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Preamble 

CRC CARE has undertaken the development of health-based screening levels (HSLs) 
for petroleum hydrocarbons to address an identified need for consistent human health 
risk assessment of petroleum hydrocarbon contamination in Australian conditions. The 
HSLs represent the best collective view of the available science and application of 
Australian approaches on selection of health criteria and exposure parameters. The 
document underwent several international peer reviews by experts in the United 
States, Canada and Australia. Given the innovative nature of the work, CRC CARE will 
monitor national and international developments, and publish updates as and when 
necessary.  

The HSLs and the underlying methodology may be used for health risk assessment 
purposes in the context of the wider site assessment framework for petroleum 
hydrocarbon contamination provided in the Assessment of Site Contamination NEPM 
as varied. It should be noted that the HSLs were derived through the consideration of 
health effects only, with particular emphasis on the vapour exposure pathway. Other 
considerations such as ecological risk, aesthetics, the presence of free phase product 
and explosive/fire risk will need to be assessed separately, as they are not addressed 
by the HSLs.  

It is strongly recommended that the HSL technical development document and the 
associated documents (Part 2: Application document, Part 3: Sensitivity assessment 
and Part 4: Extension model) are referred to for the key assumptions for the derivation 
of the HSLs, and for their application and limitations on their use.   

The assessment of contamination using health-based screening criteria and 
investigation thresholds is a complex matter. While every effort has been made to 
identify and assess the significant risks to human health associated with petroleum 
hydrocarbon contamination, it is strongly recommended that assessments are carried 
out by appropriately qualified and experienced persons (who understand the context, 
requirements and limitations of such use), in consultation with the relevant jurisdiction. 

Many of the assumptions that underlie the HSL values involve policy decisions. It is 
possible that future reviews may lead to changes in the assumptions and the values of 
the HSLs. It is, therefore, important to check the CRC CARE website for relevant 
updates at the time of the assessment.  
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1. Introduction 

1.1 Overview 

In Australia, the normal approach for triggering further investigation during 
contaminated land investigations is to determine whether the concentration of 
contaminants of concern in soil and/or groundwater exceeds published health 
investigation levels (HILs) or ecological investigation levels (EILs). In the case of 
petroleum hydrocarbons, a number of HILs exist; however, these are limited and do not 
extend to a variety of soil types and aquifer situations, or to the assessment of volatile 
hydrocarbons. There is guidance on how the assessment of risk associated with such 
contaminants should be carried out, and it is common practice to undertake a risk 
assessment to determine whether the concentrations might pose a human health or 
ecological risk. As such, there is a basis for developing a set of screening levels for 
petroleum hydrocarbons in soil and groundwater.  

The Cooperative Research Centre for Contamination Assessment and Remediation of 
the Environment (CRC CARE) includes in its research program the subprogram ‘Risk 
Characterisation and Communication’. This subprogram includes the objective of 
preparing health screening levels (HSLs) for hydrocarbons in soil and groundwater. 
This document outlines the detailed derivation of the petroleum HSLs for Australian 
assessments. The derivation of the HSLs is outlined in Friebel & Nadebaum 2011, 
Health screening levels for petroleum hydrocarbons in soil and groundwater. Part 1: 
Technical development document, CRC CARE Technical Report no. 10, CRC for 
Contamination Assessment and Remediation of the Environment Pty Ltd, Adelaide, 
Australia. 

 

1.2 Purpose of this document 

Vapour emission modelling requires many input parameters to be assumed. The range 
of uncertainty associated with vapour modelling, and the derivation of HSLs, have been 
assessed by looking at the typical range of parameters, and the sensitivity of these 
parameters and assumptions. 

This document presents the results of a detailed sensitivity assessment of the 
assumptions of parameters in the vapour modelling used to develop the HSLs. 

For the purpose of comparison, the scenario chosen as the baseline is residential use, 
toluene in soil. Toluene was chosen because it is a non-carcinogenic volatile chemical 
in petroleum hydrocarbons. Benzene was selected in a few cases to demonstrate the 
issues around soil source depletion. 

In the following sections, sensitivity is quantified by comparing the change in modelling 
parameters against the baseline HSL values. The resulting change in the HSLs is 
denoted as follows: 

 x 10 indicates that the HSL increases by a factor of 10 (i.e. increase by an order of 
magnitude). This also indicates that exposure and risk decreases by an order of 
magnitude, and 

 x 0.1 indicates that the HSL decreases by a factor of 10 (i.e. decrease by an order 
of magnitude). This also indicates that exposure and risk increases by an order of 
magnitude. 
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2. Advective transport 

The US EPA vapour intrusion model allows the advective flow component (Qsoil) to be 
specified or calculated based on an empirical relationship between permeability, crack 
width in foundation and differential pressure. 

