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23B.1 Introduction 
This appendix provides technical information related to the quantitative assessment of chronic 
exposure and the potential risks to humans from chemicals associated with the Sturgeon 
Project, herein referred to as “the Project.” 

Estimates of potential exposure to chemicals of potential concern (COPC), at specified receptor 
locations was based on the following principles and variables: 

• specific physical, chemical and biological factors that determine the rate and amount of 
uptake of a chemical into the body 

• physical and chemical characteristics which determine the interaction and behaviour of a 
chemical with its surrounding environment (e.g., water solubility, volatility, tendency to bind 
to particles) 

• characteristics of the site and surrounding area 

• characteristics of the environmental compartments at the site (e.g., air and soil), as well as 
the quantities of chemicals entering the compartments from various sources, and their 
persistence in these compartments 

• behavioural and lifestyle characteristics of the human receptors that determine the actual 
exposure through interactions of the receptors with various pathways (e.g., respiration rate, 
body weight) 

• mathematical equations developed from empirical or theoretical relationships between 
human exposure variables 

In order to facilitate the understanding of the multimedia exposure model a worked example is 
provided for an adult agricultural receptor exposed to total aliphatic C5-C8 group for the 
application case of the Project. 

23B.2 Assumptions and Methods Used to Predict Environmental 
Media Concentrations 

In order to quantify potential human exposure and associated health impacts from atmospheric 
emissions from the proposed Project, chemical concentrations within various environmental 
media were estimated from predicted maximum ground-level air concentrations. Chemical 
concentrations were estimated based on air concentrations in the following media: 

• soil 
• indoor air and dusts 
• vegetation (i.e., root vegetables, leafy vegetables, and fruit) 
• livestock (i.e., beef, dairy, chicken, and chicken eggs) 
• wild game (i.e., white-tailed deer and ruffed grouse) 

Many of the equations and assumptions used to predict environmental media concentrations 
were provided by the U.S. Environmental Protection Agency’s Office of Solid Waste 
(US EPA OSW 2005). In addition to providing the equations and algorithms, the following 
sections provide the methodology used to quantify exposure and estimate risk. Maximum 
annual average ground-level air concentrations and deposition rates were predicted at 230 
receptor locations. The chronic health risk assessment included potential exposures for 
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agricultural, residential and commercial receptors. Similar methodologies were applied to all 
receptors, receptor locations and COPCs. 

23B.2.1 Chemical Concentrations in Soil 
Cantox Environmental Inc. (CEI) predicted chemical concentrations in soil using maximum 
ground-level air concentrations at the receptor locations. Soil concentrations were estimated by 
CEI for persistent volatile organic compounds based on predicted maximum annual average 
concentrations and literature derived deposition velocities. 

The equations used by CEI to estimate deposition are described below. Predicted soil 
concentrations used for the multimedia exposures assessment for each COPC, and scenario 
are presented in Table 23C-4 in Appendix 23C. 

23B.2.1.1 Atmospheric Deposition of Particulates and Vapour 
Atmospheric deposition of chemicals occurs in two modes, wet and dry deposition 
(Golomb et al. 1997). In wet deposition, aerosols and gases are dissolved or suspended in 
precipitation such as rain, snow, hail, fog or mist. Dry deposition of particles occurs by direct 
impaction and gravitational settling on land or water surfaces.  

Calculating the wet vapour deposition velocity: 

CFSRPV awvd ××=  

Where: 

Vwvd = wet deposition velocity [m/s]  

Pa = annual precipitation rate [m/year] 

SR = scavenging ratio [200,000 unitless] 

CF = conversion factor from years to seconds [3.1709979E-08 year/s] 

The scavenging ratio represents the ratio between the volume of air a typical raindrop will 
sweep through as it falls to the earth relative to the volume of the rain drop. Therefore, a typical 
raindrop will fall through a volume equal to 200,000 (Mackay 1991) times its volume prior to 
landing on land or water. Canadian climate normals recorded at Fort Saskatchewan Alberta 
between 1971 and 2000 provides a precipitation rate of 459.5 mm/year (Environment Canada 
2006). Using this value the wet deposition velocity is estimated to be 0.003 m/s. The human 
health risk assessment used a wet deposition velocity of 0.004 m/s to be conservative and 
consistent with previous assessments. 

0.003 = 0.4595 × 200,000 × 3.17E-08  

23B.2.1.2 Converting the Air Concentration to a Deposition Rate 
Combining the predicted ground-level air concentration with the wet vapour deposition velocity 
will yield the loading rate of chemical to soil. 

21 CFCFVVPCD fa ××××=  
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Where: 

D = vapour or particulate deposition rate [mg/m2/year] 

Ca = concentration in air [μg/m3] 

VPf = vapour or particulate phase fraction [%] 

V = wet or particulate phase deposition velocity [m/s] 

CF1 = conversion factor 3.1536E+07 [s/year] 

CF2 = conversion factor 0.001 [mg/μg] 

The above equation is used to calculate the following forms of chemical deposition to soil: 

• wet vapour deposition (Dwv) 
• wet particle deposition (Dwp) 
• dry vapour deposition (Ddv) 
• dry particle deposition (Ddp) 
• Dwv = 428.5 = 3.397 × 100% × 0.004 × 3.1536E+07 × 0.001 
• Dwp = 0 = 3.397 × 0% × 0.004 × 3.1536E+07 × 0.001 
• Ddv = 1071 = 3.397 × 100% × 0.01 × 3.1536E+07 × 0.001 
• Ddp = 0 = 3.397 × 0% × 0.01 × 3.1536E+07 × 0.001 
• total deposition = 1499.5 =428.5 + 0 + 1071 + 0 

23B.2.1.3 Calculating the Deposition Term and Soil Concentration  
The following describes the methodology used to derive soil concentrations on a mass per mass 
basis (µg/g), given the appropriate air dispersion data.  

Deposition to soil was calculated using the following equation: 

BDZ
DwvDdvDwpDdpD

s
s ×

+++
=

)(
 

Where: 

Ds = chemical-specific deposition (mg of chemical /kg of soil/year) 

Ddp = chemical-specific dry particle deposition rate (mg/m2/year) 

Dwp = chemical-specific wet particle deposition rate (mg/m2/year) 

Ddv = chemical-specific dry vapour deposition rate (mg/m2/year) 

Dwv = chemical-specific wet vapour deposition rate (mg/m2/year) 

Zs = soil mixing zone depth (m) 

BD = soil bulk density (kg soil/m3 soil) 

15002.0
5.1499998.4

×
==sD  
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23B.2.2 Calculating Chemical Loss Constants from Soil 
There are several processes by which chemicals may be lost from soil. These processes may or 
may not occur simultaneously. The total rate at which a chemical is lost from soil was 
designated as ks. There are five mechanisms by which compounds may be lost from soil: 
leaching, runoff, erosion, biotic and abiotic degradation and volatilization. Only abiotic and biotic 
degradation and volatilization processes were considered for this assessment. 

23B.2.2.1 Chemical Loss via Biotic and Abiotic Degradation 
The degradation rate can be calculated as follows if the soil half-life (t1/2) is known: 

2/1

693.0
t

ksg =  

Where: 

Ksg = biotic and abiotic degradation rate (years-1) 

t1/2 = biotic and abiotic half life (years) 

For organics, soil half-life values for abiotic and biotic degradation were obtained from US EPA 
OSW 2005; Howard et al. 1991; and Mackay et al. 1992. 

Ksg = 0.355 yr-1 

23B.2.2.2 Chemical Loss via Volatilization 
The t1/2 can also be predicted with established relationships between vapour pressure, water 
solubility, and soil adsorption coefficient (Swan et al. 1979). 

days
P

SK
t

vp

oc
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
×= −8

2/1 1058.1  

Where: 

t1/2 = soil half-life [days] 

Koc = soil sorption coefficient [(µg/g) / (µg/ml)] 

S = water solubility [mg/L] 

Pvp = vapour pressure [mm Hg] 

t1/2 = ⎟
⎠
⎞

⎜
⎝
⎛ ×

××=× −−

9.47
40.539801058.11009.7 86  

The half-life is then converted to a rate constant using the following equation: 

CF
tksv

2/1

693.0
=  
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Where: 

Ksv = volatilization loss rate (years-1) 

t1/2 = volatilization half life (days) 

CF = conversion factor (365 days/year) 

ksv = 
365

1009.7
693.01057.3 6

7
−×

=×  

23B.2.2.3 Total Soil Loss Constant 

ksvksgks +=  

Where: 

ks = chemical-specific soil loss constant due to all processes (year-1) 

ksg = chemical-specific soil loss constant due abiotic and biotic degradation (year-1) 

ksv = chemical-specific soil loss constant due to volatilization (year-1) 

ks = 3.57E+07 = 0.355 + 3.57E+07 

23B.2.3 Calculating Final Soil Concentrations 
Average soil concentrations from depositional sources are estimated with the following 
equation: 

( )[ ]
ks

tDksDC s
s

×−−×
=

exp1

 

Where: 

