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APPENDIX 1

TEST SCHEDULES



TABLE A1-1
WINTER TEST SCHEDULE

SF6 Testing PFT Testing
Building Start End Start End

Date Date Date Date
A 95-03-13 95-03-14 95-03-14 95-04-03
B 95-03-15 95-03-15 95-03-24 95-04-13
C 95-03-23 95-03-24 95-03-24 95-04-13

TABLE A1-2
SUMMER TEST SCHEDULE

SF6 Testing PFT Testing
Building Start End Start End

Date Date Date Date
A - - 95-07-25 95-08-14
B 95-07-24 95-07-25 95-07-25 95-08-15
C - - 95-07-25 95-08-14



APPENDIX 2

MONITORING LOCATIONS



TABLE A2-1
PFT and SF6 Monitoring Locations

Building A Building B Building C

Floor/Unit Area Testing Floor/Unit Area Testing Floor/Unit Area Testing

garage wall pipe entrance (at source) PFT garage wall pipe entrance (at source) PFT garage ceiling pipe entrance (at source) PFT
garage sump room PFT/SF6 - - - garage secondary sump room PFT/SF6
garage elevator room PFT garage elevator room PFT garage elavator sump pit area SF6
garage south floor drain (at source) PFT garage sump pit area SF6 - - -

garage north floor drain (at source) PFT/SF6 garage floor drain (at source) PFT/SF6 garage secondary sump (at source) PFT/SF6
garage elevator sump pit (at source) PFT/SF6 garage elevator sump pit (at source) PFT/SF6 garage elevator sump pit (at source) PFT/SF6
1502 living room PFT/SF6 2002 living room PFT/SF6 1810 living room PFT/SF6
1506 living room PFT/SF6 2007 living room PFT/SF6 1803 living room PFT/SF6
701 living room PFT/SF6 1001 living room PFT/SF6 18 hallway PFT/SF6
709 living room PFT/SF6 1006 living room PFT/SF6 912 living room PFT/SF6
103 living room PFT/SF6 1 office PFT/SF6 9 hallway PFT/SF6
109 living room PFT/SF6 1 guest suite PFT/SF6 903 living room PFT/SF6
15 hallway PFT/SF6 20 hallway PFT/SF6 1 laundry PFT/SF6
7 hallway PFT/SF6 10 hallway PFT/SF6 1 office PFT/SF6
1 hallway PFT/SF6 1 hallway PFT/SF6 1 hallway PFT/SF6



APPENDIX 3

RESULTS OF LITERATURE SEARCH ON FUGITIVE DUST



July 19, 1995 File No. 60171

Mr. Don Fugler
Canada Mortgage and Housing Corporation 
National Office 
700 Montreal Road 
Ottawa, Ontario K1A 0P7

Dear Mr. Fugler:

Re: Research into Risk Associated with Fugitive Dust in High Rise Apartment Buildings
National Research Study 
Soil Gases in High Rise Apartment Buildings

EXECUTIVE SUMMARY

Jacques Whitford Environment Limited (JWEL) was commissioned by the Canada Mortgage and 
Housing Corporation (CMHC) to conduct a study on the risk to high rise apartment building 
dwellers resulting from adjacent contaminated soils. This research was conducted as a part of a 
CMHC National Research Study concerning Soil Gases in High Rise Apartment Buildings. The 
purpose of the research reported herein was to examine the hypothesis that the risk associated 
with dust from contaminated lands is such that the exposure to residential occupants in adjacent 
high rise apartment buildings is not significant.

A literature search concerning the risk of contaminated dust and particulate to high rise 
apartment building residents was undertaken. For risk to be present in an environment there 
must be a hazard, an exposure pathway and a receptor of the risk. If one of these aspects of risk 
is not present in a situation, then there is no risk.

Based on the characteristics of a high rise apartment building, it was assumed that the number of 
exposure pathways available for contaminated dust and particulate between a soil source and 
high rise apartment building dwellers is limited. The literature search found that the possible 
paths are hindered but not eliminated by the building envelope. However, by controlling the 
emission of dust and particulate from the hazard with a low erodibility cover, the exposure of the 
receptor to the hazard can be eliminated.



If possible exposure to contaminated dust and particulate can be eliminated through controlling 
emissions at the source through adequate land cover, no risk is present regardless of the hazard or 
receptors.
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INTRODUCTION

Jacques Whitford Environment Limited (JWEL) was commissioned by the Canada Mortgage and 
Housing Corporation (CMHC) to conduct a study on the risk to high rise apartment building 
dwellers resulting from adjacent contaminated soils. This research was conducted as a part of a 
CMHC National Research Study concerning Soil Gases in High Rise Apartment Buildings. A 
study is currently being conducted by JWEL to examine the transport of soil gases through high 
rise apartment buildings. The issue of contaminants entering the building in the form of 
contaminated fugitive dust or particulate was also considered to be a possible concern and is the 
subject of this report.

The purpose of the research reported herein was to examine the relationship between 
contaminants present in the outdoor environment and the risk to apartment building residents 
from these contaminants and to research the hypothesis that the risk associated with dust from 
contaminated lands is such that the exposure to residential occupants in adjacent high rise 
apartment buildings is not significant.

SCOPE

A literature search concerning the risk of contaminated dust and particulate to high rise 
apartment building residents was undertaken. The literature search included:

• A survey of JWEL offices for relevant data.
• Review of Environment Abstracts Annual 1990 - 1994, and available technical papers.
• Computer searches using Compendex Engineering Information CD Rom abstracts.
• Review of Risk Assessment documents produced by the United States Environmental 

Protection Agency (EPA).
• A visit to the Interim Waste Authority reading room.
• Discussions with Ontario Ministry of the Environment and Energy (MOEE),

Environment Canada, and Health Canada officials.

