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EVALUATION OF POTENTIAL HEALTH IMPLICATIONS FROM DUSTS AND VOLATILE HYDROCARBONS DETECTED IN AIR AT #6 WINDERMERE AVE, TORONTO
1.0     
INTRODUCTION

This report addresses a request to Cantox Environmental Inc from REON Development Corporation to evaluate the potential health implications arising from the concentrations of dusts and volatile organic chemicals measured in air during site remediation activities at #6 Windermere Ave., Toronto.  The property at #6 Windermere Ave is currently undergoing environmental cleanup to enable the residential development of the property.  The emissions of dust and volatile organic chemicals are potentially related to these cleanup activities.

2.0     
ASSESSMENT APPROACH

The following approach was taken in the conducting the requested assessment:

· Examination of the types and sources of contamination of the soils on the property;

· Understanding the approaches being followed for the remediation of the property;

· Investigation of the various sources of the chemicals identified;

· Investigation of the toxicological and biomedical information available on the potential effects of exposure to dusts and volatile organic chemicals;

· Comparison between the air concentrations and acceptable exposure values for the chemicals identified;

· Interpretation of the information obtained relative to potential health implications to people living in the adjacent community.

3.0

ASSESSMENT OF COMMUNITY CONCERNS REGARDING POTENTIAL HEALTH ISSUES FROM DUSTS AND ODOUROUS EMISSIONS FROM THE PROPERTY 

Information on characteristics of the contaminants and of the remediation approaches being used is important in evaluating the potential health impacts of dusts and odours emitted during the cleanup activities. 

3.1

Types and Sources of Contaminates

The Phase I and II investigations of the Property, and the confirmatory sampling to date during the cleanup activities have demonstrated that the contaminants in the soils on the Property that exceed the MOE criteria for residential development include a number of metals (e.g., the most frequent exceedances were noted for lead, zinc, arsenic, boron and copper, with infrequent exceedances of antimony, barium, beryllium, cadmium, molybdenum, nickel, selenium and silver) and petroleum hydrocarbons in a number of locations, and polycyclic aromatic hydrocarbons in a few isolated areas.  In some areas of the property the concentrations of these contaminants were greater than the MOE Table B criteria for residential land use, but were far below the MOE’s criteria for hazardous materials (Gartner Lee Limited Phase I and Phase II 
reports).  

3.2

Approach to Remediation of the Property

The approaches outlined in the Phase II Environmental Assessment of the Property and in the Soil and Groundwater Management Plan for cleanup of the Property are:

· Removal and disposal of soils that contain the acceptable range of concentrations of total petroleum hydrocarbons and metals (generally metal concentrations less than Table B) to an appropriate off-site soil bioremediation facility for remediation of hydrocarbons by biodegradation processes, and 

· Removal and disposal of soils with concentrations of total petroleum hydrocarbons and metals in excess of the acceptable range for bioremediation (i.e., metal concentrations exceed Table B) to an approved, non-hazardous waste landfill. 

There are two major sources on the Property of the petroleum products and metals that have been identified and require remediation:  

· From materials used during the operation of the Stelco Swansea Works in the manufacture of bolts and screws between the 1880’s and late 1980’s.  These materials consisted mainly of lubricants, cutting oils, hydraulic oils, heating oils, various ferrous-type metals.  These waste materials arising from historical operations on the Property tend to be at shallow depths in the range of 1 to 2 metres, and predominantly located on the southern areas of the Property; and 

· From materials that were historically transported onto the Property to fill the pond that existed in the north-central region of the west Property, and to fill other depressions on the property.  Similar fill material was used as that to fill the pond that extended directly north of the east Property between Windermere Ave and Ellis Ave, across The Queensway and into the Swansea district north of The Queensway.  The composition of the fill material was highly variable, consisting of such material as ash/clinker from burning coal, blast-furnace ash, bottom ash from various industrial processes, and assorted waste soils and waste building materials such as brick, concrete, asphalt, wood, metal and glass.  These fill materials were contaminated with various metals and petroleum hydrocarbons.  It is important to note that no liquid petroleum hydrocarbons have been identified in these fill materials, particularly within the large pond area. 

On the southern central and eastern sides of the West Property, the source of the petroleum products is believed to be largely from Stelco’s operations on the property between the 1880s and late 1980s.  This contamination included an area in the south-central portion of the Property with liquid petroleum product on groundwater  (see Gartner Lee Limited Phase II Report).  Most of this free phase oil contamination has either already been removed during cleanup operations to date, or will be completed in the next few weeks.