Cs = average soil concentration over exposure duration (mg/kg soil) 

Ds = deposition term (mg of chemical/kg soil/year for untilled and tilled soils, respectively) 

T1 = time period at the beginning of combustion (years) 

ks = chemical soil loss constant due to all processes (year-1; calculated above) 

tD = time period over which deposition occurs (years) 

CStD = soil concentration at time tD (mg/kg) (equivalent to Cs for non-carcinogens) 

T2 = length of exposure duration (75 years; applicable for carcinogens only) 

( )[ ]
7

7
7

1057.3
751057.3exp1998.4104.1

×
××−−×

=×= −
sC  
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23B.2.4 Vegetation Tissue Concentration 
The uptake of chemicals into vegetation (i.e., root vegetables, leafy vegetables, forage, grain 
and fruit) is a topic that has been extensively reviewed. Chemicals are taken up into vegetation 
from three sources: particulate in air (dust or aerosols); vapours in air (gases); and, subsurface 
compartments (soil, water) (Rolfe 1972; Baes 1982; Travis and Hattemer-Frey 1988; Boon and 
Sultanpour 1992; Muller et al. 1993; Schroll and Scheunert 1993; McCrady and Maggard 1993). 
The magnitude of uptake from these sources has been correlated with physical/chemical 
parameters (vapour pressure, octanol water partition coefficient, etc.), with soil parameters 
(fraction of organic carbon, soil moisture, clay content, etc.), with plant parameters (lipid content, 
moisture content, etc.) and with chemical concentrations in the principle sources mentioned 
earlier (US EPA OSW 2005). 

The methodology used to estimate the contribution from each route of chemical uptake in 
vegetation is described in the following sections. Predicted plant tissue concentrations are 
presented in Table 23C-2 in Appendix 23C based on predicted maximum annual average air 
concentrations for the selected receptor locations. Measured baseline concentrations for 
polycyclic aromatic hydrocarbons (PAHs) in vegetation were not incorporated in the multimedia 
assessment because all samples and PAHs were non-detect (see Appendix 23D). Instead, the 
multimedia exposure assessment predicted plant tissue concentrations based on predicted 
annual air concentrations at receptor locations. The following mechanisms were included when 
estimating the uptake of chemicals into the tissue of plants. 

• direct deposition of particles 
• air to aboveground produce (vapour transfer to leaves/foliage) 
• soil to aboveground produce 
• soil to belowground produce 

23B.2.4.1 Produce Concentration Due to Direct Deposition 
Atmospheric deposition was considered for plants whose edible portions are aboveground and 
where the chemical potentially exists in particulate form. The following equations were used to 
predict produce concentration due to direct wet and dry deposition processes.  

( )[ ] ( )[ ]
kpYp

TpkpRDwpFwDdp
Pd p

×

×−−×××+×
=

exp0.1001.0
 

Where: 

Pd = plant (aboveground produce) concentration due to direct (wet and dry) deposition 
(mg of chemical/ kg DW) 

Ddp = yearly average dry deposition from particle phase (µg/m2/year) 

Dwp = yearly average wet deposition from particle phase (µg/m2/year) 

0.001 = mg/µg 

Rp = intercept fraction of edible portions of plant (unitless) 

kp = plant surface loss coefficient (year-1) 

Tp = length of plant exposure to deposition per harvest of the edible portion of the ith plant 
group (unitless) 
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Yp = crop yield or productivity (kg DW / m2) 

Fw = fraction of chemical wet deposition that adheres to plant (unitless; 0.2 for anions and 
0.6 for cations and most organics recommended; used 0.6) 

Pd = 0 = ( )[ ] ( )[ ]
18246.0

16.018exp15.0 00.60001.0
×

×−−×××+×  

Intercept Fraction 
The US EPA OSW (2005) recommends the use of the default Rp value for forage of 0.5. This 
represents the most current information available with respect to productivity and relative 
ingestion rates. Experimental studies as summarized by Baes et al. (1984) suggested a 
correlation between interception fractions and productivity (standing crop biomass (Yp) 
Chamberlain 1970): 

YpeRp γ−−= 1  

Where: 

Rp = intercept fraction of the edible portion of the plant (unitless) 

γ = empirical constant Chamberlain (1970) presents a range of 2.3 to 3.3 

Yp = yield or standing crop biomass (productivity) (kg WW/m2) 

Rp = 0.5 = ( )246.088.2exp1 ×−−  

Initially, Baes et al. (1984) developed intercept fractions values for three classes of vegetation 
(vegetables, silage and exposed produce). These intercept fractions were independent of plant 
specific crop yields and as a result led to surface plant concentration predictions that were 
unreasonable. Baes et al. (1984) used an empirical constant developed by Chamberlain (1970), 
which was then used to generate class-specific empirical constants (γ). The US EPA (1994c) 
and US EPA (1995b) proposed a default aboveground Rp value of 0.05. These values were 
weighted by relative ingestion of each class to derive a weighted average. The relative ingestion 
rates used by US EPA (1994c) and US EPA (1995b) were not consistent with the Exposure 
Factors Handbook (US EPA 1997), and therefore the suggested value of 0.05 is no longer used. 
As a result, produce classes were combined into two groups – exposed fruit and exposed 
vegetables. The exposed produce constant (γ) of 0.0324 developed by Baes et al. (1984) was 
used to estimate an Rp value. Since the exposed produce category includes leafy vegetables 
and fruiting vegetables, Rp was calculated for both leafy and fruiting vegetables. For exposed 
vegetables, Rp was determined by a weighted average of the crop yields of leafy and fruiting 
vegetables. Relative ingestion rates from the Exposure Factors Handbook (US EPA 1997) were 
then used to derive a weighted Rp value 0.39 for above ground garden produce (US EPA OSW 
2005). 

Plant Surface Loss Coefficient 
The US EPA (1990) identified several processes that contribute to the loss of contaminants on 
vegetative surfaces. The three mechanisms of removal considered included wind removal, 
water removal and growth dilution. These three mechanisms or processes contribute to the 
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reduction of contaminant that has deposited on vegetative surfaces. The kp value is a measure 
of the amount of contaminant loss due to these three mechanisms. Miller and Hoffman (1983) 
used the following relationship to relate half-life times to kp values. 

yeardaystkp /365)/2(ln 2/1 ×=  

Where: 

t1/2 = half-life (days) 

Miller and Hoffman (1983) reported half-life values of 2.8 to 34 days for a number of different 
chemicals on vegetative surfaces, which resulted in kp values of 7.44 to 90.36 (year-1). As a 
result, the US EPA (1993, 1994a) and the US EPA OSW (2005) recommend a default kp value 
of 18, which corresponds to a 14-day half-life. 

Growing Season or Length of Plant Exposure per Year 
Belcher and Travis (1989) estimated that forage crops are exposed on average approximately 
60 days during the growing season, before harvest. US EPA (1990, 1993) and the NC DEHNR 
(1997) recommend a value of 60 days or 0.16 years. Similar assumption was made for the 
growing season of garden produce. 

Yield or Standing Crop Biomass or Productivity 
The US EPA OSW (2005) recommends using a value of 0.246 kg DW/m2 for forage and 2.24 kg 
DW/m2 for garden produce. The following equation is used to estimate the forage or crop yield. 

i

i

Ah
Yh

Yp =  

Where: 

Yp = yield (kg/ DW/m2) 

Yhi = harvest yield of the ith crop (kg DW) 

Ahi = area planted to the ith crop (m2) 

Fraction of Chemical that Adheres to Plant Surfaces 
The US EPA OSW (2005) recommends using the chemical class-specific values of 0.2 for 
anions and 0.6 for cationic compounds. This parameter describes the fraction of wet deposition 
that would adhere to plant surfaces. 
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23B.2.4.2 The Air-to-Plant Biotransfer Factor for Aboveground Produce 
The air-to-plant biotransfer factor (Bv) can be defined as the ratio of chemical in aboveground 
plant parts to the concentration of chemical in ground level air (US EPA OSW 2005). According 
to the US EPA (1995a), root vegetables are protected from this mechanism of uptake. For all 
organic chemicals, the air-to-plant transfer factors were based on work with azalea leaves by 
Bacci et al. (1990 and 1992). 

The following equation was used to calculate aboveground plant tissue concentrations due to 
vapour uptake. 

( )MC
VGFBC

P
air

agvvair
v −×

×××
= 1

ρ
 

Where: 

Pv = COPC concentration in plant (µg/kg wet weight) 

Cair = COPC concentration in air (µg/m3) 

Bv = mass-based air-to-plant biotransfer factor (µg/g dry-weight plant / µg/g air) 

Fv = Fraction of chemical in vapour phase 

VGag = Empirical correction factor for above ground produce (Unitless) 

ρair = density of air 1.19 kg/m3 (Weast 1981) 

MC = 0.85 (fraction of forage that is water; McCrady and Maggard 1993) 

Pv = 2.1E-07 = ( )85.01
1200

1%1001054.3 4

−×
×××× −

 

Studies based on the Welsch-Pausch et al. (1995) experiments, as by Lorber (1995), suggested 
a factor of 100 be applied to all biotransfer factors for organics estimated using the Bacci et al. 
(1992) methodology.  