Historically, Qsoil was calculated based on the differential pressure between in-dwelling 
and outdoors, and the vapour permeability of the sub-slab soil. Recent studies from US 
EPA indicate that this relationship cannot be validated and can under-predict the 
amount of air flowing through the building slab as a result of advective transport. 

Johnson (2005) provides a critical review of sensitive parameters in the vapour 
intrusion model. In this document, it is recommended that Qsoil should not be used as 
an independent input. Instead, the equations should be reformulated in terms of 
(Qsoil/Qbuilding), and then a non-site-specific value of (Qsoil/Qbuilding) should be chosen after 
review of the database of empirically measured sub-slab attenuation factors produced 
by US EPA. 

Qbuilding is defined as the total air volumetric flow rate through the building which is 
calculated as the volume of the building multiplied by the air exchange rate. 

In the absence of actual measured air flow rates from sub-slab into indoor air (i.e. Qsoil), 
the use of measured sub-slab to indoor air concentrations has been considered to  
be a reasonable approximation for Qsoil/Qbuilding. Excluding the effects of vapour 
biodegradation, the sub-slab to indoor air vapour concentrations ratio (Csoil/Cbuilding) may 
approximate closely to the same ratio of building air flow rate to subsurface air flow rate 
(Qbuilding/Qsoil). For further discussion on this approximation refer to Appendix I of Part 1 
of this report (Friebel & Nadebaum 2011). 

US EPA published a report in 2008 (a revision on the data referred to in Johnson  
2005) on measured attenuation factors between indoor air and sub-slab vapour 
concentrations. The report summarises the field measurements taken from 2002 to 
2008 for measurements in sub-slab. This data shows the ranges of attenuation factors 
from 1 to 0.00001. US EPA (2008) specifies the following: 

 the 50th percentile value is 0.005 

 the 75th percentile value is 0.05 

 the 95th percentile value is 0.1. 

Oregon Department of Environmental Quality (ODEQ) have recently published a 
guideline document for assessing vapour intrusion into buildings (ODEQ 2010). This 
document outlines a detailed analysis of the US EPA (2008) document and source 
data. The following are the key points from Appendix A of the document: 

 When plotting all data points of sub-slab vapour versus indoor air concentration 
(chlorinated hydrocarbons, residential properties), the plot represents a ‘hockey 
stick’ shape with an inflection point around a sub-slab concentration of 148 µg/m3. 
This is indicative that for low source concentrations (i.e. below 148 µg/m3) 
background levels in air have an influence on the apparent sub-slab to indoor air 
attenuation factor. 
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 Plotting all chlorinated hydrocarbon data points greater than 1000 µg/m3 shows  
a statistically relevant correlation (linear) between sub-slab and indoor air 
concentration (i.e. attenuation factor). For chlorinated hydrocarbons and residential 
buildings, the statistical distribution for attenuation factors is 90th percentile 0.008, 
75th percentile 0.005, and 50th percentile 0.002. The 90th and 75th percentiles are 
in the same range as the median values reported by US EPA (2008). 

 ODEQ recommend that the 75th percentile attenuation factor of 0.005 be adopted 
for screening purposes in residential properties. 

 For commercial properties ODEQ indicated that the 75th percentile attenuation 
factor was 0.001, however this result was based on a much lower quality data set. 

 An analysis of attenuation factors was carried out on petroleum hydrocarbons. 
While the data set was groundwater sources adjusted to soil vapour using Henry’s 
Law, the resulting attenuation factors (i.e. indoor air concentration divided by  
sub-slab concentration) were lower than chlorinated hydrocarbons using the same 
comparison method, by an order of magnitude or greater. This indicates that using 
attenuation factors from chlorinated hydrocarbon data for petroleum sites is 
conservative. The difference between petroleum and chlorinated hydrocarbons is 
likely due to vapour biodegradation. 

For the purpose of deriving screening criteria a sub-slab to indoor air attenuation factor 
of 0.005 was selected, which represents the upper value not considered to be affected 
by indoor air sources, background air or other factors. This factor has been selected to 
represent Qsoil/Qbuilding. 

For further details on the section of Qsoil/Qbuilding, refer to Section 7.3.2 of Part 1 of this 
report (Friebel & Nadebaum 2011). 

Sensitivity calculations have been conducted on the value of Qsoil/Qbuilding. Figure 1 
presents the scaling factors when changing Qsoil/Qbuilding from the baseline value of 
0.005 in soil source (based on toluene). 
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Figure 1. Sensitivity of Qsoil/Qbuilding for soil source. 

 

From Figure 1 it can be seen that once Qsoil/Qbuilding exceeds 0.005, the HSL does not 
change for any higher value. Below 0.001, the HSL increases gradually by a factor of 
10, where vapour transport is based on diffusion alone. It can also be seen from the 
spread of values for the different depths in clay soil that the influence of advection is 
greater in surface soils than in soils at depth. 