Cleanup of the historical pond in the north-central area of the Property has not yet begun.  No liquid petroleum product has been identified in this area of the Property.  This historical pond was particularly deep in the north-central part of the Property.  Consequently, as with the historical pond on the East Property (#3 Windermere Avenue), deep excavations will be required to remove and cleanup the fill materials in this area. Management of these excavations will require the installation of shoring materials to secure the edge of the Property boundary next to The Queensway.  In addition, a groundwater dewatering program will be undertaken to lower the level of the groundwater behind the shoring wall on the Property.  This will enable efficient excavation of contaminated fill from the historical pond.

An off-site groundwater level monitoring program north of The Queensway and along Windermere Avenue has been in place since the fall of 2001.  No significant trends in groundwater levels have been observed since the start of the monitoring program.  The frequency of monitoring of the groundwater levels on-site and north of The Queensway will be increased to daily during the time that the groundwater management program is in operation on the Property.

3.3

Evaluation of Potential Health Impacts

The assessment of possible health issues related to dusts and odorous emissions from the Property during the remediation activities was based on evaluations of:

· The toxic potential or potency of the emissions identified in the air quality monitoring program, and;

· The level of exposure or dose, and the duration of exposure as determined by the air concentrations of the emissions at various locations on the Property

The basic approach for these evaluations relies on the dose-response principle.  The dose-response principle is the foundation for understanding the actions of chemical substances on the human body, be they pharmaceuticals, nutrients required for general growth and being or other substances to which we are all exposed in our daily activities.


3.3.1

What is the Dose-Response Principle?

The dose-response principle dictates that the response of the body to chemicals increases proportional to the size of the dose (or exposure) and with the length of time over which exposure occurs.  

Most chemicals agents have a threshold dose.  The threshold dose is a dose below which no measurable effects on the body occur.  No effects are observed below the dose threshold because the amount of chemical received through such a dose can be brokendown and rendered harmless by the body’s normal metabolic systems before the chemical causes adverse effects.  

There are some chemicals that do not have a threshold dose; they are mostly genotoxic carcinogens.  Exposures to these chemicals results in some risk of effects occurring, and a threshold where the risk is zero cannot be identified using health assessment techniques.  With such chemicals, doses that result in acceptable levels of risks are deemed acceptable by various regulatory agencies.

Everyone is familiar with the dose-response principle through taking either over-the-counter or prescribed pharmaceuticals for treatment of various human diseases and ailments.  The objective in such situations is to take a large enough dose of the pharmaceutical to relieve the ailment, symptoms or treat the disease as intended.  If the dose is too small (i.e., below the threshold dose), no beneficial effects will be obtained from taking the pharmaceutical.  If the dose is too large, adverse or undesired effects will result (known as toxic effects).  In fact, too much of any pharmaceutical, or any other chemical for that matter, can cause toxicity and unwanted adverse effects.  This means that the ‘correct dose’ of a pharmaceutical is needed to achieve the desired effect in treating medical conditions.

The same principle applies to various non-pharmaceutical agents such as alcohol.  Everyone is aware that the dose-response relationship for the consumption of alcoholic beverages is the basis for the blood alcohol values that are considered ‘safe’ when driving an automobile.

This same dose-response principle applies to nutrient chemicals in our foods, and the various contaminants found in the soils from the Property.  For nutrients, the dose must be large enough to provide for adequate nutrition of the body.  Too little intake results in mal-nutrition.  For contaminants, the concentrations of the chemical in air and dust must be low enough to ensure that the dose received will be less than an effect dose, with suitable margins of safety, to ensure that no adverse effects to people’s health will occur.  

The question is “how low does the dose have to be to ensure the level of safety required?”The answer to this important question comes from three pieces of information:

· What are the normal exposures or doses of these substances that we all receive from sources and are able to ‘handle’, excluding possible exposures from the Property?

· What doses of the substances are considered ‘safe’ based on the existing toxicity and biomedical information on these substances?

· How do these ‘safe’ doses compare to the doses (or exposures) and durations of exposure that people living in the Swansea area may be receiving from the cleanup activities on the Property?

3.3.2

What are the Sources of Chemicals Identified?

Information on the possible sources of chemicals that are contaminants will help to understand the significance of exposures that could occur from the Property, and whether or not these exposures are ‘safe’.

The following information demonstrates that there are a wide range of sources of metals, total petroleum hydrocarbons and breakdown products of total petroleum hydrocarbons independent of the Property.

3.3.2.1
  
Naturally Occurring Metals

All of the metals identified on the Property are widely distributed in natural materials that are not impacted by human activities (i.e., they are naturally occurring substances).  In some locations suitable for metal mining, the concentrations in these natural sources can be substantially greater than in the Swansea area.  Some locations on the Property, the soils have concentrations higher than accepted for residential areas where people will live; thus the requirement to remediate the Property to residential criteria.  

