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Conceptual Site Models 
This booklet refers to the use of a conceptual 

site model (CSM) to identify potential sources, 

exposure pathways, and receptors. CSi'v1s may be 

graphical or text-based; at a minimum, however, 

CSMs must identify a complete or potentially 

complete linkage between a source and a 

receptor to be considered in a risk assessment: 

PATHWAY 

If a complete exposure pathway is not indicated 

by the CSi'v1 then further assessment is not 

necessary. If the linkage leads to an insignificant 

exposure, i.e. source concentrations less than the 

risk-bosed screening levels (RBSLs) for soil or WuL('r, 

the assessment indicates no unacceptable risk 

to the receptor. If constituent values are greater 

than RBSLs, further actions are taken to protect 

the receptor. The path forward could include a 

site-specific risk assessment, source treatment, 

source removal, source isolation, or land-usc 

cha nge. 
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Table 1 
Risk-Based Screening Levels for Livestock 
(Note: Depending on the composition of the oil, some RBSLs may exceed water solubility limits, therefore indicating 

that contaminated water cannot present a health risk unless free oil is present on the water.) 

Livestock 

Drinking Water Risk-Based Screening Levels (RBSLs; mg/L) 

Crude Oil Benzene Toluene Ethylbenzene Xylene LMWl PAH HMW2 PAH 

Dairy Cattle 1,200 32.4 202 26.4 162 4.53 0.907 

Beef Cattle 1,110 31.4 196 25.6 157 4.40 0.880 

Calves 293 14.3 89.5 11.7 71.7 2.01 0.402 

Sheep 855 40.5 253 33.1 203 5.68 1.14 

Goats 622 34.8 217 28A 174 4,87 0.974 

Camels 7,670 202 1,260 165 1,000 28.3 5.65 

Horses 2,760 74.3 464 60,6 371 lOA 2.08 

Livestock 

Soil Risk-Based Screening Levels (RBSLs; mg/kg) 

Crude Oil Benzene Toluene Ethylbenzene Xylene LMW PAH HMWPAH 

Dairy Cattle 47,200 1,270 7,950 1,040 6,370 178 35.7 

Beef Cattle 44,900 1,270 7,900 1,030 6,330 177 35.5 

Calves 44,900 2,200 13,700 1,790 11,000 308 61.5 

Sheep 20,100 953 5,950 778 4,770 133 26.7 

Goats 17,600 982 6,130 802 4,910 138 27.5 

Camels 69,500 1,830 11,400 1,490 9,140 256 51.2 

Horses 28,100 756 4,720 617 3,780 106 21.2 

1 Low molecular weight polycyclic aromatic hydrocarbons (LMW PAHs) are defined as PAHs with less than or equal to 3 rings. 

2 High molecular weight polycyclic aromatic hydrocarbons (HMW PAHs) PAHs are defined as PAHs with greater than or equal to 4 rings. 
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Example 1 
Application of RBSLs 
Figure 3 is a graphical CSM for a site contaminated with weathered crude oil from previous exploration and production activities.
 

Analysis of the soil and groundwater provided upper confidence limit (UCL) constituent concentrations as shown in Tables A-l and A-2, respectively.
 

Table A-l 
Comparing UCL Water Sample Analytical Result with RBSLs for Livestock Drinking Water 

Results Compared with Drinking Water RBSLs (mg/L) 

Goat RBSL 622 34.8 217 28.4 174 4.87 0.974 

Horse RBSL 2,760 74.3 464 60.6 371 10.4 2,08 

ND = Non-detect 

No Exceedances 

Table A-2 
Comparing UCL Soil Sample Analytical Result with RBSLs for Livestock Soil Ingestion 

Benzene 

Results Compared with Soil RBSLs (mg/kg) 

Goat RBSL 17,600 982 6,130 802 4,910 138 27.5 

Horse RBSL 28,100 756 4,720 617 3,780 106 21.2 

Exceedances are bold 

No further action is required forthe drinking water exposure pathway because RBSLs were not exceeded.
 

The soil ingestion exposure pathway RBSL for crude oil was exceeded for horses and for HMW PAHs for goats and horses.
 

These results must be considered in the next step of decision-making. Exceeding a RBSL does not mean cleanup is required.
 