Results of the literature search, with respect to relevant sources, are listed in the results section of 
the report.



For risk to be present in an environment there must be a hazard, an exposure pathway and a 
receptor of the risk. If one of these aspects of risk is not present in a situation, then there is no 
risk (see Figure 1).
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DISCUSSION

HAZARD EXPOSURE

RECEPTOR

Figure 1: Factors Combining to Create Risk

As related to the subject study, the hazard is assumed to exist in the form of contaminated lands 
and dust or particulate generated from the contaminated soil. Contaminated lands are usually 
present as a result of contaminant spills or waste disposal; however, naturally occurring chemical 
parameters, above adopted criteria can also be encountered.

The receptors are high rise apartment building residents. Receptors in a high rise apartment 
building setting can be children or adults of all ages and economic or cultural backgrounds. No 
generalities can be made with respect to the amount of time that a resident is in the indoor high 
rise apartment environment.

A hazard (contaminant source) is assumed to be present for an environmental issue to be raised. 
The receptor is constant (building occupants). Therefore, the exposure pathway must be 
examined to determine if a risk is present.

There are two main aspects of exposure to be considered, the emission of the contaminant from 
the source and the pathways available to the contaminant between emission and interception by 
the receptor.
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Emission from the Hazard

Contaminated dust or particulate are emitted from a hazard source through disturbance of the 
surface.

Pathway to the Receptor

A high rise apartment building situation limits the number of paths available for dust or 
particulate transport between a contaminated soil source and a human receptor. Dust exposure to 
humans can occur through ingestion, inhalation, or dermal contact. Risk associated with dermal 
contact will not be discussed in this report due to its rare application to a high rise building 
situation and its contaminant specific nature.

In a high rise building situation, it is assumed that exposure to dust in the outdoor environment in 
the area of the building is limited. This is unlike the situation in a residential single-unit home 
where play, work, and relaxation activities take place outdoors as well as indoors. Ingestion 
exposure from personal gardens at the apartment site is also considered to be negligible. 
Inhalation and ingestion of soils entering the apartment envelope are the only pathways 
considered to be of significance to the given scenario. Dusts can enter a building envelope 
through air passages or can be mechanically transported by mechanisms such as shoe travel.

RESULTS OF DOCUMENT SEARCH

A summaries of relevant information from the documents searched are provided below.

Source: Exposure Factors Handbook. Environmental Protection Agency (EPA) Office of Health 
and Environmental Assessment. 1989. •

Normal soil ingestion occurs as a result of mouthing or unintentional hand-mouth activity. 
Children are most likely to ingest soil from ages 1 to 6. Ingestion of non-food substances beyond 
age 6 or 7 is usually the result of inadvertent ingestion (e.g. from soil or dust present on fruits 
and vegetables) or developmental problems.

Inhalation rates indoors are considered to be lower than inhalation rates in the outdoors, exposing 
residents to a lower mass of dust with each breath. However, as more time is usually spent 
indoors, a greater volume of indoor air is inhaled over a set time period.



Source: Indoor-Outdoor Relationships for Particulate Matter: Exposure Classifications and 
Health Effects. Quackenboss, J., et al. 1989.

Concentrations of dust and particulate in indoor air have been found to be less than the 
concentrations of dust in outdoor air in the homes of non-smokers. The median indoor/outdoor 
ratio for indoor inhalable particulates (inhalable particulate is defined as particulate matter with 
aerodynamic diameter less than 10pm (PM]0)) was found to be 0.63 for homes of non-smokers 
and 1.1 for smokers.

Source: Indoor-Outdoor Pollution Relations: Particulate Matter Less Than 10pm in 
Aerodynamic Diameter (PM10) in Homes of Asthmatics. Colome, S. D., et al. 1992.

The indoor/outdoor ratio of dust or respirable particulate (respirable particulate is defined as 
particulate matter with aerodynamic diameter less than 10pm (PM10)) in the air was determined 
to be 0.70 in the homes of asthmatics. Although concentrations of indoor particulate were lower 
than concentrations of outdoor particulate, the study found that indoor concentrations were 
moderately correlated with concentrations measured outside the home for any given set of 
ambient conditions. This finding indicates that the variation of indoor concentrations in this 
sample of homes was driven by variation in ambient concentration. During the study conducted, 
the home with the lowest indoor concentrations was in a residence with a central air cleaning 
system.

Source: Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual 
(Part A, Baseline Risk Assessment). Interim Final. EPA, Office of Emergency and Remedial 
Response. 1989.

The EPA assumes that in residential settings, the risk associated with soil contamination is due to 
the direct ingestion of soil only. This assumption is based on control of surface emissions. 
However according to the EPA, an assessor should evaluate whether inhalation or other exposure 
pathways are significant on a site-specific basis. Generally, for many undisturbed sites with 
vegetative cover such as those found in areas of residential land use, source emissions via air 
pathways are relatively minor contributors of risk. Greater concern for source emissions via air 
pathways exists under commercial/industrial land-use assumptions, given the increased activity 
levels likely.
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At commercial industrial sites, calculations for the amount of dust emanating from a source are 
based upon a particulate emission factor (PEF). The PEF was derived by Cowherd (1985) for a 
rapid assessment procedure applicable to certain hazardous waste sites. The PEF relates the 
contaminant concentration in soil with the concentration of respirable particles (PM 10) in the air 
due to fugitive dust emissions from surface contamination sites. The PEF is dependant on wind 
erosion and therefore on the erodibility of the surface material.

Indoor emissions may occur as a result of transport of outdoor-generated dust or vapours indoors. 
Few models are available for estimating indoor air concentrations from outside sources. For dust 
transport indoors, it can generally be assumed that indoor concentrations are less than outdoors.