3.3.2.2
 
Petroleum Hydrocarbons and Breakdown Products

Petroleum hydrocarbons are natural products obtained from oil reserves within the earth’s surface.  In some locations, such as the Alberta Tar Sands, these petroleum hydrocarbons are found in surface sandy soils, and people’s homes are built right on top of them without producing adverse effects on their health. 

In addition, we are all exposed to petroleum hydrocarbons during such routine life activities as putting oil and gasoline in our automobiles, during paving of roadways and the driveway to our homes, applying lubricating oils to appliances and home equipment.  There are many sources of exposure to petroleum hydrocarbons in an modern urban environment.

The natural occurrence of these hydrocarbons means that your bodies, and the bodies of other organisms in nature, have the metabolic capability to break-down or metabolize these types of chemicals.  Consequently, these chemicals are not completely foreign to the human body, and the issue of concern is to ensure that the exposures received (i.e., doses occurring through their concentrations in air) do not exceed the ‘metabolic capacity’ of the body so that sufficient tissue concentrations do not build up and produce adverse effects.

3.3.2.3
  
Sources of Odours from Petroleum Products

The types of odours depend on the particular petroleum products that are present, how much they will vapourize into the air, and what happens to them in the environment.  

The composition of petroleum depends on the degree of refining the original oils prior to it getting onto the Property.  During the refining process, petroleum hydrocarbons are separated into various common petroleum products with which we are all familiar, for example gasoline, diesel, motor oils, heavy oils, greases, paraffin, etc.

Gasoline has greater amounts of ‘light’ molecular weight materials (e.g., benzene, ethyl-benzenes, xylene, toluene, etc.) and lower amounts ‘intermediate’ materials and almost no ‘heavy’ materials (e.g., polycyclic aromatics and large, non-volatile, straight-chain hydrocarbons).

Diesel fuel has less ‘light’ material and more ‘intermediate’ material.  Fuel oils (e.g., heating or furnace oil) are mostly ‘intermediate’ materials, with small amounts of ‘heavy’ material.

Lubricating oils are almost all ‘intermediates’ with small amounts of ‘heavy’ materials.  Lubricating greases are almost all ‘heavy’ materials with small amounts of ‘intermediates’.

The petroleum hydrocarbons found on the Property are primarily of the lubricating oil type and would contain primarily ‘heavy’ materials with small amounts of ‘light’ materials.  The analyses of soil samples from the Property support this conclusion in that no BETX (benzene, ethyl- benzenes, toluene, and xylene) was detected (see Gartner Lee Phase II Report).   These products have a ‘heavy oil’ odour that is distinctly different that the familiar odour of gasoline used in our automobiles.  

 3.3.2.4   
What are the Possible Sources of Odours from Materials found on the Property?

As petroleum products ‘weather’ or ‘age’, their hydrocarbon composition changes from the original materials.  Most of ‘light’ materials (e.g., BTEX) disappear through processes of vapourization and chemical ‘breakdown’ through natural oxidation and biological processes in soils.

‘Heavy’ components remain, and increase in percentage as ‘aging’ proceeds.  This process changes the odour characteristics of the oil, and consequently of the soils containing such ‘aged’ oils.

Since petroleum products are naturally occurring, soil microbes (e.g., bacteria, fungi, molds found naturally in soils) have the capacity to use the petroleum hydrocarbons as a source of carbon for their growth and reproduction.  In the process of utilizing the hydrocarbons as a source of carbon, a variety of intermediate breakdown products are formed.  Many of these ‘breakdown’ products have odours, often quit different to the original parent hydrocarbon.  The type of odour can also vary depending on the amount of oxygen present during the microbiological ‘breakdown’ of the products.  

Sulphur, a common component of many petroleum products, is broken away from the oils as they are metabolized, producing a range of reduced sulphur compounds.  Examples of reduced sulphur substances include hydrogen sulphide, dimethylsulphide, dimethyldisulphide, mercaptans and cathecols.  Some of these sulphur compounds have the smell of ‘rotten eggs’ and their odours can be detected at very low concentrations (e.g., low odour thresholds).  In fact, natural gas and propane have very little ‘natural’ odour, so highly odorous mercaptans (sulphur compounds isolated from petroleum hydrocarbons) are added to provide an easily detected odour to make it easier to know when natural gas and propane sources are leaking.