Figure 2 presents the scaling factors when changing Qsoil/Qbuilding from the baseline 
value of 0.005 in soil vapour source (based on toluene). The soil vapour source shows 
a similar pattern to the soil source graphs, where for Qsoil/Qbuilding greater than 0.005 
tends not to increase the HSL. 
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Figure 2. Sensitivity of Qsoil/Qbuilding for soil vapour source. 

 

The exception is the sub-slab soil vapour source (i.e. 0 m), which the figure effectively 
shows is nearly directly related to the Qsoil/Qbuilding factor. Increasing this value from 
0.005 to 0.1 has the effect of decreasing the HSL by an order of magnitude. This is 
expected as this location is within the advection influence zone. Soil vapour sources at 
1 m and deeper do not change with increasing value of Qsoil/Qbuilding. 
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3. Building variables 

3.1 Ceiling height 

The typical residential ceiling height input parameter is 8 feet or 2.4 m. The range for 
single storey ceiling heights is 2.13 m to 3.05 m for slab-on-ground construction  
(US EPA 2004). 

The impact of this variable is independent from the depth of source and the soil texture 
as only the rate of indoor air dilution is affected, and therefore all source depths and 
soil types are affected equally. The effect that this parameter has on derived HSLs is 
as follows: 

Table 1. Effect of ceiling height. 

Height = 2.13 m Height = 2.4 m Height = 3.05 m 

x 0.888 baseline x 1.271 

 

3.2 Areal ratio of cracks in concrete slab 

Published values for areal fraction of cracks in concrete slabs ranges widely for 
different references. Some of these are as follows: 

Table 2. Range of values for crack area in literature. 

Source Minimum Maximum 

Nazaroff (1992)  

Revzan et al. (1991)  

Nazaroff et al. (1985) 

MESB (2001) 

0.0001 0.001 

ASTM E1739-95 (2002) 0.01 0.01 

Johnson & Ettinger (1991) 0.001 0.01 

US EPA (2004) 0.0002 0.002 

 

This parameter impacts the effective diffusivity of soils. Therefore, the effect is greater 
on soils where diffusion is the dominating transport mechanism.  

The advective flow component in the development of HSLs is the dominant transport 
mechanism, and therefore adjusting the areal fraction of cracks has been found to have 
negligible effect on the derivation of HSLs. 

 

3.3 Air exchange rate 

Air exchange rate (AER) is defined as the time it takes for one building volume of air to 
be exchanged with fresh air. The air exchange rate affects the dilution of volatile 
contaminants that migrate through the building floor slab into the breathable zone. The 
HSLs have been derived using the following air exchange rates: 

 for residential, 0.6 building volumes per hour 

 for commercial, 0.83 building volumes per hour. 
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These can be expected to be applicable for most Australian building situations. Where 
it is known that other air exchange rates apply, the HSLs may be adjusted to reflect 
this. For example, a higher level of air exchange rate may be justified in tropical 
locations where windows are left open, and a lower level of air exchange may be 
justified where a dwelling is sealed.  

In deriving the HSLs the advective flow rate from the soil to the building (Qsoil) has been 
set such that the ratio of Qsoil/Qbuilding is a fixed value (refer to Section 2), and hence the 
air exchange rate is linked to the advection term. 

Sensitivity assessment of AER has shown that the HSLs are linear with respect to AER 
for both soil and groundwater sources at all depths. HSLs for soil vapour sources are 
linear for sources 1 m and deeper. 

Soil vapour sources directly under the building slab (i.e. 0 to <1 m) are strongly 
influenced by the advective transport effects and are therefore not linear. The effects 
are stronger in sand soil compared to clay soil where resistance through diffusion is 
greater. 

The charts in Figure 3 present the change in HSLs with the change in air exchange 
rate for different soil vapour source depths and soil categories.  

The exchange rate factor (ER factor) is the ratio of air exchange rate with the baseline 
value. For residential use the baseline AER is 0.6 h-1. 

For all other source types (soil and groundwater source) and depths a linear 
relationship occurs between the HSL and AER. 
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Figure 3. Sensitivity of air exchange rate for soil vapour source. 
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A range of air exchange rates may apply to residential dwellings. A new building 
complying with increasing requirements for energy efficiency may represent the low 
end of air exchange rate (0.18 h-1), while older houses with lots of cracks represent the 
upper end (1.26 h-1). US EPA (2004) presents a range of values that may apply. The 
default value of 0.6 h-1 is referenced from the enHealth (in preparation) guidance 
document. 