Source: Air/Superfund National Technical Guidance Study Series: Volume I - Application of Air 
Pathway Analyses for Superfund Activities. Interim Final. EPA, Office of Air Quality Planning 
and Standards. 1989.

According to the EPA, The risk associated with dust emissions from post-remediation sources, 
such as closed landfills or waste piles are generally less than emissions from sources that have 
not been or are being remediated. Erosion of the. cover and volatilization of the waste is a less 
significant air emission pathway at post-remediation landfills, since the cover is more likely to be 
inspected and maintained regularly. The extent of volatile and particulate emissions from any 
post-remediation waste piles will depend on whether the pile is enclosed, and on whether erosion 
control mechanisms, such as wind screens, dust suppressants, and foams or other coverings are in 
place.

Source: Detailed Assessment of the Proposed Site V4A. Interim Waste Authority Limited. 1994.

Environmental assessments used for siting landfills in the Greater Toronto Area, consider dust 
emissions that occur during landfilling activities such as travel on unpaved surfaces, material 
handling and wind erosion of exposed areas with the majority of the emissions being generated 
from the handling of and operations on native soil and till materials. Landfilled areas that are 
covered are not included as a significant source of dust emissions.

When examining the health risk related to the emission of fugitive dust from a contaminated 
source, the amount of the contaminant present within or sorbed to the particulate matter must be 
examined as well as the quantity of escaping dust. A lack of information concerning organic or 
inorganic contaminants which may be sorbed to particulate matter emitted from municipal solid 
waste sites was reported by the IWA.
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Source: Conversations with Ms. Sylvie Coad, Health Canada

Health Canada was consulted concerning the health risks to human receptors from contaminated 
dust and particulate. Currently, protocols are being developed by Health Canada and 
Environment Canada to set soil contamination criteria based on quantifiable risk. According to 
Ms. Sylvie Coad of Health Canada, the data base concerning health risks resulting from fugitive 
dust and particulate was not strong enough to be used as a basis for health-related criteria.

Other Sources:

No literature was discovered relating concentrations of outdoor dust or particulate with the 
indoor environment present in a high rise apartment building.

There is a lack of information concerning the make-up of dusts and particulate emanating from 
common contaminant sources.
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SUMMARY

The following points summarize the major findings of the literature search:

• there is a lack of available information concerning the make-up of dusts emanating from 
common contaminant sources.

• No specific information concerning dust transmission into apartment buildings was found

• Contaminate pathways in the given high rise apartment building scenario are limited to 
the inhalation or ingestion of dust and particulate entering the apartment building 
envelope.

• The data base concerning health risks resulting from fugitive dust and particulate is weak.

• Two separate studies have shown that dust concentrations in the indoor environment are 
less than dust concentrations found in the outside environment when no major sources of 
indoor dust are present.

• A covering of material of low erodibility such as clay, a significantly vegetated soil 
cover, or asphalt or concrete paving will reduce or eliminate the amount of fugitive dust 
able to escape from the contaminated site.



• Due to the limited number of exposure path ways available for human exposure to soil 
contaminants in high rise apartment buildings, the risk to high rise apartment dwellers 
from contaminated dust and particulate is less than the risk to dwellers in single-unit 
homes.
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CONCLUSIONS

To have a significant risk present there must be a hazard, exposure to the hazard, and a receptor 
of the hazard. For the purposes of this discussion, both the hazard and receptor have been 
identified; therefore, the exposure to contaminated particulate was investigated to determine if 
significant risk is present.

Based on the characteristics of a high rise apartment building, it was assumed that the number of 
exposure pathways available for contaminated dust and particulate between a soil source and 
high rise apartment building dwellers is limited. The literature search found that the possible 
paths are hindered but not eliminated by the building envelope. However, by controlling the 
emission of dust and particulate from the hazard with a low erodibility cover, the exposure of the 
receptor to the hazard can be eliminated.

If possible exposure to contaminated dust and particulate can be eliminated through controlling 
emissions at the source through adequate land cover, no risk is present regardless of the hazard or 
receptors.

CLOSURE

Data presented should not be considered a complete survey of all of the literature available on 
this topic but an examination of accessible information found through the sources listed.

The conclusions presented are general in nature and can by no means replace a site-specific, 
contaminant-specific risk assessment.

This study was conducted for Canada Mortgage and Housing Corporation under Part IX of the 
National Housing Act. The analysis, interpretations and recommendations are those of the 
consultant and do not necessarily reflect the views of Canada Mortgage and Housing Corporation 
or those divisions of the Corporation that assisted in the study.



We hope that this letter fulfils your present needs. If you have any questions or concerns 
regarding the project, please contact the undersigned.

Yours truly,

JACQUES WHITFORD ENVIRONMENT LIMITED

Mr. D. Fugler
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Cindy Warwick, B.A.Sc.

Manager Environmental Engineering
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APPENDIX 4

PFT DATA



TABLE A4-1
PFT Tracer Gas Winter Test Results

Building A

Floor Location Exposure
Time

(hours)

Sump Pit Floor Dram Pipe Entrance
I racer

Detected
(PL)

Air
Cone.
(pL/L)

l racer 
Detected 

(PL)

Air
Cone.
(pL/L)

l racer 
Detected 

(PL)

Air
Cone.
(pL/L)