Cutting oils, used to lubricate the machinery that cuts threads into metal rods during the manufacture of bolts and screws, can contain ethanolamine additives that increase the water solubility of the oils.  In aged or weathered cutting oils, the ethanolamine additives are broken-down to methyl, dimethyl and ethyl amines.  These amines substances have a ‘fishy’ odour and are highly odorous (i.e., have very low odour thresholds).
3.3.3

Naturally Occurring Chemicals in the Human Body


In addition to intake from external sources, some of the breakdown products of petroleum hydrocarbons are also produced by the actions of microbes (e.g., bacteria) on foods within the human digestive system.  For example, a wide range of reduced sulphur chemicals (e.g., hydrogen sulphide, mercaptans, cathecols, etc.), and various methyl and ethyl amines are naturally produced by the microbes in your digestive systems.  Again, the issue of concern is to ensure that the exposures of these types of chemicals (i.e., doses received) do not exceed the inherent ‘metabolic capacity’ of the body so that adverse effects will not occur.

3.3.4
Potential Health Concerns Arising from Exposures to Emissions in Adjacent to the #6 Windermere Ave.

The concentrations of dust (Total Suspended Particulate or TSP) and various volatile organic chemicals (VOCs) measured on the Property at various time periods are presented in various RWDI reports. The location of the air sampling are shown on the reports.  Generally, TSP concentrations were measured upwind and downwind of the Property.  VOC concentrations were measured upwind and immediately downwind of areas of the Property suspected of being the source of odorous materials. Consequently, the reported concentrations are where the dusts and odours are greatest, and do not consider dilution of concentrations through dispersion off-site where the air concentrations will be less because of dilution during dispersion.  

3.3.4.1
  
Dusts

The sources of dust are important to the assessment of their significance.  Observations of the remediation process underway indicate that none of the contaminated materials create dusts during the excavation and transport processes because of their water content when removed from the ground.  Stockpiles of contaminated materials are transported from the Property as quickly as possible to prevent stock-piles from drying out, thus eliminating dust generation from the stockpiles. 

The dust produced during the remediation activities arise primarily from three sources:

· From the tires of transport trucks on the on-site concrete roadway.  This source of dust can be minimized by street-washing of the concrete roadway and dampening of soils on the site. 

· From the tires of ‘rock trucks’ that transport excavated wastes to stock-piles prior to loading into transport trucks and disposal off-site.  Generally, every reasonable effort is made to ensure that the ‘rock trucks’ move about the Property on uncontaminated soils.  The ‘rock trucks’ do not leave the Property.

· From the concrete crusher and from activities of moving crushed material around the Property.  The concrete crusher has a water system for dampening materials being crushed, thereby limiting the production of dust from the crushing process.  Dusts arising from moving crushed materials can be limited by dampening these materials using the ‘water cannon’ on the street cleaning truck.  

These sources of dust created during remediation of the Property are all from crustal matter rather than particulate matter from combustion sources.  The extensive studies on the potential health impacts of particulate matter (see EPA, 2001) demonstrate marked difference in the health concerns from exposures to particulate matter from combustion sources compared to dusts from crustal matter.  The coarse dusts from crustal material do not result in adverse health impacts.  Two recent large epidemiological studies (Schwartz et al, 1999 and Pope et al, 1999) have shown that no effects are observed from exposures to dusts derived from pulverization of crustal matter.  

Dusts from crustal matter (i.e., such as the soils on the Windermere Property) does not result in health impacts because such particles are coarse (i.e., between 2.5 and 10 micrometer in size; where 1 micrometer is 1 millionth of a meter, or 1 thousandth of a millimeter) (EPA, 2001).  Dusts larger than 10 micrometers in size rapidly settle out of the air and are only an exposure concern to workers in the immediate vicinity.  The large size of dusts from crustal matter stops them from entering your lungs if they are present in the air you breathe.  Therefore, they do not have impacts on people’s health unless air concentrations become extreme where they can physically impair the upper respiratory system.

On the other hand, fine particulate matter can cause serious health impacts (see EPA, 2001).  Fine particulate matter is less than 2.5 micrometers in size.  These adverse health impacts occur in people with sensitizing, predisposing medical diseases such as chronic obstructive pulmonary disease (COPD), chronic cardiovascular disease and severe asthma. Very fine particulate matter (less than 0.1 micrometer in size) from combustion sources are believed to be the main particulate fraction responsible for these disease effects.  For example, combustions sources such as particulate matter from burning organic materials such as coal, wood, etc., and petroleum products (e.g., internal combustion engines, industrial processes).  Such fine particulate matter can enter directly into the lungs from the air you are breathing, causing impacts on the respiratory and cardiovascular systems.

Air quality sampling was conducted by RWDI in September and October 2001, before remediation work began on the Property.   These assessment results indicated coarse TSP concentrations between 9 and 66 ug/m3.

Repeat air quality sampling in May, 2002 showed concentrations of coarse TSP of 100 ug/m3 upwind of the Property, and 200 and 240 ug/m3 downwind on the property.  These samples were collected intentionally on a particularly windy day as indicated by the higher dust values compared to the control period mentioned above.