Empirical Correction Factor 
Lipophilic compounds (i.e., those compounds with a Log Kow greater than 4) are generally not 
able to pass through the skin to the inner portions of bulky produce as easily as those 
compounds which tend to be more water soluble (i.e., a Log Kow less than 4). Therefore the 
US EPA OSW (2005) recommends using an empirical constant of 0.01 for those compounds 
considered more lipophilic (i.e., Log Kow greater than 4) and a constant of 1 for those with Log 
Kow less than 4. 

The following equation was derived by Bacci et al. (1992) and is based on the evaluation of 14 
different compounds to develop a relationship with Kow and Henry’s Law. 

654.1loglog065.1log −⎟
⎠
⎞

⎜
⎝
⎛−=

RT
HKB owvol
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Where: 

Bvol = volumetric air-to-plant biotransfer factor (fresh-weight basis) 

log Kow = log of the octanol-water partition coefficient (unitless) 

H = Henry's Law constant of the compound (atm m3/mol) 

T = room temperature in Kelvin (293 K)  

R = gas constant (8.207E-05 atm m3/K mol) 

logBvol = 0.698 = 654.1
288000082.0

20.1log81.3065.1 −⎟
⎠
⎞

⎜
⎝
⎛

×
−×  

The mass based air-to-plant biotransfer factor is calculated with the following equation. 

( ) foragewater

vol
air

v
CF

B
B

ρ

ρ

×∫−

×
=

1
 

Where: 

Bv = mass-based air-to-plant biotransfer factor (µg/g dry-weight plant / µg/g air) 

Bvol = volumetric air-to-plant biotransfer factor (fresh-weight basis) 

CF = correction factor 

ρair = density of air 1.19 g/L (Weast 1981) 

ρforage = 770 g/L (McCrady and Maggard 1993) density of forage 

ƒwater = 0.85 (fraction of forage that is water; McCrady and Maggard 1993) 

Bv = 5E-04 = ( ) 77085.01
100

989.419.1

×−

×
 

As recommended by US EPA OSW (2005), the Bvol value for organics (except dioxins and 
furans) should be reduced by a factor of 100 before use. This factor was applied to the garden 
produce, the forage (i.e., for agricultural livestock) and the browse (i.e., for wildlife) pathway.  

23B.2.4.3 Above and Belowground Vegetation Concentrations 
Aboveground (protected and unprotected) and belowground produce were subject to root 
uptake. Contaminants present in soil can be taken up into edible portions of above and 
belowground produce. As a result, two methods of predicting contaminated concentration in 
edible plant concentrations have been recommended by the US EPA OSW (2005). These 
methods are consistent with other US EPA guidance documents (US EPA 1994b, 1994c, 
1995b).  
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Aboveground Produce 

( ) ( )MCBrCs ag −××= 1Pr  

Where: 

Pr = contaminant concentration in produce as a result of root uptake (mg/kg WW) 

Cs = tilled soil concentration (mg/kg soil) 

Brag = plant-soil bioconcentration factor for aboveground produce (unitless; calculated 
below for organics) 

MC = 0.85 (fraction of forage that is water; McCrady and Maggard 1993) 
 

Pr = 1E-08 = (1.4E-07 × 0.243) × (1-0.85) 

A substantial amount of empirical data available in the literature demonstrates there is 
significant uptake of organics into plants. Organic chemicals in soils were reported to be taken 
up by vegetation (i.e., carrots, tomatoes, potatoes and narcissus) through the roots (Iwata and 
Gunther 1976; Cocucci et al. 1979; Bacci and Gaggi 1985; Travis and Arms 1988; Schroll and 
Scheunert 1993). Travis and Arms (1988) reported that uptake of organic chemicals by 
vegetation is correlated to octanol-water partition coefficients (Kow). 

The Travis and Arms (1988) method, as modified by Travis and Blaylock (1992), was used to 
estimate the bioconcentration of organic chemicals from soil to vegetation via root uptake. This 
method was based on measured data that demonstrated that the bioconcentration factor for an 
organic chemical in vegetation is inversely proportional to the square root of the octanol-water 
partition coefficient (Kow). Root uptake of organics has been correlated with Kow and has been 
shown to decrease as Kow increases (Briggs et al. 1982; in Travis and Blaylock 1992). A 
geometric mean regression analysis of data for 29 different organic chemicals demonstrated a 
relationship between bioconcentration factors in vegetation and octanol-water partition 
coefficients (r = 0.73) (Travis and Arms 1988). The first step of the method of Travis and Arms 
(1988), as modified by Travis and Blaylock (1992), is to calculate a chemical-specific 
bioconcentration factor for vegetation. The bioconcentration factor for aboveground vegetation 
(Brag) is defined as the ratio of the concentration in the plant (µg of chemical/g of dry plant) to 
the concentration of the chemical in the soil (µg of chemical/g of dry soil). The Brag can be 
calculated for organic chemicals according to the formula, for organics only. 

578.073.38 −= owag KBr  

Brag = 0.243 = 38.73 × (6460)-0.578 



Sturgeon Upgrader Project Volume 2: Environmental and
Appendix 23B: Multi-Media Exposure Model Description Socio-economic Impact Assessment
 

December 2006  
Page 23B-14  
 

23B.2.4.4 Belowground Produce 
Belowground produce would refer to all root-vegetables and therefore concentrations derived 
using this methodology would only be applied to root-vegetable consumption rates. 

( ) ( )MCVgBrCs rootrootvegbg −×××= 1Pr  

Where: 

Prbg = contaminant concentration in belowground produce as a result of root uptake 
(mg/kg WW) 

Cs = soil concentration (mg/kg soil) 

Brrootveg = plant-soil bioconcentration factor for belowground produce (unitless; calculated 
below) 

Vgroot = empirical correction factor for belowground produce (1; unitless) 

MC = 0.85 (fraction of forage that is water; McCrady and Maggard 1993) 

Prbg = 1E-08 = (1.4E-07 × 0.653 × 1.0) × (1-0.85) 

Vgroot is dependant on the lipophilic nature of the chemical of concern. For compounds with a 
Log Kow greater than 4, an empirical correction factor of 0.01 was assigned. For a compound 
with a Log Kow less than 4, a value of 1.0 was applied.  

Where the plant-soil bioconcentration factor for belowground produce is as follows: 

s
rootveg Kd

RCFBr =
 

Brrootveg = 0.653 = 26 /39.8  

The root concentration factor (RCF) for organic compounds has been obtained from 
Briggs et al. 1982. 

The following equation estimates a RCF value in fresh weight. The following equation must be 
adjusted to a dry weight basis using a moisture content of 85% in root vegetables (Pennington 
1994). This relationship is recommended by other regulatory documents such as the US EPA 
(1994a). 

( ) 52.177.0 −= owLogKRCFLog  

RCF = 26 = ( )52.181.377.010 −×  
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The soil-water partitioning coefficient (Kds) describes the partitioning of a chemical between soil 
pore-water and soil particles. For organics, Kds has been defined by the following equation. 

sococs fKKd ,×=  

Where: 

Koc = soil organic carbon-water partition coefficient (mL/g) 

ƒoc,s = fraction organic carbon in soil (US EPA OSW 2005) 

Kds= 39.8 =3980 × 0.01 

23B.2.5 Livestock and Game Tissue Concentrations 
Livestock and wildlife game tissue concentrations were calculated following the US EPA OSW 
(2005) methodology. For the purpose of estimating tissue residue levels, receptors were 
assumed to be exposed to chemicals through consumption of impacted soil and food. Estimated 
forage concentrations were based on a similar methodology to that used for predicting 
vegetation concentrations as described previously. Predicted livestock and wildlife game tissue 
concentrations are listed in Table 23C-1 in Appendix 23C and are based on predicted maximum 
air concentrations for the selected receptor locations.  

The following equations were used to calculate the total daily dose of a chemical for an animal 
via the ingestion of soil, food and water, and inhalation of air. Biotransfer factors (BTF) have 
been included based on the US EPA OSW (2005) to translate the estimated daily dose of a 
chemical (mg of chemical/day) to a tissue concentration. When empirical data are lacking, one 
of the most widely used approaches is the regression model developed by Travis and Arms 
(1988), however these regressions are hampered by the limited log Kow range and questions 
surrounding the validity of the underlying biotransfer data set. New biotransfer models have 
been developed (RTI 2005) and incorporated within the assessment as recommended by the 
US EPA OSW (2005). The following equation was developed to predict the transfer rate of 
chemical intake into fat tissue. The fat tissue concentration is converted to a tissue 
concentration based on the fat content of the desired tissue (i.e., muscle or milk). 