1506 living room 495.1 13.378 3.0023 0.2397 0.0656 0.689 0.0178
1502 living room 495.1 6.4337 1.4439 0.1293 0.0354 0.0485 0.0125
1500 hallway 493.8 18.9135 4.2558 0.3215 0.0883 0.6241 0.1613
709 living room 495.2 0.2146 0.0482 0.0155 0.0042 0.0392 0.0101
701 living room 495.2 0.216 0.0485 0.0153 0.0042 0.0396 0.0102
700 hallway 493.8 0.2656 0.0598 0.1126 0.0309 0.0723 0.0187
109 living room 495.2 0.0396 0.0089 0.3038 0.0832 0.1744 0.045
103 living room 495.6 0.0424 0.0095 0.4109 0.1124 0.32 0.0824

garage elevator room 42.7 0.4289 1.1161 0.0277 0.088 0.0497 0.1486
garage north drain 33.9 9.5206 31.205 1543 6171.7 8.242 31.037
garage pipe entrance 34.6 11.446 36.757 6.383 25.014 3505 12932
garage south drain 34.1 10.844 35.334 916.38 3643.8 8.6603 32.421
garage sump pit 33.5 3590 11907 4.4196 17.889 0.6241 2.3783
garage sump room 34.3 0.609 1.9728 0.1203 0.4756 0.0847 0.3152

TABLE A4-2
PFT Tracer Gas Summer Test Results 

Building A

Floor Location Exposure
Time

Sump Pit Floor Dram Pipe Entrance
I racer 

Detected 0 o > 13
 =5 

O

l racer 
Detected o > o

l racer 
Detected 0 o > o

1506 living room 501.7 5.634 1.2478 0.8738 0.208 0.1952 0.0497
1502 living room 501.4 0.5937 0.1316 0.5293 0.126 0.1035 0.0264
1500 hallway 501.5 8.2657 1.8313 0.9919 0.2362 0.1827 0.0465
709 living room 501.5 0.5376 0.1191 0.3696 0.088 0.086 0.0219
701 living room 501.7 0.7603 0.1684 0.5488 0.1306 1.2163 0.3096
700 hallway 501.6 2.3133 0.5124 0.6935 0.1651 0.1452 0.037
109 living room 501.8 2.7928 0.6184 2.8648 0.6817 1.2163 0.3096
103 living room 501.8 0.6459 0.143 0.858 0.2042 0.201 0.0512
100 hallway 501.6 4.1768 0.9252 1.1038 0.2628 0.3389 0.0863

garage elevator room 42.6 1.0181 2.6555 1.2995 3.6424 0.2344 0.7027
garage north drain 66.2 6225.571 10449.0953 239688.5 432319.1 2501.82 4826.544
garage pipe entrance 66.3 71.7668 120.2728 274.7771 494.8598 507.3944 977.3956
garage south drain 66.25 635.5707 1065.9467 183554.5 330822 238.9576 460.6523
garage sump pit 139.1 143997.7 115023.325 2832.957 2431.801 1163.051 1067.849
garage sump room 139.05 349.1922 279.0301 276.0977 237.0866 65.8383 60.4708



TABLE A4-3
PFT Tracer Gas Winter Test Results

Building B

Floor Location Exposure
Time

(hours)

Sump Pit Floor Dram Pipe Entrance
l racer 

Detected 
(PL)

Air
Cone
(pL/L)

l racer
Detected

(PL)

Air
Cone
(pL/L)

l racer 
Detected 

(PL)

Air
Cone
(pL/L)

2007 living room 475.6 0.9369 0.2189 0.1299 0.037 0.3465 0.087
2002 living room 475.6 0.3984 0.0931 0 0 0.2852 0.0716
2000 hallway 475.3 0.9369 0.219 0.1299 0.0371 0.8027 0.2017
1006 living room 475.3 0.1236 0.0289 0 0 0.1331 0.0334
1001 living room 475.6 0.0541 0.0126 0 0 0.0678 0.017
1000 hallway 475.3 0.0801 0.0187 0 0 0.0837 0.021
100 office 475.4 0.0113 0.0026 0 0 0.1578 0.0396
100 hallway 475.2 0.4117 0.0963 0.0519 0.0148 0.4971 0.1249
100 guest suite 475.3 0.144 0.0337 0.1178 0.0336 0.0793 0.0199

garage elevator room 51.8 0.7887 1.6918 19.82 51.881 1.618 3.7296
garage floor drain 51.5 1309 2824.2 7710 20299 2241.8 5197.6
garage pipe entrance 51.8 23.9 51.266 137.7 360.45 2432 5605.9
garage sump pit 51.8 195621 423697 112.58 297.57 581.13 1352.6

travel blank 0 0 0 0 0 0 0

TABLE A4-4
PFT Tracer Gas Summer Test Results 

Building B

Floor Location Exposure
Time

Sump Pit Floor Dram Pipe Entrance
I racer 

Detected
Air

Cone.
I racer 

Detected 0 o >
 

=3
 =5 

O
l racer 

Detected
Air

Cone.

2007 living room 476.25 0.4382 0.1022 0.656 0.1766 0.6553 0.1643
2002 living room 476.25 0.3082 0.0719 0.5364 0.1444 0.5075 0.1272
2000 hallway 476.1 0.16 0.0373 0.4206 0.1133 0.3718 0.0932
1006 living room 476 0.5041 0.1177 0.6953 0.1873 0.6444 0.1616
1001 living room 476 0.4128 0.0964 0.6103 0.1644 0.5769 0.1447
1000 hallway 476 0.1244 0.029 0.4022 0.1083 0.3505 0.0879
100 office 476.3 0.4218 0.0984 0.7067 0.1902 0.6378 0.1599
100 hallway 476.25 0.2379 0.0555 0.476 0.1281 0.4127 0.1035
100 guest suite 476.3 0.6882 0.1605 0.9302 0.2504 0.8381 0.2101

garage elevator room 64.1 69.367 120.2409 464.482 929.0012 294.7068 548.9684
garage floor drain 64.25 45083.31 77965.0843 2409447 4807836 97678.96 181527.8
garage pipe entrance 64.3 2193.488 3790.3715 3753.415 7483.78 151451.2 281239.9
garage sump pit 48.25 19038.15 43841.4508 1533.991 4075.969 199.7585 494.337

travel blank 476 0.0038 0.0009 0.0024 0.0006 0 0



TABLE A4-5
PFT Tracer Gas Winter Test Results

Building C

Floor Location Exposure
Time

(hours)