Since the dusts generated on the Property are from pulverized crustal matter, they are large sized particles and would not gain access to your lungs.  Therefore, no adverse health effects would be expected from exposures to the dust from the Property.  

These dust emissions are, however, a nuisance, causing unwanted aesthetic effects in the surrounding community.  Therefore, every effort must be made to minimize unwanted dust emission from the Property.  

 3.3.4.2    
Volatile Organic Chemicals (VOCs)

The reported air concentrations, safe air concentration values (Reference Air Concentrations, RfCs) and the odour thresholds that have been identified to date for the various hydrocarbons reported in the RWDI reports are presented on Tables 1.   In addition, Table 1 shows the Concentration Ratio (CR) values for each of the VOCs both up-wind and down-wind on the Property.  

The Concentration Ratio values (CR) are calculated by dividing the appropriate air concentration of the chemical reported on the West Property by the Reference Air Concentrations (RfC) ‘safety’ limit value.  ‘Safety’ limits (RfCs) for many of the substances of concern are established by international regulatory agencies (e.g., Health Canada, MOE, USEPA, World Health Organization) and are used world-wide. The RfC values delineate air concentrations that are protective of people’s health following continuous, lifetime exposures (24 hours per day, 365 days per year for 70 years) to the air concentrations specified. 

CR values less than one show that the air concentration of that chemical is less than the appropriate ‘safe’ RfC value.  Since the RfC specifies a ‘safe’ air concentrations assuming continuous, lifetime exposures, chemicals with CR values less than one would not be associated with measurable adverse health effects.

Examination of the CR values in Table 1 are all less than a value of one, indicating that the air concentrations of the various hydrocarbons measured on the Property are less than the recommended air concentration limits (RfCs).  The CR values observed ranged from 0.00013 (1,1,2-trichloro-1,2,2-trifluoroethane) to 0.77 (benzene), with most value less than 0.09.  Since these RfC values are all less than one, no measurable adverse health consequences would occur related to any of the individual VOC emitted from the Property.  

Table 2 provides information to assess the potential health implications from exposures to mixtures of the volatile organic chemicals identified on the property.  This information is important because people would be exposed to all of the chemicals at the same time, not one chemical at a time.  Since many of the chemicals have similar structures, and produce similar biomedical effects, they will act together.  By grouping the chemicals according to broad chemical structures and biomedical end points, then adding the CR values for all chemicals in each group together, an indication of the health implications from exposure to mixtures can be obtained.  Table 2 demonstrates that the total CR values for each of the groups are less than a value of one.   

The following factors affect the degree of confidence that the potential health implications have not been underestimated in the overall assessment:

· The RfC values are established to ensure that either adverse effects would not be observed for ‘threshold chemicals’, or the risk of adverse effects would be in the range of one per million for ‘non-threshold chemicals’, following continuous exposure to the specified air concentrations (i.e., have large safety factors to protect sensitive populations).  

· The RfC values are based on an assumption of continuous, lifetime exposure.  For those chemicals that show a non-threshold dose-response relationship, the RfC has been adjusted to represent a ‘safe’ air concentration for 6 months of continuous exposure (24 hours per day, 7 days per week for 6 months). 

· The air concentrations of the volatile chemicals are based on measurements taken on the property, in close proximity to the identified source of the emissions.  Dilution through dispersion will significantly reduce the air concentrations of the volatile chemicals by the time they reach the surrounding community.  Also, wind directions shift frequently, affecting the direction of movement of the emissions from the Property.

Therefore, the parameters used in the assessment provide a high degree of confidence that indicators of potential health impacts have not been underestimated, and in the conclusion that no adverse health impacts would arise from the dusts and VOCs related to the remediation activities on the West Property. 

3.3.4.3
  
Odours

The information in Table 1 also provides a comparison of the odour thresholds for the various hydrocarbons measured on the property for which odour thresholds could be identified.  The lower the odour threshold, the easier it would be to smell the chemical.  

There can be significant variability between individuals in odour thresholds for chemicals.  Some people will smell the presence of a chemical at air concentrations up to 100-fold less than other individuals.  

In addition, the detection of foreign odours from unknown or poorly understood sources can result in a range of secondary adverse effects such as head aches, dryness of the nose, eyes and throat, skin itching and even nausea under severe conditions.  The observation of such effects does not mean that medical disease processes are happening, and decreasing the concentration of the problem substances in the air to values less than the odour threshold is usually accompanied by disappearance of the associated symptoms.  

The information provided demonstrates three important points:

· The odour thresholds for the more odorous hydrocarbons are substantially less than the recommended safety values.  This means that these hydrocarbons could be smelled at air concentrations below those concentrations considered safe from a health point of view.

· Some of the hydrocarbons have very high odour thresholds, well above their concentrations as measured on the Property by RWDI.  Consequently, these hydrocarbons would not contribute to odours in the Swansea Community.