( ) ( ) ( ) 56.3log07.1log099.0log 2 −×+×−= owow KKBTF  

Where: 

BTF = biotransfer factor ([mg/kg-fat] / [mg/day]) 

Kow = octanol water coefficient 

BTF = 0.12 = 56.3)6460log(07.1)6460log(099.0 2

10 −×+×−  

The BTF was adjusted with the fat content of milk or beef to predict the tissue concentration. 
Beef and deer meat fat content was assumed to be 19%, chicken and grouse meat fat content 
was assumed to be 14%, dairy fat content was assumed to be 4%, and chicken egg fat content 
was assumed to be 8% (US EPA OSW 2005). The BTF equation is appropriate for organic 
chemicals lacking empirical biotransfer data and having a log Kow between -0.67 and 8.2.  
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The BTF was adjusted to account for the amount of fat in the tissue based on the following 
equation. 

FCBTFBTFa ×=  

Where: 

BTFa = adjusted BTF for fat content of tissue ([mg/kg-tissue] / [mg/day]) 

BTF = biotransfer factor ([mg/kg-fat] / [mg/day]) 

FC = fat content of tissue (%) 

BTFa = 2.28E-02 = 0.12 × 19% (Deer fat content) 

Chemical concentrations in livestock and game meat, as well as in dairy and chicken eggs, 
were then predicted based on the following equation. 

( ) ( )∑ ×+×××××= SIRCFIRFPCMFBTFC soilPiPiPiaanimal  

Where: 

Canimal = chemical concentration in animal (mg/kg fresh weight) 

BTFa = adjusted BTF for fat content of tissue ([mg/kg-tissue] / [mg/day]) 

MF = metabolism factor (unitless) 

CPi = COPC concentration in ith plant food item (mg/kg) 

PPi = proportion of ith plant food item in diet that is contaminated (unitless) 

FPi = fraction of diet consisting of ith plant food item (unitless) 

FIR = food ingestion rate (kg/day) 

Csoil = COPC concentration in soil (mg/kg) 

SIR = soil ingestion rate (kg/day) 

Deer Canimal =9.0E-09 = 2.28E-02 × 1.00 × ((1.49E-06 × 100% × 100% × 0.261) + (1.4E-07 × 
5.22E-03))  

23B.2.5.1 Metabolism Factor 
As provided in the methodology for predicting cattle biotransfer factors (RTI 2005, US EPA 
OSW 2005), the equation that is used to estimate BTF values (calculated above) might over 
estimate biotransfer of highly metabolized chemicals. The dataset used to estimate the 
polynomial relationship between BTFs and Kow is based on anthropogenic chemicals that are 
persistent (e.g., pesticides) and potentially biomagnify (e.g., pesticides, PCBs, dioxins and 
furans). Polycyclic aromatic hydrocarbons were not included in the dataset used to develop the 
empirical relationship and were identified as potentially highly metabolized chemicals by 
livestock and game (i.e., mammals). Depending on the compound, lipophilicity or Kow measures 
are not always a good predictor of tissue concentrations (Hofelt et al. 2001). Therefore, peer-
reviewed literature was referenced to determine defensible metabolism factor (MF) values for 
livestock and game tissues.  
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PAHs released into the atmosphere are available for uptake by wildlife predominantly through 
plant accumulation by atmospheric transfer and deposition (Lodovici et al. 1995, Slaski et al. 
2000, Kapustka 2004, Ramesh et al. 2004). The transfer of PAHs in the food chain to livestock 
has been investigated for goats and pigs (Laurent et al. 2001, Grova et al. 2002, Laurent et al. 
2002). These studies demonstrate that PAHs are poorly absorbed from diet or readily 
metabolized and excreted. The evidence strongly suggests that PAHs are extensively 
metabolized and eliminated (Ramesh et al. 2004). Hofelt et al. (2001) overcame these 
limitations for human health assessment by deriving PAH MF values for use in multi-pathway 
risk assessment. MF values reported for some PAHs are provided in Table 23B-1. The MF 
values are derived for use with diverse matrices such as milk, beef, chicken, eggs and pork 
(Ramesh et al. 2004).  

Table 23B-1: Metabolism Factors for PAHs 
Chemical Animal Model Metabolism Factor 

Benz(a)anthracene Rat 0.001 
Benzo(a)pyrene Mouse 0.004 
Pyrene Rat 0.003 

The MF values provided by Hofelt et al. (2001) were based on the lowest elimination rate 
constants when available (e.g., benz(a)anthracene ke ranged from 0.05 to 0.84 hour-1). Based 
on the evidence provided, the most appropriate MF value of 0.001 was selected and was 
modified for consideration of interspecies uncertainty factor composed of a pharmacokinetic 
factor of 3 and a pharmacodynamic factor of 3 designed to account for metabolic difference 
between species. The recommended MF value of 0.01 was used in the assessment.  

23B.2.6 Calculation of Breast Milk Biotransfer Factor 
The potential health effects associated with the ingestion of chemical-impacted breast milk by 
nursing infants was considered in the current assessment. Chemicals with the tendency to bio-
accumulate were assessed for the infant’s exposure to the mother’s milk. The maximum fraction 
of chemical expected to bioaccumulate was calculated using the following approach. 

BMBTF = 2.0e-07 × Kow (McKone 1992) 

Where: 

BMBTF = breast milk biotransfer factor ([μg/kg milk]/[μg/day intake]) 

Kow  = octanol-water partition coefficient 

BMBTF = 0.0013 = 2.0E-07 × 6460 
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23B.2.6.1 Calculation of Chemical Concentration in Breast Milk 

1000
BTFmothermother BMBWEXPCBM ××

=  

Where: 

CBM = chemical concentration in breast milk (μg/g milk) 

EXPmother = mother’s total daily exposure to chemical via all routes (μg/kg/day) 

BWmother  = mother’s body weight (kg) 

BMBTF = breast milk biotransfer factor (μg/kg milk)/(μg/day intake) 

1000 = unit conversion factor (g/kg) 

CBM =6.96E-05 = 
1000

0013.07.70757.0 ××  

23B.2.7 Conversion from Dry Weight to Wet Weight  
The current methodology estimates vegetation concentrations on a dry weight basis. Since 
homegrown produce will be consumed on a fresh weight basis, dry weight concentration 
estimates were converted to a fresh (or wet) weight basis. A moisture content of 85% was used 
to represent average moisture content of vegetation. The following equation was applied to 
estimate produce concentrations on a fresh (or wet) weight basis. 

( ) ( )Wet Weight Conc Dry Weight Conc
moisture content

. .= × −
⎛
⎝⎜

⎞
⎠⎟1

100  

or 

( ) ( )

⎟
⎠
⎞

⎜
⎝
⎛ −

=

100
_1

____
contentmoisture

ConcWeightWetConcWeightDry  

23B.3 HUMAN RECEPTOR CHARACTERISTICS 

23B.3.1 Receptor Selection 
For the current risk assessment, general physical characteristics of a typical Canadian were 
based on documents published by Health Canada (1994, 2004), CCME (1996, 2000, 2006) and 
O’Connor Associates Environmental Inc. and G. Mark Richardson (O’Connor and Richardson 
1997). Three receptor types were evaluated in the multimedia assessment: 

1. Agricultural Receptor (Table 23B-2) 

2. Residential Receptor (Table 23B-3) 

3. Commercial Receptor (Table 23B-4) - Only assessed for the inhalation, soil ingestion and 
dermal absorption pathway 
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Consumption rates are often modified through the use of adjustment factors to account for the 
amount of food that is locally derived or to apportion a food consumption rate into particular 
foods. The use of an adjustment factor depends on the basis of the study used to derive the 
consumption rate and expected amount of food in an individual’s diet that is obtained from local 
sources. Consumption rates, adjustment factors and modified consumption rates are explicitly 
defined for each receptor in Tables 23B-2 and 23B-3 and are based on the following equation: 

ii
n

i AFCRFIR
a

×=  
Where 

FIRa
i = adjusted food ingestion rate for food item “i” 

FIRn
i = consumption rate for food item “i” (g/day) 

AFi = adjustment factor for food item “i” (%) 

FIRaDeer = 45 = 90 × 50% (Calculated for adult residential receptor) 

Calculations were required to convert the total skin surface areas to the seasonal values 
provided in Tables B-2 to B-4. These surface areas were calculated by applying seasonal 
percentages of skin exposed (provided by US EPA 1997) to the whole body surface area 
(provided by O’Connor and Richardson 1997). The US EPA (1997) suggests refining estimates 
of surface area exposed on the basis of seasonal climates; “…it may be reasonable to assume 
that 5 percent of the skin is exposed during the winter, 10 percent during the spring and fall, and 
25 percent during the summer”. For the risk assessment, it was assumed that 10% of the skin is 
exposed during the winter and 25% during the summer. These percentages were multiplied by 
the whole body surface areas for each age group to derive the seasonal exposed surface area. 