With the exception of soil vapour source in surface soil, the impact of this variable is 
independent of source type, depth and soil type as seen above. The largest effect that 
AER has on the derived HSLs is a linear effect. For surface soil vapour source, the 
ratio of the change in HSL to the change in AER is less than 1, and in sand soil the 
change is insignificant as can be seen from Figure 3. Table 3 presents the range of 
HSLs affected by the reasonable range of residential AER. 

Table 3. Effect of air exchange rate. 

AER = 0.18 h-1 AER = 0.6 h-1 AER = 1.26 h-1 

x 0.3 baseline x 2.1 

 

3.4 Concrete slab thickness 

The thickness of the concrete slab is based on AS 2870 (1996), Residential slabs  
and footings – Construction. The standard indicates that the minimum non-bearing 
concrete thickness is 10 cm. Thickness may also increase due to geotechnical 
requirements, e.g. building over reactive clay. Slab thickness may increase to 15 cm for 
a heavy grade residential slab. 

This parameter impacts the effective diffusivity of soils. Therefore, the impact is greater 
on soils where diffusion is the dominating transport mechanism.  

The advective flow component in the development of HSLs is the dominant transport 
mechanism, and therefore adjusting the slab thickness has been found to have 
negligible effect on the derivation of HSLs. 
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4. Soil variables 

4.1 Moisture content 

Moisture content in soil affects how much of the void space in soils consists of water 
with the remainder being air voids. Considerations that affect moisture content in soil 
include: 

 soil texture and particle size 

 soil’s capacity to absorb moisture 

 evaporation rate 

 temperature 

 depth 

 weather conditions (rain) 

 proximity of groundwater table 

 under slab or open ground. 

Soil moisture affects the resistance to vapour transport, particularly near the water 
saturation point of the soil (i.e. where air porosity approaches zero). The effect of 
moisture content is different for each chemical, as each chemical has different physical 
properties. However, in general, groups of chemicals may be analysed together. BTEX 
compounds have similar volatility properties and can be expected to be affected in a 
similar way. However, for the soil source HSLs, benzene is more complicated as 
source depletion effects over the exposure duration period (30 years for residential) are 
considered (refer to Section 7.3.6 of Part 1 of this report (Friebel & Nadebaum 2011) 
for further information on source depletion). 

A detailed sensitivity assessment has been conducted for the HSLs based on varying 
soil moisture content. Scaling factors for the default HSLs have been calculated for 
each of the chemicals and land uses.  

The baseline moisture contents in the derived HSLs are: 

 sand 8% 

 silt  22% 

 clay 20%. 

For these moisture contents, the scaling factor equals 1. By definition, the moisture 
content (in fraction) is defined by the water porosity divided by the soil bulk density (dry 
basis). 

Charts presenting the scaling factors for the different land uses and source depths are 
presented in Appendix A. 

The effect of moisture content is different for each chemical. For all the volatile 
chemicals there is a similar pattern, where the effect with dry soils is negligible. The 
effect becomes significant around the water saturation point, causing a spike on the 
scaling factor as high as over two orders of magnitude. 
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TPH has the most significant effect with moisture content, in particular with sand, 
resulting in a peak increase factor of over 1000 for C6-C10. 

For lower volatile chemicals such as naphthalene, the effect is less with a peak factor 
of 50 in sand and peak factor of 8 in silt. 

At the dry end of the moisture range, HSLs could decrease by almost a factor of 10 for 
soil vapour and soil source, particularly for the deeper soils where diffusion is the 
dominant vapour transport mechanism. 

The sensitivity study identified a number of key observations: 

 The scaling factors for residential and commercial/industrial are nearly identical, 
and therefore may be grouped together. Both of these scenarios have a building 
slab and advective transport influence. 

 The scaling factors for recreational and trench worker are nearly identical, and 
therefore may be grouped together. Both of these scenarios have no building slabs 
and no advective transport. 

 For recreational and trench worker scenario, there is no distinction between depth. 
As diffusion is the only transport mechanism, moisture content affects all depths 
equally. 

 In soil and soil vapour, sources in surface soils under buildings tend to be affected 
differently than deeper soils because the source is within the advection influence 
zone. 

 Chemicals may be grouped together as they present similar scaling factors. 
Benzene and xylene tend to be grouped together while toluene and ethylbenzene 
tend to be grouped together. Naphthalene is separate in every case as it exhibits 
different vapour behaviour to the other chemicals. 

 

4.2 Organic carbon content 

The organic carbon content affects the soil partitioning by increasing or decreasing the 
amount of chemical that adsorbs onto soil particles. Higher amounts of organic carbon 
increase the strength of adsorption and hence decrease soil vapour and volatilisation 
rate. 

US EPA (2004) presents a range of organic carbon fraction between 0.001 and 0.006. 