· The air concentrations measured on the Property for some of the hydrocarbons are greater than their odour thresholds.  These hydrocarbons could contribute to odours in the Swansea Community.

For some hydrocarbons, the human nose is clearly a very sensitive to their odours, providing sensory perception of the presence of the hydrocarbons at air concentrations substantially less than recommended ‘safety’ criteria.  The odours are unquestionably unpleasant and are considered a nuisance, and every effort must be undertaken to reduce the nuisance odours to the lowest levels possible.

4.0      
CONCLUSIONS

Based on the assessment summarized above, no adverse health impacts would be expected from the emissions of dust and volatile organic chemicals (VOCs) at the concentrations measured to date directly on the property at #6 Windermere where maximum air concentrations would occur.  It is evident, however, that the dust and odours related to the remediation activities are a nuisance and every effort should be made to minimize these emissions during the remediation process.

	TABLE 1
        ODOUR THRESHOLDS, INHALATION EXPOSURE LIMITS AND AIR SAMPLING RESULTS FOR # 6 
WINDERMERE

	Substance
	Vapour Pressure1 (mm Hg @ 250C)
	Odour Threshold (ug/m3)
	Inhalation RfC (ug/m3)
	RWDI Air Sampling Results

Downwind (D) & Upwind (U) Concentrations (ug/m3) & Concentration Ratios2 (CR)

	
	
	
	
	May 24, 20023
	July 11, 20024

	
	
	
	
	U
	D
	CR
	U
	D
	CR

	1,1,2-trichloro-1,2,2-trifluoroethane
	363
	342,000 – 1,026,000 [u]
	30,000 (Region 9)
	
	-
	
	3.5
	3.8
	0.00013

	1,2,3-trimethyl benzene
	1.69
	
	
	
	ND
	
	0.3
	0.5
	

	1,2,4-trimethyl benzene
	2.1
	12,000 [d]

36,000*
	5.95 (Region 9)
	
	ND
	
	0.8
	1.4
	0.24

	1,3,5-trimethyl benzene
	2.48
	10,700 [d]
	5.95 (Region 9)
	
	ND
	
	0.3
	0.5
	0.084

	1,4-dichlorobenzene
	1.74
	730 [d]
90,000 – 180,000 [u]
2,190*
	0.159x140 = 22.3 (Region 9)
	
	-
	
	-
	1.1
	0.049

	1-hexene
	184
	
	200 (as hexane)
	
	-
	
	-
	-
	-

	2-butenal
	
	420 [u]
	200 (as hexane)
	
	-
	
	-
	4.7
	0.023

	2-methyl butane
	689
	
	200 (as hexane)
	
	-
	
	6.2
	6.2
	0.031

	2-methyl furan
	156
	90,450 [u]
	200 (as hexane)
	
	-
	
	1.5
	1.5
	0.007

	2-methyl hexane
	66
	
	200 (as hexane)
	
	-
	
	0.9
	0.9
	0.005

	2-methyl pentane
	211
	288.6 [u]
	200 (as hexane)
	
	-
	
	5.3
	5.5
	0.027

	2-methyl propane
	2610
	1,370,000
	200 (as hexane)
	
	-
	
	-
	-
	-

	2-methyl-2-propenal
	155
	
	200 (as hexane)
	
	-
	
	5.8
	5.8
	0.029

	3-methyl hexane
	61.5
	
	200 (as hexane)
	
	-
	
	2.2
	2.2
	0.011

	3-methyl pentane
	190
	
	200 (as hexane)
	
	-
	
	-
	3.2
	0.016

	Acetaldehyde
	902
	120 [d]
360*
	0.5x140 = 70 (IRIS)
	
	-
	
	6.5
	6.5
	0.093

	Acetone
	232
	1,660,000

78,000
	350 (Region 9)
	
	-
	
	23.0
	23.0
	0.066

	Aliphatics
	
	
	
	
	-
	
	63.1
	108.6
	NA

	alpha-pinene
	4.75
	
	70 (as naphthalene)
	
	ND
	
	0.3
	0.3
	0.0043

	Aromatics
	
	
	
	
	-
	
	3.8
	56.4
	NA

	Benzaldehyde
	0.127
	0.8 – 182.3 [u]
	350 (Region 9)
	
	-
	
	-
	-
	-

	Benzene
	94.8
	310,000
	0.13x140 = 18.2 6  (Region 9)
	
	0.3
	0.050
	2.8
	14.1
	0.77

	Butane
	1820
	2,850 – 14,630 [u]
	200 (as hexane)
	
	-
	
	-
	-
	ND

	Camphene
	2.51
	26,000 – 30,000
	70 (as naphthalene)
	