Table 23B-2: Assumed Physical Characteristics and Consumption Rates for the 
Agricultural Receptor 

Variable Units Adolescent Adult Child Infant Toddler Reference 
Physiological Parameters 

Body weight  Kg 59.7 70.7 32.9 8.2 16.5 Health Canada 
2004 

Breathing rate m3/day 15.8 15.8 14.5 2.1 9.3 Health Canada 
2004 

Whole body 
surface area 

m2 1.5 1.7 1.0 0.4 0.6 O’Connor and 
Richardson 
1997  

Hand surface 
area 

m2 0.076 0.083 0.059 0.032 0.043 O’Connor and 
Richardson 
1997 

Soil adherence 
factor 

g/m2/day 0.1 0.1 0.1 0.1 0.1 CCME 2000 
and Health 
Canada 2004 

Soil adherence 
factor – hands 
only 

g/m2/day 1 1 1 1 1 CCME 2000 
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Table 23B-2: Assumed Physical Characteristics and Consumption Rates for the 
Agricultural Receptor (cont’d) 

Variable Units Adolescent Adult Child Infant Toddler Reference 
Summer outdoors m2 0.376 0.419 0.254 0.0878 0.151 O’Connor and 

Richardson 
1997 combined 
with US EPA 
1997 

Winter outdoors m2 0.151 0.168 0.102 0.0351 0.0605 O’Connor and 
Richardson 
1997 combined 
with US EPA 
1997 

Summer indoors m2 0.376 0.419 0.254 0.0878 0.151 O’Connor and 
Richardson 
1997 combined 
with US EPA 
1997 

Winter indoors m2 0.151 0.168 0.102 0.0351 0.0605 O’Connor and 
Richardson 
1997 combined 
with US EPA 
1997 

Consumption Rates 
Incidental 
soil/dust ingestion 
rate 

g/day 0.02 0.02 0.02 0.02 0.08 Health Canada 
2004 

Root vegetables g/day 227 188 161 83 105 Health Canada 
2004 

Leafy vegetables g/day 120 137 98 72 67 Health Canada 
2004 

Fruit1 g/day 56 46 69 5 40 Health Canada 
1994 

Beef2 g/day 89 90 53 32 37 Health Canada 
1994 

Dairy3 g/day 590 297 622 546 677 Health Canada 
1994  

Chicken g/day 20 21 17 0 13 Health Canada 
1994 

Eggs g/day 22 32 21 5 24 Health Canada 
1994 

Deer g/day 89 90 53 32 37 Assumed 50% 
of beef 

Ruffed Grouse g/day 20 21 17 0 13 Assumed 50% 
of chicken 

Breast milk g/day 0 0 0 664 0 O’Connor and 
Richardson 
1997 
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Table 23B-2: Assumed Physical Characteristics and Consumption Rates for the 
Agricultural Receptor (cont’d) 

Variable Units Adolescent Adult Child Infant Toddler Reference 
Adjustment Factors 

Local vegetables 
and fruit 

% 100 100 100 100 100 Assumed 

Local beef % 100 100 100 100 100 Assumed 
Local dairy % 100 100 100 100 100 CCME 2006 
Local chicken % 100 100 100 100 100 Assumed 
Local eggs % 100 100 100 100 100 Assumed 
Local game % 100 100 100 100 100 Assumed 

NOTES: 
Fruit consumption rate based on composite of apples, apple sauce, cherries, strawberries, blueberries, jams and 
honey. 
Beef consumption rate based on composite of steak, roast beef, stewing beef, ground beef, fresh pork and lamb. 
Dairy consumption rate based on composite of whole milk, 2% milk, skim milk, evaporated milk, cream, ice cream, 
yogurt, cheese, cottage cheese, processed cheese and butter. 

Table 23B-3: Assumed Physical Characteristics and Consumption Rates for the 
Residential Receptor 

Variable Units Adolescent Adult Child Infant Toddler Reference 
Physiological Parameters 

Body weight  Kg 59.7 70.7 32.9 8.2 16.5 Health Canada 2004 
Breathing rate m3/day 15.8 15.8 14.5 2.1 9.3 Health Canada 2004 
Whole body surface 
area 

m2 1.5 1.7 1.0 0.4 0.6 O’Connor and 
Richardson 1997 

Hand surface area m2 0.076 0.083 0.059 0.032 0.043 O’Connor and 
Richardson 1997 

Soil adherence 
factor 

g/m2/day 0.1 0.1 0.1 0.1 0.1 CCME 2000 and 
Health Canada 2004 

Soil adherence 
factor – hands only 

g/m2/day 1 1 1 1 1 CCME 2000 

Summer outdoors m2 0.376 0.419 0.254 0.0878 0.151 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 

Winter outdoors m2 0.151 0.168 0.102 0.0351 0.0605 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 

Summer indoors m2 0.376 0.419 0.254 0.0878 0.151 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 

Winter indoors m2 0.151 0.168 0.102 0.0351 0.0605 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 
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Table 23B-3: Assumed Physical Characteristics and Consumption Rates for the 
Residential Receptor (cont’d) 

Variable Units Adolescent Adult Child Infant Toddler Reference 
Consumption Rates 

Incidental soil/dust 
ingestion rate 

g/day 0.02 0.02 0.02 0.02 0.08 Health Canada 2004 

Root vegetables g/day 227 188 161 83 105 Health Canada 2004 

Leafy vegetables g/day 120 137 98 72 67 Health Canada 2004 
Fruit1 g/day 56 46 69 5 40 Health Canada 1994 
Beef2 g/day 89 90 53 32 37 Health Canada 1994 
Dairy3 g/day 590 297 622 546 677 Health Canada 1994 
Chicken g/day 20 21 17 0 13 Health Canada 1994 
Eggs g/day 22 32 21 5 24 Health Canada 1994 
Deer g/day 89 90 53 32 37 Assumed 50% of 

beef 
Ruffed Grouse g/day 20 21 17 0 13 Assumed 50% of 

chicken 
Breast milk g/day 0 0 0 664 0 O’Connor and 

Richardson 1997 
Adjustment Factors 

Local vegetables 
and fruit 

% 10 10 10 10 10 CCME 2006 

Local beef % 0 0 0 0 0 CCME 2006 
Local dairy % 0 0 0 0 0 CCME 2006 
Local chicken % 0 0 0 0 0 CCME 2006 
Local eggs % 0 0 0 0 0 Assumed 
Local game % 50 50 50 50 50 Assumed 

Adjusted Consumption Rates 
Root vegetables g/day 23 19 16 8 11  

Leafy vegetables g/day 12 14 10 7 7  
Fruit1 g/day 6 5 7 0 4  
Beef2 g/day 0 0 0 0 0  
Dairy3 g/day 0 0 0 0 0  
Chicken g/day 0 0 0 0 0  
Eggs g/day 0 0 0 0 0  
Deer g/day 44 45 26 16 18  
Ruffed Grouse g/day 10 11 8 0 7  
Breast milk g/day 0 0 0 664 0  

NOTES: 
Fruit consumption rate based on composite of apples, apple sauce, cherries, strawberries, blueberries, jams and 
honey. 
Beef consumption rate based on composite of steak, roast beef, stewing beef, ground beef, fresh pork and lamb. 
Dairy consumption rate based on composite of whole milk, 2% milk, skim milk, evaporated milk, cream, ice cream, 
yogurt, cheese, cottage cheese, processed cheese and butter. 
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Table 23B-4: Assumed Physical Characteristics and Consumption Rates for the 
Commercial Receptor 

Variable Units Adolescent Adult Child Infant Toddler Reference 
Physiological Parameters 

Body weight  Kg 59.7 70.7 32.9 8.2 16.5 Health Canada 
2004 

Breathing rate m3/day 15.8 15.8 14.5 2.1 9.3 Health Canada 
2004 

Whole body surface 
area 

m2 1.5 1.7 1.0 0.4 0.6 O’Connor and 
Richardson 1997 

Hand surface area m2 0.076 0.083 0.059 0.032 0.043 O’Connor and 
Richardson 1997 

Soil adherence 
factor 

g/m2/day 0.1 0.1 0.1 0.1 0.1 CCME 2000 and 
Health Canada 
2004 

Soil adherence 
factor – hands only 

g/m2/day 1 1 1 1 1 CCME 2000 

Summer outdoors m2 0.376 0.419 0.254 0.0878 0.151 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 

Winter outdoors m2 0.151 0.168 0.102 0.0351 0.0605 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 

Summer indoors m2 0.376 0.419 0.254 0.0878 0.151 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 

Winter indoors m2 0.151 0.168 0.102 0.0351 0.0605 O’Connor and 
Richardson 1997 
combined with US 
EPA 1997 

Consumption Rates 
Incidental soil/dust 
ingestion rate 

g/day 0.02 0.02 0.02 0.02 0.08 Health Canada 
2004 
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23B.4 EQUATIONS AND ALGORITHMS USED TO ESTIMATE HUMAN 
EXPOSURE RATES 

The following section presents the algorithms used to estimate human exposure. Similar 
methods were used to evaluate all receptors, receptor locations and COPCs. 