Australian data is presented in the Australian Natural Resource Atlas (ANRA  
2001) which presents statistics for organic carbon content in Australian soils  
(top soils and subsurface): 
<http://www.anra.gov.au/topics/soils/pubs/national/agriculture_asris_ocarbon.html> 

This data is important to the Australian agricultural industry, and thus there have been 
some extensive studies on organic carbon content. The studies are divided into surface 
and subsurface soils (referred to as topsoil and subsoil in the atlas). 

Soil organic carbon varies with depth. Levels are highest in the topsoil and generally 
decrease exponentially with depth. Organic carbon commonly ranges between 0% and 
15%. Most Australian soils contain less than 5% organic carbon.  
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Statistical summaries in the Australian Agricultural Assessment (ANRA 2001) indicate 
that for surface soils the majority of data fall within the 1.0–2.0% weight category. For 
subsurface soils, the majority of data fall within the 0.3–0.5% weight category. 

The fraction organic carbon affects the source zone and therefore the impact is the 
same for all depths. 

The effect that this parameter has on derived HSLs is as follows: 

Table 4. Effect of organic carbon content in soil. 

Foc = 0.001 Foc = 0.003 Foc = 0.006 

x 0.333 baseline x 2 
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5. Other model assumptions 

5.1 Infinite source versus finite source 

The Johnson and Ettinger (J&E) model has the provision for including a finite or infinite 
source. This assumption would mainly affect HSLs for benzene where cancer risk is 
assessed based on exposure duration of 30 years. 

The infinite source model assumes that a constant emission rate occurs for 30 years 
for the residential scenario. 

The finite source model determines whether over the 30-year duration, the total 
cumulative mass emission exceeds the initial mass for a given initial thickness of the 
contaminant source zone. If this occurs, it is assumed that once source is depleted, 
there is zero emission for the remainder of the 30 years. The HSL is based on the 
average indoor air concentration during the emission period with exposure duration 
equal to the emission period. 

This particular assumption is highly sensitive to highly permeable soils such as sand 
where the emission rate is high. 

HSLs have been derived for benzene in residential use for the following scenarios for 
comparison: 

 infinite source 

 source depletion with initial 5 m thickness of contamination 

 source depletion with initial 2 m thickness of contamination (baseline), and 

 source depletion with initial 0.2 m thickness of contamination. 

The effect on the soil HSLs (vapour intrusion) for benzene for the residential scenario is 
presented in Table 5. 
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Table 5. Effect of soil source thickness. 

Benzene HSLs Infinite source 
HSL (mg/kg) 

0.2 m thick source 2 m thick source (baseline) 5 m thick source 

HSL (mg/kg) Depletion time 
(yrs) 

HSL (mg/kg) Depletion time 
(yrs) 

HSL (mg/kg) Depletion time 
(yrs) 

SAND        

Surface 0.014 4.8 0.13 0.48 6.0 0.19 29.5 

1 m 0.062 4.8 0.43 0.48 9.0 0.22 Non-deplete 

2 m 0.13 4.8 0.87 0.48 13.4 0.26 Non-deplete 

4 m 0.27 4.8 1.7 0.48 22.2 0.37 Non-deplete 

SILT        

Surface 0.023 5.8 0.33 0.58 24.8 0.51 Non-deplete 

1 m 0.32 5.8 1.9 0.70 Non-deplete 0.69 Non-deplete 

2 m 0.76 5.8 4.2 1.0 Non-deplete 1.0 Non-deplete 

4 m 1.7 5.8 8.8 1.8 Non-deplete 1.8 Non-deplete 

CLAY        

Surface 0.026 5.4 0.52 0.66 Non-deplete 0.66 Non-deplete 

1 m 0.51 5.4 3.2 0.96 Non-deplete 0.96 Non-deplete 

2 m 1.2 5.4 7.3 1.5 Non-deplete 1.5 Non-deplete 

4 m 2.6 5.4 15.2 2.8 Non-deplete 2.8 Non-deplete 
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Table 5 presents the effect on the benzene soil HSL when varying source thickness. 
The following observations are made: 

 the infinite source model can predict HSLs 20 times lower than the baseline 
assumption of 2 m thick source 

 for 2 m thickness, sand at all depths and surface soil for silt depletes benzene 
within the 30 year period. All other soil types and depths do not deplete benzene 
within the time period, and therefore the HSL does not change by increasing the 
thickness for these scenarios. 

 

5.2 Model averaging time (non-cancer) 

There is no specific guidance for the selection of average modelling time for non-
cancer endpoint. There is some debate suggesting that the ‘worst year’ of exposure 
should be used to assess non-cancer risks. US EPA (1989) indicates that chronic non-
cancer risks should be based on seven years of exposure to be considered as chronic 
exposure, whereas shorter durations should be assessed as sub-chronic and acute 
exposure, which have different basis for toxicity. In the Johnson and Ettinger vapour 
depleting source model, the initial air concentration is the peak (same as infinite 
source) and air concentration decreases with time. Therefore, the first year would result 
in the highest average one-year concentration. 