Elevator Sump Pit Pipe Entrance General Sump Pit
l racer

Detected
(PL)

Air
Cone.
(pL/L)

l racer 
Detected

(PL)

Air
Cone.
(pL/L)

l racer 
Detected 

(PL)

Air
Cone.
(pL/L)

1810 living room 483.8 2.6613 0.6112 1.2226 0.3427 1.2556 0.3099
1803 living room 483.5 12.11 2.7829 1.1026 0.3092 1.8624 0.4599
1800 hallway 483.4 10.563 2.4279 1.3112 0.3678 1.6882 0.417
912 living room 483.4 0.1409 0.0324 0.1953 0.0548 0.3861 0.0954
903 living room 483.3 0.2038 0.0469 0.41 0.115 0.6858 0.1694
900 hallway 483.3 0.9755 0.2243 1.5099 0.4236 2.0503 0.5065
100 office 483.1 0.0744 0.0171 2.3752 0.6667 1.8358 0.4536
100 laundry 483.1 0.0933 0.0215 2.3752 0.6667 4.1027 1.014

garage elevator sump 81.5 272.68 371.75 0.7748 1.2891 3.042 4.4567
garage pipe entrance 81.5 0.4191 0.5714 2.8345 4.7158 3.04 4.4538
garage sump room 81.5 8.697 11.857 0.1038 0.1727 3354.3 4914.3
garage general sump 81.5 8.4385 11.504 0.6519 1.0846 31447 46072

TABLE A4-6
PFT Tracer Gas Summer Test Results 

Building C

Floor Location Exposure
Time

Elevator Sump Pit Pipe Entrance General Sump Pit
I racer

Detected
Air

Cone.
l racer 

Detected 0 o > o

I racer 
Detected

Air
Cone.

1810 living room 475.9 0.9689 0.2262 0.4218 0.1132 0.1379 0.037
1803 living room 475.9 5.9977 1.4003 0.7992 0.2145 5.2076 1.3975
1800 hallway 476 7.9577 1.8575 1.2302 0.3301 0.4631 0.1243
912 living room 475.8 0.4636 0.1083 0.2729 0.0733 0.1003 0.0269
903 living room 475.9 0.2841 0.0663 0.1834 0.0492 0.0619 0.0166
900 hallway - - - - - - -

100 office 475.8 0.341 0.0796 3.0923 0.83 0.7235 0.1942
100 laundry 475.7 0.3973 0.0928 1.0833 0.2908 0.388 0.1042
100 hallway 475.7 1.2025 0.2809 1.1228 0.3014 0.3067 0.0823

garage elevator sump 66.8 8421.921 14008.518 633.022 1210.265 478.852 915.51
garage general sump 66.8 618.218 1028.3067 1416.783 2708.726 89144.45 170433.9
garage pipe entrance 66.8 228.286 379.7172 925.421 1769.299 442.429 845.8734
garage sump room 66.7 248.912 414.646 747.147 1430.601 4732.327 9061.23



TABLE A4-7
Dilution of Tracer from Source Location

Winter Testing - Building A

Monitoring
Location

I racer Concentration (pL/L) Dilution l-rom Source .ocation
Sump Hit Moor

Drain
Pipe

Entrance
Sump Hit Moor

Drain
Hipe

Entrance

1506 living room 3.0023 0.0656 0.0178 0.000252 0.000007 0.000001
1502 living room 1.4439 0.0354 0.0125 0.000121 0.000004 0.000001
1500 hallway 4.2558 0.0883 0.1613 0.000357 0.000009 0.000012
709 living room 0.0482 0.0042 0.0101 0.000004 0.000000 0.000001
701 living room 0.0485 0.0042 0.0102 0.000004 0.000000 0.000001
700 hallway 0.0598 0.0309 0.0187 0.000005 0.000003 0.000001
109 living room 0.0089 0.0832 0.045 0.000001 0.000008 0.000003
103 living room 0.0095 0.1124 0.0824 0.000001 0.000011 0.000006

garage elevator room 1.1161 0.088 0.1486 0.000094 0.000009 0.000011
garage north drain 31.205 6171.7 31.037 0.002621 0.628771 0.002400
garage pipe entrance 36.757 25.014 12932 0.003087 0.002548 1.000000
garage south drain 35.334 3643.8 32.421 0.002967 0.371229 0.002507
garage sump pit 11907 17.889 2.3783 1.000000 0.001823 0.000184
garage sump room 1.9728 0.4756 0.3152 0.000166 0.000048 0.000024

TABLE A4-8
Dilution of Tracer from Source Location 

Summer Testing - Building A

Monitoring
Location

I racer Concentration (pL/L) Dilution From Source Location
sump Hit Floor

Drain
Pipe

Entrance
Sump Hit Floor

Drain
Hipe

Entrance

1506 living room 1.2478 0.208 0.0497 0.000011 0.000000 0.000051
1502 living room 0.1316 0.126 0.0264 0.000001 0.000000 0.000027
1500 hallway 1.8313 0.2362 0.0465 0.000016 0.000000 0.000048
709 living room 0.1191 0.088 0.0219 0.000001 0.000000 0.000022
701 living room 0.1684 0.1306 0.3096 0.000001 0.000000 0.000317
700 hallway 0.5124 0.1651 0.037 0.000004 0.000000 0.000038
109 living room 0.6184 0.6817 0.3096 0.000005 0.000001 0.000317
103 living room 0.143 0.2042 0.0512 0.000001 0.000000 0.000052
100 hallway 0.9252 0.2628 0.0863 0.000008 0.000000 0.000088

garage elevator room 2.6555 3.6424 0.7027 0.000023 0.000005 0.000719
garage north drain 10449.0953 432319.069 4826.5444 0.090843 0.566500 4.938169
garage pipe entrance 120.2728 494.8598 977.3956 0.001046 0.000648 1.000000
garage south drain 1065.9467 330821.966 460.6523 0.009267 0.433500 0.471306
garage sump pit 115023.325 2431.801 1067.8491 1.000000 0.003187 1.092545
garage sump room 279.0301 237.0866 60.4708 0.002426 0.000311 0.061869