23B.4.1 Total Exposure from Consumption of Garden Foods 

23B.4.1.1 Consumption of Belowground Produce 

BW
FHPRFWPAVCCVREVR oral ××××

=  

Where: 

EVR = daily exposure from belowground vegetables (μg/kg/day) 

CVR = total plant concentration as a result of root uptake (μg/g fresh weight) 

AVC = amount of root vegetables consumed per day (g/day) 

WP = washing and food preparation factor (15% reduction, US EPA OSW 2005; 100 – 15 
= 85% or 0.85) 

RForal = relative bioavailability of compound (%) 

FHP = fraction of vegetation that is from home garden (%) 

BW = receptor body weight (kg) 
 

EVR = 2.26E-08 =
7.70

%100%10085.01881000.1 8 ××××× −

 

23B.4.1.2 Consumption of Aboveground Leafy Vegetables 

BW
FHPRFWPAVLCVLEVL oral ××××

=
 

Where: 

EVL = daily exposure from aboveground leafy vegetables (µg/kg/day) 

CVL = total plant concentration (µg/g fresh weight) 

AVL = amount of leafy vegetables consumed per day (g/day) 

WP = washing and food perpetration factor (15% reduction, US EPA OSW 2005; 100 – 
15 = 85% or 0.85) 

RForal = relative oral bioavailability of compound (%) 

FHP = fraction of vegetation that is from home garden (%) 

BW = receptor body weight (kg) 
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EVL = 3.46E-07 = 
7.70

%100%10085.0137101.2 7 ××××× −

 

23B.4.1.3 Consumption of Fruit/Berries 

BW
FHPRFWPAVFCVFEVF oral ××××

=  

Where: 

EVF = daily exposure from fruits (µg/kg/day) 

CVF = total fruit concentration (µg/g fresh weight) 

AVF = amount of fruit consumed per day (g/day) 

WP = washing and food perpetration factor (0% reduction for fruits; US EPA OSW 2005; 
100 – 0 = 100% or 1.0) 

RForal = relative oral bioavailability of compound (%) 

FHP = fraction of fruit that is from impacted site (%) 

BW = receptor body weight (kg) 
 

EVF = 1.37E-07 = 
7.70

%100%10046101.2 7 ×××× −

 

23B.4.1.4 Total Home-grown Produce Exposure 

EVR  EVF  EVL    EVT ++=  

Where: 

EVT = total exposure from fruits and vegetables (µg/kg/day) 

EVT =5E-07 = 2.93E-07 +1.37E-07 + 2.26E-08 

23B.4.1.5 Calculation of Human Exposure via Consumption of Game Tissue 
The chemical exposure from consumption of game foods is shown below: 

BW
BIORC

Exp oraltissuetissue
tissue

××
=

 

Where: 

Exptissue = receptor's daily exposure to chemical (µg/kg/day) 

Ctissue = chemical concentration in country food (µg/g fresh weight) 

Rtissue = amount country food consumed (g/day) 
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BIOoral = relative oral bioavailability of the compound (%) 

BW = receptors body weight (kg) 

An example is provided for the consumption of deer meat. 

Exptissue = 1.15E-08 = 
7.70

%100901003.9 9 ××× −

 

Similar methods are used to estimate exposures from consumption of other agricultural foods 
(e.g., dairy, eggs and chicken) and game animals (e.g., grouse). 

23B.4.2 Estimation of Exposure from Direct Inhalation 

23B.4.2.1 Direct Air Inhalation Exposure on Outdoor days: 

( )
DPYBW

rSAWrSASCRFAIActAirInh airinh
outdoor ×

+×××
=  

Where: 

AirInhoutdoor = inhalation exposure from chemicals in the air during outdoor days (μg/kg/day) 

AIAct = amount of air inhaled on outdoor days (m3/day) 

RFinh = relative inhalation bioavailability of the compound (%) 

Cair = site air concentration (μg/m3) 

rSAS = outdoor summer days spent (days/year) 

rSAW = outdoor winter days spent (days/year) 

BW = receptor body weight (kg) 

DPY = days per year (365 days/year) 

AirInhoutdoor = 0.38 = ( )
3657.70

04.7646.1064.3%1008.15
×

+×××  

23B.4.2.2 Inhalation Exposure Calculations on Indoor days 

( )
DPYBW

rSPWrSPSCInfRFAIPAirInh airinhass
indoor ×

+××××
=  

Where: 
AirInhindoor = inhalation exposure from chemicals in the air during indoor day (µg/kg/day) 
AIPass = amount of air inhaled on indoor days (m3/day) 
RFInh = relative inhalation bioavailability of the compound (1; unitless) 
Inf = fraction of indoor air that is from outdoor air 



Volume 2: Environmental and Sturgeon Upgrader Project
Socio-economic Impact Assessment Appendix 23B: Multi-Media Exposure Model Description
 

 December 2006

  Page 23B-27
 

Cair = site air concentration (µg/m3) 
rSPS = indoor summer days spent (days) 
rSPW = indoor winter days spent (days) 
BW = receptor body weight (kg) 
DPY = days per year (365 days/year) 

AirInhindoor = 0.38 = ( )
3657.70

04.7646.1064.3%100%1008.15
×

+××××  

Typically, indoor air is not similar in quality to outdoor air due to indoor sources. The fraction of 
indoor air that is from outdoor air is recommended to be 75% of outdoor air (Hawley 1985). For 
this assessment indoor air was conservatively assumed to be 100% or equal to outdoor air. 

23B.4.2.3 Total Exposure via Direct Air Inhalation 

outdoorindoorTotal AirInhAirInhAir +=  

Where: 
AirTotal  = total inhalation exposure from chemical as vapour in air (µg/kg/day) 
AirInhindoor = inhalation exposure from chemicals in the air during indoor day (µg/kg/day) 
AirInhoutdoor = inhalation exposure from chemicals in the air during outdoor days (µg/kg/day) 

Airtotal = 0.76 =0.38 + 0.38 

23B.4.3 Calculation of Inhalation Exposure from Soil/Dust 
The following assumptions defining dust levels generated by soils. 

• Background outside dust levels:  42 µg/m³ (MOEE 1994) 
• Percent of dust produced from soil: 50% (Hawley 1985) 
• Percent of outside dust level indoors: 75% (Roberts et al. 1974) 

Sample calculation concerning the level of dust generated from soil alone (i.e., background 
levels), suspended in air: 

• Outside: 42 µg/m³ × 0.50 / 1,000,000 µg/g = 2.1E-05 g/m³ 
• Indoors: 42 µg/m³ × 0.50 / 1,000,000 µg/g = 2.1E-05 g/m³ 

The exposure contributions from chemically impacted soil were considered for three routes of 
exposure: 

1. inhalation of re-suspended dusts 
2. incidental ingestion of soil 
3. dermal contact with skin. 
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23B.4.3.1 Inhalation Exposure from Dust on Summer Days 

Contribution from Outside Airborne Dust 

DPYBW
SODSODLRFSLAIEXP inh

SIAO ×
××××

=  

Where: 
EXPSIAO = inhalation exposure to chemical from summer outside airborne dust (µg/kg/day) 
AI = amount of air inhaled (m3/day) 

SL = concentration of chemical in soil (μg/g) 
RFinh = relative inhalation bioavailability (1; unitless) 
SODL = background dust level in outside air (g/m3) 
SOD = number of summer days spent outside per year (days/year) 
BW = receptor body weight (kg) 
DPY = days per year (365 days/year) 

EXPSIAO = 1.37E-12 = 
3657.70

46.106101.2%1001000.18.15 56

×
×××××× −−

 

Contribution from Indoor Airborne Dust on Summer Days 

DPYBW
SIDSIDLRFSLAIEXP inh

SIAI ×
××××

=  

Where: 
EXPSIAI = summer inhalation exposure to chemical from summer indoor airborne dust 

(µg/kg/day) 
AI = amount of air inhaled (m3/day) 
SL = concentration of chemical in soil (µg/g) 
RFinh = relative inhalation bioavailability (1; unitless) 
SIDL = background dust level in indoor air (g/m3) 
SID = number of summer days spent indoors (days/year) 
BW = receptor body weight (kg) 
DPY = days per year (365 days/year) 

EXPSIAI = 1.37E-12 = 
3657.70

46.106101.2%1001000.18.15 56

×
×××××× −−
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23B.4.3.2 Inhalation Exposure from Dust on Winter Days 
It was assumed that 10% of the summer outside dust level was available during the winter 
months denoted as PWS. 