The HSLs for non-cancer chemicals have been based on a model averaging time for 
seven years rather than one year. 

Refer to Section 7.3.7 of Part 1 of this report (Friebel & Nadebaum 2011) for further 
discussion on this parameter. 

The effect this parameter has on the toluene HSLs is presented in Table 6. The 2 m 
thick soil source does not deplete within seven years in all scenarios. As can be seen 
below, the effect of averaging time is high near surface soil where advection is the 
dominating transport mechanism. The effect is little at depth where only diffusion is the 
dominant transport mechanism. 

For sources that deplete in less than seven years, the averaging time is set equal to 
the time for depletion. This occurs for some of the short chain aliphatic TPH fractions. 
Effectively this increases the average indoor air concentration because it does not 
include the non-emitting period where no indoor contamination is expected. However, 
when this occurs, the exposure period is less than seven years and toxicity effects fall 
into the sub-chronic range. A detailed discussion on the effect of sub-chronic toxicity on 
the HSLs is presented in Section 6. 



CRC CARE Technical Report no. 10 16 
Health screening levels for petroleum hydrocarbons in soil and groundwater. Part 3: Sensitivity assessment  

Table 6. Effect of model averaging time (toluene, residential). 

Model averaging time 1 year 7 years 

SAND   

Surface x 0.44 Baseline 

1 m x 0.64 Baseline 

2 m x 0.82 Baseline 

4 m x 0.94 Baseline 

SILT   

Surface x 0.41 Baseline 

1 m x 0.79 Baseline 

2 m x 0.94 Baseline 

4 m x 0.99 Baseline 

CLAY   

Surface x 0.40 Baseline 

1 m x 0.85 Baseline 

2 m x 0.96 Baseline 

4 m x 0.99 Baseline 

 

5.3 Vapour biodegradation 

While not specifically included in the vapour models, additional attenuation factors may 
be applied to the HSLs to account for biodegradation for vapours. Information on 
vapour biodegradation and the resulting reduction in concentration of chemicals such 
as benzene is provided in the report by Davis, Patterson and Trefry (2009).  

If the required conditions are met then an adjustment factor may be applied to the 
HSLs as follows: 

 an adjustment factor of 10 may apply to sources at 2 m down to 4 m depth 

 an adjustment factor of 100 may apply to sources 4 m and deeper, where the 
maximum vapour source soil-gas concentration is less than 100 mg/L. 
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6. Sub-chronic toxicity for TPH 

6.1 Overview 

Most of the HSLs are based on chronic exposure (long-term), expected to occur over 
30 years. However, the soil HSLs for vapour intrusion are based on a finite source 
model, and in a few cases the source depletes within the exposure duration period. 
The time for the source to deplete is dependent on the initial source thickness (i.e. 2 m 
used in the HSLs), the soil texture (i.e. sand, silt or clay) and the depth. In a limited 
number of cases, the source depletion time is short (i.e. a couple of years). For these 
situations consideration has been given to the use of sub-chronic toxicity criteria  
for the derivation of the HSLs. The use of sub-chronic toxicity has been limited to  
TPH C6-C10. 

 

6.2 Source depletion time 

In deriving the HSLs for TPH, HSLs have been developed for each of the individual 
TPHCWG fractions, followed by collapsing into a smaller number of TPH fractions 
(refer to Section 4.2 of Part 1 of this report – Friebel & Nadebaum 2011). 

A source depletion time was calculated for each individual TPHCWG fraction when 
deriving the HSLs. For the residential scenario with sand soil, the following source 
depletion times were calculated for 0 to < 1m depth: 

 TPH C6-C8 aliphatic  0.7 years (sub-chronic) 

 TPH >C8-C10 aliphatic  2.2 years (sub-chronic) 

 TPH >C8-C10 aromatic  24.6 years (chronic) 

The depletion time for the aromatic fraction was greater than seven years and is 
considered to be chronic exposure. However, the depletion times for aliphatic 
components are much less than seven years and may be considered sub-chronic 
exposure. Consideration has therefore been given to using sub-chronic toxicity values 
for the aliphatic components. 

 

6.3 Sub-chronic toxicity 

A review of the chronic and sub-chronic toxicity effects is presented in Appendix B of 
Part 1 of this report (Friebel & Nadebaum 2011). 

A summary of the sub-chronic evaluation is as follows: 

 Aliphatic C6-C8: The chronic toxicity reference value (TRV) is based on a chronic 
duration study where there has been no adjustment for sub-chronic to chronic 
exposures. Review of the available studies (presented by TPHCWG) for 
commercial hexane suggests that the no-observed-adverse-effect-level (NOAEL) 
of 3000 ppm is consistent with NOAELs reported for both sub-chronic and chronic 
duration and developmental/reproductive studies. On this basis the sub-chronic 
TRV relevant to this fraction is the same as the chronic TRV. Therefore the 
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published chronic TRV has been used for the assessment of all exposures with no 
adjustment. 