	ND
	
	-
	0.5
	0.0071

	Chlorobenzene
	12
	3,000
	59.5 (Region 9)

10 (HC)
	
	-
	
	-
	-
	ND

	Chloroform
	197
	20,000
	0.043x140 = 6.06 (Region 9)
	
	-
	
	1.4
	1.6
	0.27

	Complex
	
	
	
	
	-
	
	6.7
	20.1
	NA

	Cycloalkanes
	
	
	
	
	-
	
	7.1
	30.7
	NA

	Cyclohexane
	96.9
	1,435 [u]
	20,000 (Region 9)
	
	ND
	
	1.5
	3.8
	0.00019

	decamethyl cyclopentasiloxane
	0.2
	
	1480 (Burns-Nass et al, 2002)
	
	-
	
	0.7
	2.6
	0.0018

	Decane
	1.43
	11,300 [u]
	1,204 (as undecane)
	
	-
	
	1.3
	3.6
	0.003

	Dodecane
	0.135
	37,000 [u]
	1,204 (as undecane)
	
	ND
	
	1.0
	2.6
	0.0022

	Ethanol
	59.3
	190,000
	1750 (as methanol)
	
	-
	
	-
	-
	-

	ethyl acetate
	93.2
	270,000

48,000 
	3,150 (Region 9)
	
	-
	
	2.8
	2.8
	0.00089

	ethyl benzene
	9.6
	2,000 – 2,600 [u]

8,700 – 870,000 [u]
	1,000 (IRIS)
	
	ND
	
	0.8
	1.0
	0.0010

	Heptane
	46
	1,350,000
	200 (as hexane)
	
	-
	
	-
	1.2
	0.006

	hexamethyl cyclotrisiloxane
	3.53
	
	
	
	-
	
	0.6
	2.8
	0.0019

	Hexane
	151
	107,000 [u]
	200 (IRIS)
	
	-
	
	2.9
	2.9
	0.014

	total xylene
	
	
	700 (Region 9)
	
	-
	
	4.0
	4.9
	0.0070

	Isoprene
	550
	1,000 – 10,000 [u]
	70 (as Naphthalene)
	
	-
	
	17.1
	17.1
	0.24

	isopropyl alcohol
	45.4
	120,000

18,800
	1750 (as methanol)
	
	-
	
	-
	-
	-

	isopropyl benzene (cumene)
	4.5
	230

39.2 – 6,370 [u]
	90 (TPH CWG)

400 (IRIS)
	
	-
	
	0.1
	0.5
	0.0056

	m/p-ethyl toluene
	m – 3.04

p – 3.0
	
	700 (as xylene)
	
	-
	
	0.8
	1.3
	0.0019

	m/p-xylene
	m – 8.29

p – 8.84
	m: 2,400

p: 2,200
	700 (Region 9)5
	
	1.0
	0.0014
	3.0
	3.9
	0.0056

	m-cumene
	
	540
	1,000 (as ethyl benzene)
	
	-
	
	0.8
	3.1
	0.0031

	MEK
	90.6
	163,000

16,000

737.5 – 147,500 [u]  
	1,000 (IRIS)
	
	-
	
	1.6
	1.6
	0.0016

	Methanol
	127
	11,700,000

69,000
	1,750 (Region 9)
	
	-
	
	33.1
	33.1
	0.019

	Methyl cyclohexane
	46
	2,000,000 [u]
	3,010 (Region 9)
	
	-
	
	2.1
	2.1
	0.00070

	Molhave-Clansen TVOCs (toluene)
	
	
	
	
	-
	
	270.6
	368.9
	NA

	Naphthalene
	0.085
	1,500 – 125,000 [u]
	707 (IRIS)
	
	-
	
	3.1
	10.3
	0.15

	octamethyl cyclotetrasiloxane
	1.05
	
	
	
	-
	
	0.7
	2.2
	0.0015

	Octane
	14.1
	1,100,000
	200 (as hexane)
	
	ND
	
	-
	2.2
	0.011

	o-ethyl toluene
	2.61
	
	1000 (as ethyl benzene)
	
	-
	
	0.3
	0.5
	0.0005

	Oxygenates
	
	
	
	
	-
	
	15.2
	15.2
	NA

	o-xylene
	6.61
	3,100
	700 (as xylene)
	
	ND
	
	1.0
	1.0
	0.0014

	Pentane
	514
	3,090,000 
	200 (as hexane)
	
	-
	
	4.8
	4.8
	0.024

	PNA
	
	
	
	
	-
	
	11.0
	42.0
	NA

	Propane
	7150
	22,000,000

1,800,000 – 36,000,000 [u]
	200 (as hexane)
	
	-
	
	-
	-
	-

	propyl benzene
	3.42
	14,400 [d]
43,200*
	35 (Region 9)
	