It indicates that further risk assessment or some form of exposure mitigation is necessary.
 

WEB Exhibit # ~ 
7 





-- ---

Example 2
 
SSTL Ca Iculation
 
The previous example (Example 1) indicated that the soil ingestion exposure pathway RBSL for crude oil was exceeded for
 

horses and for HMW PAHs for goats and horses. In this example, the development of a site-specific site use factor (SUF) is used
 

to illustrate the calculation of site-specific target levels (SSTLs). The SUF represents the fraction of the exposure area for the
 

receptor represented by the contamination area. API (2004) assumes a SUF of 1, i.e., the contaminated area is as large as the
 

effective grazing area. In reality, only a portion of a total grazing area would be contaminated.
 

A field survey indicates that on Iy 0.25 acre of these livestock's 2-acre range is affected by petroleum-related activities.
 

Thus, the SUF is 0.125 instead of the default value of 1. Using the equations on page 10, "How are livestock RBSLs calculated?",
 

SSTLs are determined using the site-specific SUF (i.e., RBSLs divided by the SUF). Likewise, other justifiable changes to default
 

parameters could be used to calculate SSTLs,
 

Table B-1 
Comparing UCL Soil Sample Analytical Result with Livestock Soil Ingestion SSTLs 

Results Compared with Soil SSTLs (mg/kg) 

Crude Oil Benzene Ethylbenzene Xylene LMW PAH 

Soil Sample 

Goat RBSL 

Horse RBSL 

No Exceedances 

141,000 

225,000 

7,860 

6,050 

49,000 

37,800 

6,420 

4,940 

39,300 

30,300 

1,100 

848 

220 

170 

No further action is required for the livestock incidental soil ingestion exposure pathway because the SSTLs 

were not exceeded. 
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ow are Livestock RBSLs Calculated? 
Livestock screening levels are risk-based and are developed based on the standard hazard quotient 

(HQ) equation used for estimating risks to human health and other ecological receptors (EPA 1997). 

HQ=Dose (Equation la)

TRV 
where:
 
TRV Toxicity reference value in milligrams per kilogram body weight per day (mg/kg-bw/day)
 
Dose estimated daily dose of petroleum related hyd rocarbons from ingestion (mg/kg-bw/day);
 

and calculated using the following equation: 

[ORsoil X (soil) + ORwater X (water)] X SUF 
(Equation 1b) 

BW 
where: 

amount of soil incidentally ingested per day in dry weight (kg/day)IRsoil
 

IRwater amount of water ingested per day (Uday)
 

(soil concentration of constituent in soil or sediment (mg/kg dry weight)
 
concentration of constituent in water (mg/L)
 

SUF site use factor (unitless)
 
BW body weight (kg)
 

(water 

Substituting Equation 1b for "Dose" in Equation 1a: 

HQ = [ORsoil X (soil) + ORwater X (water)] X SUF (Equation le) 

BW xTRV 

or 

(Equation 1d) HQ= OR X () X SUF
 
BWxTRV
 

To calculate RBSLs for a single medium (i.e., drinking water or soil), Equation 1d should be rearranged as shown in Equations 2a 

and 2b. Instead of estimating a HQ associated with a chemical concentration in water or soil and using the toxicity and exposure 

assumptions presented in Table 1 of the technical background report (API 2004), Equations 2a and 2b estimate a protective 

drinking water or soil concentration associated with a target HQ of 1. 

Assuming target HQ 0= 1, SUF 0= 1, and rearranging Equation 1d, "C' becomes definerl ;j~ rhp rnrrp~n()nrlin(l RR~I 
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Drinking-water RBSLs for livestock were calculated using the following equation: 

dwRBSL =1 X BW X TRV (Equation 2a) 

IRwater 

where: 
1 ta rget haza rd quotient; un itless 
dwRBSL drinking water RBSL in milligrams per liter (mg/L) 

IRwater water ingestion rate in liters per day (L/day); to be conservative, 
the summer IRwater value from Table 1 is used 

BW Body weight in kilograms (kg) 
TRV Toxicity reference value in milligrams per kilogram body weight per day (mg/kg-bw/day) 