 Aliphatic >C8-C10: The chronic TRV is based on a sub-chronic study where  
the derivation has incorporated an uncertainty factor (UF) of 10 to adjust from  
sub-chronic to chronic exposures. In deriving the HSL for this fraction this UF has 
been removed. On this basis the overall UF adopted for the sub-chronic TRV has 
reduced from 1000 to 100. The sub-chronic TRV for aliphatic >C8-C10 then 
becomes 10 mg/m3. 

Based on this toxicity review, the aliphatic >C8-C10 chronic toxicity value may be 
changed to sub-chronic by multiplying by a value of 10. Aliphatic C6-C8 remains 
unchanged. 

 

6.4 Cut-off duration for sub-chronic consideration 

Based on the information presented in Sections 6.2 and 6.3, a change to sub-chronic 
toxicity values may only apply to the aliphatic >C8-C10 fraction. For surface soils in 
sand, the source depletion time is 2.2 years. However, this increases for deeper soils, 
and also for silt and clay soils. 

US EPA risk assessment guideline documents (US EPA 1989, 2009) define chronic 
exposure as seven years to a lifetime. Acute exposure is associated with exposure 
from minutes up to fourteen days. Sub-chronic exposure may be considered for the 
duration in between (i.e. fourteen days to seven years). 

Toxicity studies are based on finite points of information and it is difficult to assign a 
‘cut-off’ point for exposure duration for which chronic toxicity values become more 
relevant than sub-chronic toxicity values. 

The sensitivity assessment reviewed the effects of choosing different cut-off values for 
sub-chronic consideration. The values considered were three years, seven years and 
no sub-chronic consideration. 

To identify which scenarios would be affected, Table 7 presents the source depletion 
time for aliphatic >C8-C10, for the residential scenario. The table shows that for a cut-
off of three years only the surface soil in sand should be considered to be sub-chronic. 
If sub-chronic is considered up to seven years, surface soils, 1 m and 2 m depths in 
sand should consider sub-chronic toxicity. No HSLs for silt or clay falls within the 
seven-year duration period. 
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Table 7. Source depletion time for aliphatic >C8-C10, residential scenario (HSL-A). 

 Source 
depletion time 

(yrs) 

No sub-chronic 3 years sub-
chronic cut-off 

7 years sub-
chronic cut-off 

SAND     

Surface 2.2 chronic sub-chronic sub-chronic 

1 m 3.5 chronic chronic sub-chronic 

2 m 5.3 chronic chronic sub-chronic 

4 m 8.8 chronic chronic chronic 

SILT     

Surface 7.9 chronic chronic chronic 

1 m 13 chronic chronic chronic 

2 m 20 chronic chronic chronic 

4 m 35 chronic chronic chronic 

CLAY     

Surface 13 chronic chronic chronic 

1 m 22 chronic chronic chronic 

2 m 35 chronic chronic chronic 

4 m 60 chronic chronic chronic 

 

The method of collapsing the TPH fractions is discussed in Section 4.2 of Part 1 of this 
report (Friebel & Nadebaum 2011). 

The following example is the calculation of TPH C6-C10 for sand, surface soil. The 
formula for deriving the collapsed HSL for the TPH C6-C10 is: 

 AROMATICC10C8 ALIPHATICC10C8 ALIPHATICC8C6

C10C6

HSL

0.128

HSL

0.641

HSL

0.231
1

HSL






  

For chronic toxicity, the HSLs for the individual TPHCWG fractions are: 

 TPH C6-C8 aliphatic  53.9 mg/kg 

 TPH >C8-C10 aliphatic  8.8 mg/kg 

 TPH >C8-C10 aromatic  11.5 mg/kg 

The resulting HSL for TPH C6-C10 is 11.3 mg/kg. 

If the TPH >C8-C10 is adjusted by a factor of 10 for sub-chronic basis, the individual 
HSL >C8-C10 becomes 104 mg/kg. 

The revised HSL for C6-C10 (sub-chronic) becomes 44 mg/kg. 

Table 8 presents the results of the HSLs in sand for each depth based on the selected 
cut-off points for sub-chronic consideration. 
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Table 8. Summary of residential HSLs for TPH C6-C10 considering sub-chronic exposure. 