Contribution from Outside Airborne Dust 

DPYBW
WODPWSWODLRFSLAIEXP inh

WIAO ×
×××××

=
 

Where: 

EXPWIAO = winter inhalation exposure from outside airborne dust (µg/kg/day) 

AI = amount of air inhaled (m3/day) 

SL = concentration of chemical in soil (µg/g) 

RFinh = relative inhalation bioavailability (1; unitless) 

WODL = background dust level in outside air (g/m3) 

PWS = percentage of winter soil available (10%) 

WOD = number of winter days spent outside per year (days/years) 

BW = receptor body weight (kg) 

DPY = days per year (365 days/year) 

EXPWIAO = 9.78E-14 = 
3657.70

04.76%10101.2%1001000.18.15 56

×
××××××× −−

 

Contribution from Indoor Airborne Dust on Winter Days 

DPYBW
WIDPWSWIDLRFSLAIEXP inh

WIAI ×
×××××

=
 

Where: 

EXPWIAI = winter inhalation exposure to chemical from indoor airborne dust (µg/kg/day) 

AI = amount of air inhaled (m3/day) 

SL = concentration of chemical in soil (µg/g) 

RFinh = relative inhalation bioavailability (1; unitless) 

WIDL = background dust level in indoor air (g/m3) 

PWS = percentage of winter soil available (10%) 

WID = number of winter days spent indoors (days/year) 

BW = receptor body weight (kg) 

DPY = days per year (365 days/year) 
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EXPWIAI = 9.78E-14 = 
3657.70

04.76%10101.2%1001000.18.15 56

×
××××××× −−

 

23B.4.3.3 Total Exposure (Inhalation of Soil and Dust) 

WIAIWIAOSIAISIAOINH EXPEXPEXPEXPEXP +++=  

Where: 

EXPINH = total soil/dust inhalation exposure (µg/kg/day) 

EXPSIAO = summer inhalation exposure to chemical from outside airborne dust (µg/kg/day) 

EXPSIAI = summer inhalation exposure to chemical from indoor airborne dust (µg/kg/day) 

EXPWIAO = winter inhalation exposure to chemical from outside airborne dust (µg/kg/day) 

EXPWAIA = winter inhalation exposure to chemical from indoor airborne dust (µg/kg/day) 

AirTotal = total inhalation exposure from chemical as vapour in air (µg/kg/day) 

EXPINH = 2.93E-12 =1.37E-12 +1.37E-12 + 9.78E-14 +9.78E-14 

23B.4.4 Ingestion of Soil 
The following provides the equations used to calculate exposures via ingestion of soil. 

23B.4.4.1 Incidental Soil Ingestion during Summer Months 

Contribution from Outside Soil 

DPYBW
SODSLAOEXPSGAO ×

××
=  

Where: 

EXPSGAO = exposure from incidental ingestion of outside soil during summer (µg/kg/day) 

AO = amount of soil ingested (g/day) 

SL = concentration of chemical in soil (µg/g) 

SOD = total number of days spent on the site during the summer (days/year) 

BW = receptor body weight (kg) 

DPY = averaging time (365 days) 

EXPSGAO =8.3E-11 = 
3657.70

46.1061000.102.0 6

×
××× −
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Contribution from Indoor Soil 

DPYBW
SODFRSLAOEXP OUT

SGAI ×
×××

=  

Where: 

EXPSGAI = exposure from incidental ingestion of indoor dust during summer (µg/kg/day) 

AO = amount of soil ingested (g/day) 

SL = concentration of chemical in soil (µg/g) 

FROUT = fraction of dust originating from outdoor soil sources (Assumed 100%) 

SOD = total number of days spent on the site during the summer (days/year) 

BW = receptor body weight (kg) 

DPY = averaging time (365 days) 

EXPSGAI =8.3E-11 = 
3657.70

46.106%1001000.102.0 6

×
×××× −

 

23B.4.4.2 Incidental Soil Ingestion During Winter Months 

Contribution from Outside Soil 

DPYBW
WODWDFSLAOEXPWGAO ×

×××
=  

Where: 

EXPWGAO = exposure from incidental ingestion soil in winter (µg/kg/day) 

AO = amount of soil ingested (g/day) 

SL = concentration of chemical in soil (µg/g) 

WOD = total number of days spent on the site during the winter (days/year) 

WDF = winter soil covering factor (0.10) 

BW = receptor body weight (kg) 

DPY = averaging time (365 days) 

EXPWGAO =5.9E-12 = 
3657.70

04.76%101000.102.0 6

×
×××× −
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Contribution from Indoor Dust 

DPYBW
WODWDFFRSLAOEXP OUT

WGAI ×
××××

=  

Where: 

EXPWGAI = exposure from incidental ingestion of indoor soil during winter (µg/kg/day) 

AO = amount of soil ingested (g/day) 

SL = concentration of chemical in dust (µg/g) 

FROUT = fraction of dust originating from outdoor soil sources (Assumed 100%) 

WOD =  total number of days spent on the site during the winter months (days/year) 

WDF = winter dust covering factor (10%) 

BW = receptor body weight (kg) 

DPY = averaging time (365 days) 

EXPWGAI =5.9E-12 = 
3657.70

04.76%10%1001000.102.0 6

×
××××× −

 

23B.4.4.3 Total Exposure via Incidental Ingestion 

WGAI WGAOSGAISGAOING EXP  EXP  EXP  EXP  EXP +++=  

Where: 

EXPING = total oral exposure from incidental ingestion of indoor soil/dust (µg/kg/day) 

EXPSGAO = oral exposure from incidental ingestion of outside dust/soil in summer (µg/kg/day) 

EXPSGAI =  oral exposure from incidental ingestion of inside dust during the summer 
(µg/kg/day) 

EXPWGAO = oral exposure from incidental ingestion of outside dust/soil in winter (µg/kg/day) 

EXPWGAI = oral exposure from incidental ingestion of inside dust during winter (µg/kg/day) 

EXPING = 1.8E-10 = 8.3E-11 + 8.3E-11 + 5.9E-12 +5.9E-12 
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23B.4.5 Dermal Contact with Soil/Dust 

23B.4.5.1 Dermal Exposure from Soil/Dust on Summer Days 

Contribution from Outside Soil/Dust 

( ) ( )[ ]
DPYBW

SODAFSLDAFAHDAFAHASEXP DermalHBs
SDAO ×

××××+×−
=

)(
 

Where: 

EXPSDAO = dermal exposure to chemical from contact with outside soil/dust in summer 
(µg/kg/day) 

ASs = area of exposed skin when outside (m2) 

DAFB = soil/dust adherence factor (g/m2/day) 

AH = area of exposed hands (m2) 

DAFH = soil adherence factor hands only (g/m2/day) 

SL = concentration of chemical in soil (µg/g) 

AFDermal = relative dermal bioavailability (unitless) 

SOD = number of summer days spent outdoors (days/year) 

BW = receptor body weight (kg) 

DPY = days per year (365 days/year) 

EXPSDAO =4.81E-10 = ( ) ( )[ ]
3657.70

46.106%1001000.11083.01.0)083.0419.0( 6

×
×××××+×− −

 

Contributions from Indoor Soil/Dust 

( ) ( )[ ]
DPYBW

SIDAFFRSLDAFAHDAFAHASEXP DermalOUTHBs
SDPI ×

×××××+×−
=

)(
 

Where: 

EXPSDPI = dermal exposure to chemical from contact with indoor soil/dust in summer 
(µg/kg/day) 

ASs = area of exposed skin when outside (m2) 

DAFB = soil/dust adherence factor (g/m2/day) 

AH = area of exposed hands (m2) 

DAFH = soil adherence factor hands only (g/m2/day) 

SL = concentration of chemical in soil (µg/g) 

FROUT = fraction of dust originating from outdoor soil sources (Assumed 100%) 
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AFDermal = relative dermal bioavailability (unitless) 

SID = number of days spent indoors on site (days/year) 

BW = receptor body weight (kg) 

DPY = days per year (365 days/year) 

EXPSDPI = 4.81E-10 = ( ) ( )[ ]
3657.70

46.106%100%1001000.11083.01.0)083.0419.0( 6

×
××××××+×− −

 

23B.4.5.2 Dermal Exposure from Soil/Dust on Winter Days 

Contribution from Outside Soil/Dust 

( ) ( )[ ]
DPYBW

WODAFPWSSLDAFAHDAFAHASEXP DermalHBw
WDAO ×

×××××+×−
=

)(
 

Where: 

EXPWDAO = dermal exposure to chemical from contact with outside soil/dust in winter 
(µg/kg/day) 

ASw = area of exposed skin when outdoors (m2)  

DAFB = soil/dust adherence factor (g/m2/day) 

AH = area of exposed hands (m2) 

DAFH = soil adherence factor hands only (g/m2/day) 

SL = concentration of chemical in soil (µg/g) 

PWS = percentage of winter soil available (10%) 

AFDermal = relative dermal bioavailability (unitless) 

WOD = number of winter days spent outdoors (days/year) 

BW = receptor body weight (kg) 

DPY = days per year (365 days/year) 

EXPWDAO = 2.70E-11 = ( ) ( )[ ]
3657.70

04.76%100%101000.11083.01.0)083.0168.0( 6

×
××××××+×− −
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Contribution from Indoor Soil/Dust 

( ) ( )[ ]
DPYBW

WIDAFFRPWSSLDAFAHDAFAHASEXP DermalOUTHBw
WDPI ×

××××××+×−
=

)(
 

Where: 

EXPWDPI = dermal exposure to chemical from contact with indoor soil/dust in winter 
(µg/kg/day) 

ASw = area of exposed skin when indoors (m2) 

DAFB = soil/dust adherence factor (g/m2/day) 

AH = area of exposed hands (m2) 

DAFH = soil adherence factor hands only (g/m2/day) 

SL = concentration of chemical in soil (µg/g) 

PWS = percentage of winter soil available (10%) 