TABLE A4-9
Dilution of Tracer from Source Location

Winter Testing - Building B

Monitoring
Location

1 racer Concentration (pL/L) Dilution Prom source Location
Sump Pit Floor

Drain
Pipe

Entrance
Sump Pit Ploor

Drain
Pipe

Entrance

2007 living room 0.2189 0.037 0.087 1E-06 2E-06 1.6E-05
2002 living room 0.0931 0 0.0716 0 0 1.3E-05
2000 hallway 0.219 0.0371 0.2017 1E-06 2E-06 3.6E-05
1006 living room 0.0289 0 0.0334 0 0 6E-06
1001 living room 0.0126 0 0.017 0 0 3E-06
1000 hallway 0.0187 0 0.021 0 0 4E-06
100 office 0.0026 0 0.0396 0 0 7E-06
100 hallway 0.0963 0.0148 0.1249 0 1E-06 2.2E-05
100 guest suite 0.0337 0.0336 0.0199 0 2E-06 4E-06

garage elevator room 1.6918 51.881 3.7296 4E-06 0.002556 0.000665
garage floor drain 2824.2 20299 5197.6 0.006666 1 0.927166
garage pipe entrance 51.266 360.45 5605.9 0.000121 0.017757 1
garage sump pit 423697 297.57 1352.6 1 0.014659 0.241282

travel blank 0 0 0 0 0 0

TABLE A4-10
Dilution of Tracer from Source Location 

Summer Testing - Building B

Monitoring
Location

Tracer Concentration (pL/L) Dilution Prom Source Location
Sump Pit Floor

Drain
Pipe

Entrance
Sump Pit Floor

Drain
Pipe

Entrance

2007 living room 0.1022 0.1766 0.1643 2.33E-06 4E-08 5.8E-07
2002 living room 0.0719 0.1444 0.1272 1.64E-06 3E-08 4.5E-07
2000 hallway 0.0373 0.1133 0.0932 8.5E-07 2E-08 3.3E-07
1006 living room 0.1177 0.1873 0.1616 2.68E-06 4E-08 5.7E-07
1001 living room 0.0964 0.1644 0.1447 2.2E-06 3E-08 5.1E-07
1000 hallway 0.029 0.1083 0.0879 6.6E-07 2E-08 3.1E-07
100 office 0.0984 0.1902 0.1599 2.24E-06 4E-08 5.7E-07
100 hallway 0.0555 0.1281 0.1035 1.27E-06 3E-08 3.7E-07
100 guest suite 0.1605 0.2504 0.2101 3.66E-06 5E-08 7.5E-07

garage elevator room 120.2409 929.0012 548.9684 0.002743 0.000193 0.001952
garage floor drain 77965.0843 4807835.98 181527.773 1.778342 1.000000 0.645455
garage pipe entrance 3790.3715 7483.78 281239.897 0.086456 0.001557 1.000000
garage sump pit 43841.4508 4075.9692 494.337 1.000000 0.000848 0.001758

travel blank 0.0009 0.0006 0 2E-08 0 0



TABLE A4-11
Dilution of Tracer from Source Location

Winter Testing - Building C

Monitoring
Location

I racer Concentration (pL/L) Dilution Prom Source Location
Sump Pit Pipe

Entrance
Secondary 
Sump Pit

Sump Pit Pipe
Entrance

Secondary 
Sump Pit

1810 living room 0.6112 0.3427 0.3099 0.001644 0.072671 7E-06
1803 living room 2.7829 0.3092 0.4599 0.007486 0.065567 1E-05
1800 hallway 2.4279 0.3678 0.417 0.006531 0.077993 9E-06
912 living room 0.0324 0.0548 0.0954 8.7E-05 0.011621 2E-06
903 living room 0.0469 0.115 0.1694 0.000126 0.024386 4E-06
900 hallway 0.2243 0.4236 0.5065 0.000603 0.089826 1.1E-05
100 office 0.0171 0.6667 0.4536 4.6E-05 0.141376 1E-05
100 laundry 0.0215 0.6667 1.014 5.8E-05 0.141376 2.2E-05

garage elevator sump 371.75 1.2891 4.4567 1 0.273358 9.7E-05
garage pipe entrance 0.5714 4.7158 4.4538 0.001537 1 9.7E-05
garage secondary sump 11.504 1.0846 46072 0.030946 0.229993 1
garage sump room 11.857 0.1727 4914.3 0.031895 0.036622 0.106666

