

 
On October 2, 2019, similar VOCs were detected at similar concentrations at the four other locations, 
suggesting that the products containing VOCs at the school were releasing these as vapors. The supply 
closet sample contained a few other unknown hydrocarbons, which are expected to be in the cleaning 
agents in the room. As the VOC amounts are all less than 300 μg/m3, the exposure to these VOCs are not 
expected to contribute to the indoor air quality issue at the school. 
 
Ethanol, acetone, isopropyl alcohol, and ethyl acetate are found as either solvents for products such as 
cleaning agents, personal care products, nail polish remover, some perfume/cologne. Chloromethane 
may off-gas from rubber and silicone products and may also be included as a refrigerant. Benzaldehyde 
is a preservative in some food products, cosmetics and degradable building materials, such as caulking. 
Based on TVOC readings, these are not likely to have caused any irritating symptoms.  
 
Freon 12, 1,1-dichloro-1-fluoroethane, and 1,1-difluoroethane are used as refrigerant or heat exchange 
fluid but do not have observable adverse effect to human health at the identified concentration. It is not 
associated with respiratory irritation. 
 
Toluene and xylene are used as a solvent in building materials, such as paints, paint thinner, adhesives. 
Pentane, propane, and butane are added as a solvent in some building materials, adhesives, and 
aerosolized personal care products (e.g.: shaving cream spray). Cyclohexanes are used in the production 
of or used in industrial processes for making lacquers, resins and synthetic rubber. Decane, undecane, 
and nonane are found in heavier fuels, such as diesel and jet fuel. These are associated with headache 
and nausea symptoms. 
 
A surface conditioner for the self-adhesive membranes used for the new roof installation includes IKO 
self-adhering membrane adhesive. The components include hydrotreated light naphtha, acetone 
toluene, and solvent-refined heavy paraffinic petroleum distillate (See Appendix G for the safety data 
sheet). This accounts for the observed presence of acetone, propane, butane, pentane, cyclohexanes, 
nonanes, decanes, undecane, toluene, and xylene. 
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All VOCs identified correlate with products used in the recent roof replacement project, cleaning 
products onsite, and refrigerant slowly leaking.  

3.3 Tape Lift Mould Samples 
The results of the three tape lifts are listed in Table 3. The ceiling tape sample from the central section of 
the school identified spores from outdoor fungi, such as ascomycetes, basidiomycetes, and myxomycetes. 
There were also some Cladosporium spores as well, indicating that the area received air from outdoors. 
 
Table 3: Spores identified on tape lifts on October 2, 2019 at Parkview Elementary. 

Identified groups Ceiling – Central section 
(B04) 

Crawlspace – Concrete 
(B05) 

Crawlspace – Wood 
(B06) 

Ascospores Rare Rare Rare 
Aspergillus / 

Penicillium None Rare None 

Basidiospores Rare Low Low 
Chaetomium None Rare None 

Cladosporium Rare Rare None 
Hyphal fragment None Medium Medium 

Myxomycetes Rare Rare None 
Stachybotrys / 

Memnoniella None None Rare 

Rare = 1 to 10, Low = 11 to 100, Medium = 101 to 1000 counts/area analyzed. 
 
In the crawlspace, the wet area by the sump tank pipe in the west wing and the drier area by the exposed 
plywood of the building envelope detected a large number of hyphal fragments, which is indicative of 
constant mould growth in the area. No spores were detected in high concentration on surfaces, though 
various outdoor fungi (Stachybotrys, Cladosporium, Chaetomium, Aspergillus, Penicillium, Memnoniella) 
were detected. When areas with nutrients for fungi (such as wood) do not dry up quick enough, it can 
become a suitable environment for mould growth. It is likely that the crawlspace is conducive to mould 
growth whenever the crawlspace becomes wet or damp. 

3.4 Non-viable Airborne Mould Samples 
Table 4 lists the spore concentrations at the various locations where samples were collected. The fungal 
spore concentration within indoor spaces is below the concentrations outside. The ratio of outdoor fungi 
spores and other spores are also similar, with ascospores and basidiospores (groups of fungi that can only 
grow in outdoor environments) comprising most of the spores. The exception is the supply closet in the 
east wing, which has a higher concentration of fungi spore than the outdoor samples. This is likely due to 
a lack of cleaning and an inward flow of materials from the hallway and entrance towards the closet. 
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Table 4: Spore concentration in count per cubic metre (count/m3) at various locations in Parkview Elementary. 

Location Total Aspergillus / 
Penicillium Cladosporium Ascospores / 

Basidiospore 

Other 
Outdoor 

Fungi 

Background 
particles 

Outdoor – East 
Entrance 13430 20 90 13220 100 Moderate 

Outdoor – Main 
Entrance 9830 410 200 9140 80 Moderate 

Ceiling – Central 3410 200 40 3170 0 Moderate 
Ceiling – West 1827 200 0 1600 27 Low 

Office Area 147 20 0 120 7 Low 
Classroom 20 260 0 0 260 0 Low 

Corridor – East 1600 90 20 1490 0 Moderate 
Crawlspace under 

Stockroom 1700 100 60 1520  20 Moderate 

Supply closet – 
West 940 260 0 680 0 Moderate 

Supply closet – 
East 15310 0 100 15130 60 Moderate 

 
 
Report Completed By: 
 

 
Ivan Cheung, M.Sc. 
Occupational Hygiene Specialist  
 
Report Reviewed By: 
 

 
Robin Van Driel M.Sc., CIH, ROH, CRSP  
Principal, Sr. Occupational Hygienist 
(778) 879-8009 | robin@vohsgroup.com 

 
Anna Rybczynski BSc., CRSP 
OHS Consultant 
(236) 838-8009 |anna@vohsgroup.com 

  



Preliminary Indoor Air Quality Investigation Report for Parkview Elementary School – Part 2 | School 
District 83 

 

 

 
 

VanDriel OHS Consulting | Building A Healthy Workplace 
www.vohsgroup.com 

Page 9 of 54 
 

Appendix A: Photos during Investigation 

 

Exposed plywood of the building 
envelope on the west wall of the west 

wing as seen from the crawlspace. 

 

Water stained fungal growth along the 
concrete wall of the crawlspace next to 
(and south of) the exposed plywood of 
the building envelope in the west wing. 

Sample B05 contained ascospore, 
Aspergillus/Penicillium spores, 

basidiospores, Chaetomium spores, 
Cladosporium spores, hyphal fragment, 

and myxomycetes spores. 
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Wet wood by a pipe going through the 
building envelope in the west wing 
crawlspace. Sample B06 contained 
ascospore, basidiospores, hyphal 

fragment, and 
Stachybotrys/Memnoniella spores. 

 

Damp dirt in the crawlspace under the 
stockroom after the water boiler was 

removed. Odour resembling Penicillium 
was detected from the damp dirt. 
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Water stained wood in the ceiling space 
above the central section of the school. 

Sample B04 contained ascospore, 
basidiospores, Cladosporium spores, and 

myxomycetes spores. 
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Appendix B: Calibration Certificate 
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Appendix D: Laboratory Results for VOCs, Tape and Bulk Mould 
Samples 
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Appendix E: Laboratory Chain of Custody Forms 
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Appendix F: Air Sample Data Sheet 
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Appendix G: Safety Data Sheets 
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