	-
	
	0.2
	0.4
	0.011

	propyl cyclohexane
	4.19
	
	35 (as propyl benzene)
	
	-
	
	-
	1.9
	0.054

	Styrene
	6.4
	640
	1,000 (IRIS)

92 (HC)
	
	ND
	
	0.1
	0.2
	0.0022

	tetrachloroethylene
	18.5
	55,000
	1.75x140 = 2456 (Region 9)
	
	-
	
	0.9
	1.0
	0.0041

	Tetradocane
	
	5,000 [d]
15,000*
	1204 (as undecane)
	
	-
	
	-
	-
	-

	Toluene
	28.4
	260,000

7,000
	400 (IRIS)
	
	1.0
	0.0025
	5.6
	5.6
	0.014

	trichloroethylene
	69
	580,000
	0.58 x 140 = 816 (Region 9)
	
	-
	
	1.8
	1.8
	0.022

	trichlorofluoromethane
	803
	28,000 – 1,170,400 [u]
	700 (Region 9)
	
	-
	
	4.5
	4.7
	0.0067

	Tridecane
	0.0558
	42,000 [u]
	1204 (as undecane)
	
	-
	
	1.9
	3.7
	0.0031

	TVOCs (quantified)
	
	
	
	
	-
	
	261
	359
	NA

	TVOCs (toluene)
	
	
	
	
	-
	
	136
	256
	NA

	Undecane
	0.412
	374,000
	1,204 (Carpenter et al 1978)
	
	ND
	
	-
	4.3
	0.0036


ND
below detection threshold

NA
not applicable (usually indicates a grouping of chemicals)

- 
not sampled

1 
Vapour pressure values were reported from SRC PhysProp On-line Database (www.esc.syrres.com/interkow/physdemo.htm) 

2 
Concentration ratios (CR) are calculated by dividing the detected concentration on-site by the reference concentration (RfC).

3 
Air concentrations reported (RWDI) were sampled 10 m SE of excavated material from pit. 

4 
Air concentrations reported (RWDI) are the maximum concentrations detected downwind along the fenceline, excluding Cabs of Operating Equipment.

5
RfC for total xylenes.

6
RfC adjusted for 6 month exposure duration: RFCadj = RfC x 140.

7
Inhalation RfC derived from oral RfD.

[d]
Detection threshold (the lowest concentration of odourant that will elicit a sensory response in the olfactory receptors of a specified percentage of the population (AIHA, 1989) -- at the detection threshold the subject is aware of the presence of an added substance, but an odour sensation is not necessarily recognized).

[u]
Unknown odour threshold type.

RfC*
RfC calculated from RfD assuming a 70 kg person breathing at a rate of 20 m3/d.

*
Recognition threshold calculated by multiplying detection threshold by 3. In their review Amoore & Hautala (1983) observed that on average the recognition threshold is approximately 3 times the detection threshold.

TABLE 2        COMBINED CHEMICAL GROUPS

Combinations (calculated by adding CR values):

Chemical Group

Group Components



Combined CR 

Alcohols


Ethanol





0.019





Isopropyl alcohol





Methanol

Aldehydes


Acetaldehyde





0.093





Benzaldehyde

Alkyl Benzenes

1,2,3-trimethyl benzene



0.37





1,2,4-trimethyl benzene





1,3,5-trimethyl benzene





Ethyl benzene

Total xylene





Isopropyl benzene (cumene)





m/p-ethyl toluene





m/p-xylene





o-ethyl toluene

o-xylene

Propyl benzene

Styrene 

Toluene

Chemical Group

Group Components



Combined CR 

Alkanes


1-hexene





0.20





2-butenal





2-methyl butane





2-methyl furan





2-methyl hexane





2-methyl pentane





2-methyl propane





2-methyl-2-propenal





3-methyl hexane





3-methyl pentane





Butane

Cyclohexane 

Decane

Dodecane

Heptane

Octane

Pentane

Propane

Tetradocane

Tridecane

Undecane

Benzene


Benzene





0.77

Chlorinated


1,1,2-trichloro-1,2,2-trifluoroethane


0.36

Chemical Group

Group Components



Combined CR 

Alkanes/Alkenes

1,4-dichlorobenzene





Chlorobenzene





Chloroform





ethyl acetate





MEK 

Methyl cyclohexane 

Tetrachloroethylene





Trichloroethylene





Trichlorofluoromethane

Polycyclic Aromatics

Alpha-pinene 





0.40

Camphene





Isoprene 

Naphthalene

Siloxanes


Decamethyl cyclopentasiloxane


0.0052





Hexamethyl cyclotrisiloxane





Octamethyl cyclotetrasiloxane

5.0      
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