TABLE A4-12
Dilution of Tracer from Source Location 

Summer Testing - Building C

Monitoring
Location

I racer Concentration (pL/L) Dilution Prom Source Location
Elevator 
Sump Pit

Pipe
Entrance

Secondary 
Sump Pit

Elevator 
Sump Pit

Pipe
Entrance

Secondary 
Sump Pit

1810 living room 0.2262 0.1132 0.037 1.6E-05 6.4E-05 0
1803 living room 1.4003 0.2145 1.3975 0.0001 0.000121 8E-06
1800 hallway 1.8575 0.3301 0.1243 0.000133 0.000187 1E-06
912 living room 0.1083 0.0733 0.0269 8E-06 4. IE-05 0
903 living room 0.0663 0.0492 0.0166 5E-06 2.8E-05 0
900 hallway 0 0 0
100 office 0.0796 0.83 0.1942 6E-06 0.000469 1E-06
100 laundry 0.0928 0.2908 0.1042 7E-06 0.000164 1E-06
100 hallway 0.2809 0.3014 0.0823 2E-05 0.00017 0

garage elevator sump 14008.518 1210.2653 915.51 1 0.684037 0.005372
garage pipe entrance 379.7172 1769.2986 845.8734 0.027106 1 0.004963
garage secondary sump 1028.3067 2708.7262 170433.948 0.073406 1.53096 1
garage sump room 414.646 1430.6008 9061.2299 0.0296 0.808569 0.053166



APPENDIX 5

SF6 DATA



TABLE A5-1
SF6 Equilibrium Measurements

Floor Location
Ventilation Off Ventilation On

Sample 1 
(Ppb)

Sample 2 
(PPb)

Sample 1 
(PPb)

Sample 2 
(PPb)

Building A
1 hallway 0.6 1.3 8.9 1.3

15 hallway 1850 1860 2480 1690

Building B
1 hallway 260 490 2 5.3

20 hallway 4390 4820 330 240

Building C
1 hallway 47.1 15.7 19.1 44.4

18 hallway 720 680 960 1180

Sample 1 data was collected at the start of the SF6 testing round 
Sample 2 data was collected at the end of the SF6 testing round



APPENDIX 6

AMBIENT CONDITIONS



TABLE A6-1

Ambient Temperature and Pressure Conditions
Building A

Date
Ventilation

95-03-14
off

Date
Ventilation

95-07-25
normal

Temperatures (deg. C)
Ambient 2(5
garage 25
sump room 24
lobby 26

I emperatures (deg. C)
Ambient lemp. 13.5
garage 8.5
sump room 11
lobby 27

Pressure (kPa)
apartment 1502 -0.7
apartment 1506 -4.5
apartment 701 -0.9
apartment 709 no access
aparment 103 -6
apartment 109 1.8
garage/vestibule -6
vestibule/elevator room -8

Pressure (kPa)
apartment 1502 0.2
apartment 1506 0
apartment 701 0
apartment 709 -0.1
aparment 103 0
apartment 109 0
garage/vestibule 0.3
vestibule/elevator room 0.4
sump room/garage -0.3

Building A: According to the property manager, garage fans are triggered by CO levels. 
The garage doors are usually open.

Positive pressures represent exfiltrating pressures between the location listed and the
building exterior. For interior measurement locations the reference point is also provided.



TABLE A6-2

Ambient Temperature and Pressure Conditions
Building B

Date 95-03-15
Ventilation off

I emperatures (deg. C)
Ambient lemp. 13.5
garage 18
lobby 21

Pressure kPa
apartment 2002 0.5
apartment 2007 -0.2
apartment 1006 -0.7
apartment 1001 -0.7
office -9.1
guest suite -7.2
garage/vestibule 3.9
vestibule/elevator room 3.3

Date 95-07-25
Ventilation off

I emperatures (deg. CJ)
Ambient lemp. 28
garage 23
lobby 28

Pressure kPa
apartment 2002 1
apartment 2007 0.8
apartment 1006 0.2
apartment 1001 -0.6
office 11.8
guest suite -2.8
garage/vestibule -4.1
vestibule/elevator room -3.1

Date 95-07-25
Ventilation normal

I emperatures (deg. C)
Ambient lemp. 28
garage 23
lobby 28

Pressure kPa
apartment 2002 0
apartment 2007 0.1
apartment 1006 2.4
apartment 1001 -1.1
office 0.2
guest suite 1.3
garage/vestibule 0
vestibule/elevator room 19.5

Building B: According to the Building Superintendent, garage fans are run 9 hours per day 
the hours are expected to cover the busiest times in the garage. The timing during winter 
testing is not known for certain due to a change in superintendents during that time.

Positive pressures represent exfiltrating pressures between the location listed and the
building exterior. For interior measurement locations the reference point is also provided.



TABLE A6-3

Ambient Temperature and Pressure Conditions
Building C

Date 95-03-24
Ventilation off

Pressure kPa
apartment 1810 15
corridor 18th -5
apartment 1803 no access
apartment 903 -7
laundry -25
office -3.5

Date 95-03-24
Ventilation normal

Pressure KPa
apartment 1810 45
corridor 18th -

apartment 1803 5 to -1
apartment 903 -6
laundry -31
office -5

Date 95-07-25
Ventilation normal

I emperatures (deg. (J)
temp, garage 2b
temp, lobby 28.5
temp, ambient 27

Pressure kPa
apartment 1810 -0.2
corridor 18th -

apartment 1803 0.7
apartment 912 0
apartment 903 1.9
laundry 0
office 4.2
garage/vestibule 1.3
vestibule/garage 7.2
parking garage 0

Building C: According to the property manager, garage fans are triggered by CO levels.

Positive pressures represent exfiltrating pressures between the location listed and the
building exterior. For interior measurement locations the reference point is also provided.