FROUT = fraction of dust originating from outdoor soil sources (Assumed 100%) 

AFdermal = fraction of chemical absorbed by receptor by dermal contact with soil/dust 
(unitless) 

WID = number of days spent indoors on site (days/year) 

BW = receptor body weight (kg) 

DPY = days per year (365 days/year) 

EXPWDPI =2.70E-11 = ( ) ( )[ ]
3657.70

04.761110.01000.11083.01.0)083.0168.0( 6

×
×××××××+×− −

 

23B.4.5.3 Total Exposure (Dermal) 

WDPIWDAOSDPISDAODERM EXPEXPEXPEXPEXP +++=  

Where: 

EXPDERM = total dermal exposure to chemical from contact with outside/dust (µg/kg/day) 

EXPSDAO = dermal exposure to chemical from contact with summer outside soil/dust 
(µg/kg/day) 

EXPSDPI = dermal exposure to chemical from contact with summer indoor soil/dust 
(µg/kg/day) 

EXPWDAO = dermal exposure to chemical from contact with winter outside soil/dust 
(µg/kg/day) 

EXPWDPI = dermal exposure to chemical from contact with winter indoor soil/dust (µg/kg/day) 

EXPDERM =1E-09 = 4.81E-10 + 4.81E-10 +2.7E-11 + 2.7E-11 
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23B.5 RISK CHARACTERIZATION 

23B.5.1 Human Risk Characterization 
Total exposure was calculated by summing the individual exposures from each media (air, soil, 
game and vegetation) for all relevant exposure pathways on a chemical-by-chemical and 
receptor-by-receptor basis. Exposure ratios (ERs) for threshold effect chemicals and ERs for 
carcinogens (representing incremental lifetime cancer risks (ILCRs)) were estimated using the 
equations provided below and the calculated exposure estimates. 

Both non-cancer and cancer risks were estimated and presented for appropriate oral, dermal 
and inhalation exposures.  

Relative absorption factor (RAF) values used in the multimedia assessment are defined in 
greater detail below (Section 6.0). 

23B.5.2 Calculating Risks for Non-Carcinogens 
Oral risks were estimated based on the following equation. 

ORAL

ORAL

EL
RAFEER )(×

=  

Where: 

ER = exposure ratio (unitless) 

EOral = total daily oral exposure from all pathways (µg/kg/day) 

RAF = relative absorption factor (0.8 / 0.8 = 1 or 100%) 

ELOral = chemical-specific oral exposure limit (µg/kg/day) 

ERoral = 3.38E-10 = 
5000

%1001069.1 6 ×× −

 

Dermal risks were estimated based on the following equation. 

ORAL

DERMAL

EL
RAFEER )(×

=  

Where: 

ER = exposure ratio (unitless) 

EDermal = total daily dermal exposure from all pathways (µg/kg/day) 

RAF = relative absorption factor (0.1 / 0.8 = 0.125 or 12.5%) 

ELOral = chemical-specific oral exposure limit (µg/kg/day) 
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ERdermal =2.5E-14 = 
5000

%5.12100.1 9 ×× −

 

Inhalation risks were calculated based on the following equation. 

Inhalation

Inhalation

EL
RAFEIER )(×

=  

Where: 

ER = exposure ratio (unitless) 

EIInhalation = total daily inhalation exposure from all pathways (µg/kg/day) 

RAF = relative absorption factor (1 / 1 = 1 or 100%) 

ELInhalation = chemical-specific inhalation exposure limit (µg/kg/day) 

ERinh = 1.85E-04 = 
4100

%1001059.7 1×× −

 

Total exposure ratio values for all assessed pathways were calculated based on the following 
equation: 

inhderoraltot ERERERER ++=  

ERtot = 1.85E-04 = 3.38E-10 +2E-13 + 1.85E-04 

23B.5.3 Calculating Risks for Carcinogens 
Carcinogenic risks from oral and dermal exposures were calculated based on the following 
equation. 

∑ ××= +
i

iDermalOral qAMTEXPILCR *
1  

Where: 

ILCR = incremental lifetime cancer risk 

EXPOral+Dermal = total daily exposure via oral and dermal pathways (µg/kg/day) 

AMTi = lifestage “i” specific amortization factor (years exposed / life expectancy (75 
years) 

q1
* = chemical-specific cancer slope factor for oral (µg/kg bw/day)-1 

Carcinogenic risks from inhalation exposures were calculated based on the following equation. 

∑ ××=
i

iinhal qAMTEXPILCR *
1  
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Where: 

ILCR = incremental lifetime cancer risk 

EXPinhal = total daily exposure via inhalation (µg/kg/day) 

AMTi = lifestage “i” specific amortization factor (years exposed / life expectancy (75 years) 

q1
* = chemical-specific cancer slope factor for inhalation (µg/kg bw/day)-1 

23B.6 MODIFICATIONS OF EXPOSURE ESTIMATES BASED ON 
RELATIVE BIOAVAILABILITY 

One of the most important factors in determining exposure of target tissues to chemicals is 
bioavailability, or the proportion of a chemical dose entering the blood stream (i.e., absorbed 
dose) following administration via a particular route (i.e., oral, inhalation or dermal). Systemic 
absorption of chemicals can differ according to whether the dose was received via the dermal, 
oral or the inhalation route. Also, the systemic absorption will differ depending on whether the 
exposure occurs in water, in soil, in food, etc. 

It is inappropriate to convert exposure estimates to absorbed doses if toxicity values (from 
recognized agencies) are based on administered doses. However, if an exposure estimate is 
adjusted for bioavailability and is expressed as an absorbed dose, then it must be compared to 
an exposure limit that is based on an absorbed dose, not administered dose. Since most 
exposure limits are based on administered doses, it may not always be appropriate to consider 
absolute bioavailability (fraction or percentage of an external dose which reaches the systemic 
circulation) during the assessment of exposure. Therefore relative bioavailability can be 
determined by comparing the extent of absorption among several routes of exposure, forms of 
the same chemical, or exposure medium (food, soil or water). 

As a specific example, it is often necessary to consider route-to-route extrapolation when an 
exposure limit is not available for the exposure route of concern and no other data (such as 
pharmacokinetics) are available. It is common to assess the risks posed by dermal absorption of 
a chemical based on the exposure limit established for oral exposure. The systemic dose via 
dermal absorption is scaled to the ‘equivalent’ oral dose by correcting for the bioavailability of 
dermally-applied chemical relative to an orally-administered dose. 

Toxicity information used to derive exposure limits is usually based on the administered dose, 
the absorbed dose or the internal dose. Incorporating bioavailability is dependant on which form 
the chemical was introduced to the test organism or toxicity study. For the most part, toxicity 
studies are based on the chemical given orally in food or water. In addition, these studies will 
use a form of chemical that is highly bioavailable to promote the most efficient toxic effect to the 
test organism at a given concentration. For example, in studies involving metal toxicity, the 
compound is often administered as a very soluble salt in water or food. Differences in the 
adsorption of chemicals between laboratory organisms and wildlife as well as between different 
mediums of exposure will exist. The RAF is the variable used to incorporate bioavailability 
information to exposure assessment (Menzie et al. 2000).  

The RAF is used to adjust the absorption of a chemical from an exposure medium to that of the 
absorption of the chemical used in the toxicity study. The following equation was used to 
calculate the RAF. 

EL

M

BA
BA

RAF =  
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Where: 

RAF = relative adsorption factor (unitless) 

BAM = absorption of the chemical form in the exposure medium (%) 

BAEL = absorption of the chemical form in the study medium (%) 

An RAF can be less than or greater than one. An RAF of one does not indicate that the 
bioavailability is 100%, but the estimated bioavailability for the chemical in the exposure medium 
is the same as that used in the toxicity study for developing the toxicity reference value (TRV). 
In circumstances where the bioavailability is unknown for a particular medium, a risk 
assessment will default to an RAF of one. In this case, there is no adjustment of the exposure 
route relative to the toxicity study, a conservative assumption. 

23B.7 CANCER RISKS FOR RECEPTORS EXPOSED TO CHEMICALS 
FROM THE SITE FOR THEIR ENTIRE LIFETIME 

It should be noted that for chemicals that act as direct, genotoxic carcinogens (i.e., directly 
induce self-propagated lesions), the dose of the chemicals associated with a specified level of 
risk (one in a 100,000 for this assessment) of the lifetime probability of cancer (i.e., expressed 
as the RsD) increases with the duration of exposure. The methodology used in estimating the 
RsD for such chemicals assumes that the exposure occurs over the lifetime of a human 
receptor (i.e., 75 years for typical humans) hence each life stage exposure estimate was 
adjusted by the appropriate amortization factor. 

The level of risk for the composite receptor was calculated by adding the adjusted exposure 
ratio (ER) values calculated for each individual life stage (adjusted for duration of exposure) in 
order to estimate the lifetime cancer risk. The compilation of all five individual life stages (infant, 
0.5/75; toddler, 4.5/75; child, 7/75; youth, 8/75; adult, 55/75) results in a risk estimate for the 
composite or lifetime (75/75) receptor. 
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