 Source 
depletion time 
for aliphatic 

TPH >C8-C10 
(yrs) 

Residential HSL C6-C10 (mg/kg) 

No sub-chronic 3 years sub-
chronic cut-off 

7 years sub-
chronic cut-off 

SAND     

Surface 2.2 11 44 * 44 * 

1 m 3.5 17 17 70 * 

2 m 5.3 26 26 112 * 

4 m 8.8 42 42 42 (196 **) 

Notes: * sub-chronic basis 

 ** sub-chronic basis if applied at 4 m depth 

The results of the sensitivity assessment indicate that the change from chronic to  
sub-chronic basis increases the HSL by approximately a factor of 4. 

It is apparent that applying sub-chronic basis to the surface soils and not to the deeper 
soils results in a discrepancy in the continuity with surface soil HSLs higher than 
deeper soil HSLs. This is immediately apparent with the sub-chronic cut-off set at three 
years. For the cut-off set at seven years, the discrepancy is apparent between the 2 m 
deep source and 4 m deep source. 

 

6.5 Sensitivity of depletion time 

Moisture content is one of the most sensitive variables with regards to vapour emission 
rate. The moisture content used for the sand soil category is 8% (equivalent to a water 
porosity of 0.13).  

If changing the moisture content from 8% to 6% (water porosity of 0.10), the resulting 
source depletion time for aliphatic >C8-C10 at 4 m changes from 8.8 years to 6.4 
years. 

The J&E vapour model only considers source removal through volatilisation, not 
through leaching or biodegradation. Hence the calculation of depletion time is likely to 
be conservative. 

 

6.6 Conclusion and recommendation for application of sub-chronic 
toxicity 

US EPA defines chronic exposure as exposure greater than seven years. However, for 
soil HSLs for vapour intrusion, C6-C10 may be considered to be sub-chronic exposure 
for the aliphatic components for all depths in sand. The source depletion times 
presented in Table 8 indicate that the exposure may be considered sub-chronic for 
sources at surface, 1 m and 2 m. Source depletion time for 4 m deep source varies 
between six and eight years depending on the amount of moisture assumed in the soil. 
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7. Closing summary 

A summary of the ranges of effects that the assumptions have on the HSLs is 
presented in Figure 4. The ranges of effects are denoted as follows: 

 x 10 indicates that the HSL increases by a factor of 10 (i.e. increase by an order of 
magnitude). This also indicates that exposure and risk decreases by an order of 
magnitude, and 

 x 0.1 indicates that the HSL decreases by a factor of 10 (i.e. decrease by an order 
of magnitude). This also indicates that exposure and risk increases by an order of 
magnitude. 

0.001 0.01 0.1 1 10 100 1000 10000

ceiling height

areal ratio cracks in concrete slab

air exchange rate

concrete slab thickness

moisture content

organic carbon content

Advection (Qsoil/Qbuilding)

soil type in crack spacing

finite/infinte source

vapour biodegradation

 

Figure 4. Summary of effects of assumptions on HSLs. 

 

From Figure 4 there are clearly four assumptions/parameters that have significant 
impact on the HSLs. These are as follows: 

 Advection – the change in HSLs with change of Qsoil/Qbuilding is mainly limited to 
surface soil vapour sources. Other source types (soil and groundwater) and depths 
1 m and deeper are not significantly affected by increasing Qsoil/Qbuilding above the 
selected value of 0.005. Decreasing Qsoil/Qbuilding has a dramatic impact on all HSLs 
once Qsoil/Qbuilding drops below 0.001. 

 Finite/infinite source – in sand where the effect is most significant a HSL derived 
using an infinite source is up to 20 times lower than a HSL derived using a finite 
source of 2 m thickness. 

 Soil moisture content – which can increase the HSLs by three orders of magnitude 
(the peak value coinciding with wet clay). 

 Vapour biodegradation – a factor of 10 for sources from 2 m to less than 4 m, and 
a factor of 100 for sources 4 m and deeper, may be applied if specific conditions 
are met (Davis, Patterson & Trefry 2009). 
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In addition to the above assumptions, a review has been conducted on the application 
of sub-chronic toxicity values for soil HSLs where the source depletes in less than 
seven years. It is found that this only applies to the TPH C6-C10. A summary of the 
findings are: 

 TPH >C8-C10 aliphatic is the only component of TPH which may be adjusted for 
sub-chronic toxicity and where the source depletes in less than seven years (at 
which point is considered to be chronic exposure). 

 Adjusting the toxicity reference value for TPH >C8-C10 aliphatic by a factor of 10 
to change from chronic basis to sub-chronic basis results in an overall increase of 
the TPH C6-C10 HSL by a factor of 4. 

 C6-C10 may be considered to be sub-chronic exposure for the aliphatic 
components for all depths in sand.  
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APPENDIX A. 
Variable moisture HSL scale factors 
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Appendix A - Variable moisture HSL scale factors 

Variable Moisture HSL Scale Factors
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Appendix A - Variable moisture HSL scale factors 
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Appendix A - Variable moisture HSL scale factors 
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