APPENDIX 7

DATA FROM STUDY OF RADON GAS IN LOW-RISE RESIDENCES



FIELD

SUMMARY

1 Of 3
Date House . E.L.A „ Outdoor Winds Sampling Radon Static Passive son Corrected

# Temp Location Level Pressure Rate of Temp Soil Gas
Entry RH

(cm2) (C) (Km/HO (Pd/L) (Pa) (UHr) <C) (%)
30/10/89 01 1657.64 19^ calm floor n/a n/a n/a n/a n/a 01

wall n/a 0.5 n/a n/a n/a
13/03/90 01 w 5.6 calm basement 1.54 biw

floor 242.14 1.0 1.1 14.30 86.7
wall 6.39 1.0 1.5 11.60 91.2
drain n/a. 1.0 0.6 n/a n/a

06/11/89 02 1845.93 11.6 26 floor n/a 0.5 n/a 15.00 61.7 02
wall n/a 0.5 n/a n/a n/a

13/03/90 Q2w 7.1 calm basement 2.47 02w
floor 1024,48 1.0 1.0 16.60 80.7
wall 3.31 n/a 0.3 12.80 85.9

07/11/89 03 898.31 6.6 calm floor n/a n/a n/a n/a n/a 03
wall n/a 0.5 n/a n/a n/a

07/03/90 03w 898.31 -8.1 calm basement 0,59 03 w
floor 1.48 1.0 2.0 14.50 76.9
wall 261.44 3.0 1.6 3.00 68.7

09/11/89 04 1172.83 9.8 20.4 floor n/a 0.5 n/a n/a n/a 04.

wall n/a 0.5 n/a n/a n/a
07/03/90 04w 1172.83 -8.8 calm basement 0J22 04w

floor 21^3 1.0 1.6 10.80 89.4

wall 125.61 3.0 3.6 7.40 90.7

13/11/89 05 2248.67 1.9 20.4 floor 0.0 n/a 9.90 83.9 05

wall 0.0 n/a n/a n/a
17/11/89 06 841.22 -1 33.3 basement

floor 3.0 n/a 15.10 77.9
06

wall 2103 n/a 11.50 n/a
19/12/89 07 -3.5 2 basement 4.79 07

floor 109.01 n/a n/a n/a n/a
wall 63.76 2to4 n/a 10.50 n/a

i
t/i
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3 w 
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>> 
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SUMMARY

FIELD



2 Of 3

V •
S-

Date House

#

ELLA

(cm2)

Outdoor 

. Temp

(0

Winds

(Km/Hr)

Sampling
Location

Radon 

' Level

(Pd/L)

Static . 

Pressure

(Pa)

Passive 

Rale of 

Entry 

(L/HrO

Son

Temp

(0)

Corrected 

Son Gas 

RH

<%)
20/12/89 03 708.96 -10 20 basement 2.54 08

floor 122.45 1to2 n/a 12.40 94.9
wail 23.07 2to3 1.8 8.00 n/a
drain n/a 2to2.5 n/a n/a n/a

22/02/90 09 3 15 basement 0.89 09
floor 3.66 3.0 2.0 19.60 86.7
wall , n/a . >60 0.3 n/a n/a
drain 1.45 -1101 1.0 n/a n/a

28/02/90 010 -3.4 19 basement 0.62 010
wait 0.03 1.0 1.2 n/a n/a
drain 30.42 -1101 0.0 n/a n/a

27/02/90 011 653.75 -7 11 basement 1.81 on
floor 70.82 -0.5 2,0 13.90 93.2
wall 0.00 2.5 • t.O 9.10 113.9
drain n/a 2.5 n/a n/a n/a

27/02/90 012 818.70 -9 19 basement 1.02 012
floor 217.49 0.5 1.2 19.80 63.6
wall 136.22 0.5 1.0 18.20 46.4

06/03/90 013 673.20 -14 18 basement 1.64 013
. floor 424.03 1.0 1.5 12.60 83.9

wail 23.13- 3.5 1.5 8.00 83.7



3 Of 3
Data House

s'

E.LA

(cm2)

Outdoor
Temp

(C)

Winds

(Km/Hr)

Sampling

Location
Radon
Level

(Pd/L)

Static
Pressure

(Pa)

Passive 

Rate of 
Entry 

(UHr)

Son
Temp

(C)

Corrected 
Soil Gas 

RH
m

1^03/90 014 336,28 2 15 basement 6.42 014
floor 123.65 . 1.0 1.0 16,00 85.5
wall 176.48 1.0 4.0 12.70 79.5

14/03/90 015 3 11 basement 0J22 015
floor 29.97 0.5 0.5 15.40 83.1
wall 1.11 0.5 n/a 12.30 63.2

19/03/90 016 basement 0.62 016
floor 19.02 3.5 0.4 16.70 62.6
wall 15.49 3.0 n/a n/a n/a

20/03/90 017 3 22 basement o.oo- 017
floor 0.89 1.0 0.3 8.00 90.4
wall 1.59 1.0 0.5 4.80 97.3

20/03/90 018 3 22 basement' 0.49 018
floor 0.00 <0.5 0.4 7.90 97.5
wall 6.84 0.5 2.0 5.50 96.2 1

21/03/90 019 1930.70 5 12 basement 1.15 019
* floor 224.24 0.5 1.1 12,20 88.4

wall .. 32.72 n/a 1.0 6.60 102.7
sump n/a 1.0 n/a n/a n/a

21/03/90 020 294.20 7 22-35 basement 5.90 020
floor 607.97 0.5 1.0 11.30 95.5
wall 14.98 0.5 1.2 8,20 88.2



Date House
# .

B.LJk

(cm2)

Outdoor
Temp

(C)

Winds

(Km/Hr)

Sampiing

Location

Radon

Level
(Pci/L)

Static

Pressure
(Pa)

Son
Temp

<C)

Soil Gas
Rh
m

27/03/90 MF1 n/a -11 calm basement 0.49

floor 330.09
drain 4.36

27/03/90 MF2 1427.81 -3 27 basement 0.00
wall 66.34

28/03/90 WF3 704.53 -3 19 basement 1.28
floor 89.89

wall ' 27.90

28/03/90 MF4 n/a -9 15 basement 0.00
floor 80.39

29/03/90 MF5 n/a -5 calm basement 2.77