Incidental soil ingestion RBSLs for livestock were calculated using the following equation: 

0IRBSL= 1 X BW X TRV (Equation 2b) 

501 IRsoil 

where: 
1 ta rget haza rd quotient; un it less 

soilRBSL soil RBSL in milligrams per kilogram dry weight (mg/kg) 
soil ingestion rate in kilograms per day (kg/day) IR soil
 

BW body weight in kilograms (kg)
 
TRV toxicity reference value in milligrams per kilogram body weight per day (mg/kg-bw/day) 

The TRVs developed in API (2004) are summarized as follows: 

Livestock 

Soil Risk-Based Screening Levels (RBSLs; mg/kg) 

Crude Oil Benzene Toluene Ethylbenzene Xylene LMW PAH HMWPAH 

Dairy Cattle 211 5.70 35.6 4.65 28.5 0.798 0.160 

Beef Cattle 211 5.95 37.1 4.86 29.8 0.833 0.167 

Calves 211 10.30 64.5 8.43 51.7 1.450 0.289 

Sheep 211 10.00 62.5 8.17 50.1 1.400 0.280 

Goats 211 11.80 73.6 9.62 58.9 1.650 0.330 

Camels 211 5.55 34.6 4.53 27.8 0.777 0.155 

Horses 211 5.67 35.4 4.63 28.4 0.794 0.159 
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CCME Canada-Wide Standards (CWS; CCME 2000) and Alberta Environment (2001) 
The Canada-Wide Standards for petroleum hydrocarbons present TRVs (referred to as Daily Threshold Effects Dose" or DTED) and drinking 

water RBSLs (referred to as "ReferenceConcentration" or RfC) for only whole oil and four fractions of crude oil (CCME 2000). These guidelines 

present levels that CCME considers protective under four generic land uses: agricultural, residential, commercial, and industrial. TRVs for 

livestock were developed based on Stober (1962), in an approach similar to that used by API. CCME and API used a similar approach 

to calculate drinking water RBSLs as well. However, a calculation error by CCME resulted in an order of magnitude, lower drinking-water 

screening level than that developed by API. 

Alberta Environment set water RBSLs (referred to as "watering guidelines") and soil RBSLs (referred to as "soil quality guidelines" or SQG) for 

petroleum hydrocarbons (crude oil fractions and BTEX) considered to be protective of livestock health (Alberta Environment 20010; 2001 b) 

Crude oil TRVs for livestock were adopted from CCME. For BTEX, TRVs were developed using an approach similar to that described in API 

(2004) Soil and water RBSLs reflect exposure parameters and "other" protection factors specific to Alberta. 

CCME and Alberta Environment toxicity values and guidelines are presented in Table 8 of API (2004). 

Differences between the CCME and Alberta Environment and the API 

approach as well as limitations to these approaches are summarized below 

Differences/Limitations CCME Canada Wide Standards Alberta Environment 

TRV Development TRVs for whole oil and four crude oil fractions 

were developed. 

Crude oil TRVs were adopted from CCME. 

BTEX TRVs were develo ped. 

Chemical Constituents Only drinking water screening levels for whole 
oil and four crude oil fractions were developed 
for one livestock receptor (cattle). 

Added soil and drinking water screening 
levels for BTEX and PAHs and soil screening 
levels for crude oil for one livestock receptor 
(cattle). 

Uncertainty and Other Factors An allocation factor (AF) of 0.2 was used to 

adjust toxicity values to account for multiple 

exposure pathways and media (air, soil, water, 

food, and consumer products), whereas the 

guideline values are for single pathways. The 

AF of 0.2 assumed that livestock can be equally 

exposed by all five potentially complete 

exposure pathways. However, dermal and 

inhalation pathways are expected to be minor. 

Additionally, not all sites will have both water 

and soil exposures. This likely results in an 

overly conservative RBSL. 

In addition to the use of an AF of 0.2, a 

protection factor of 0.75 was used to prevent 

livestock from being exposed to more than 

75% of the TRV. This is likely overly 

conservative. 

Fractionation Approach The fractionation approach used by CCME is 

not necessarily applicable or appropriate at 

all sites.• 

The fractionation approach used by CCME 

and carried over by Alberta Environment is 

not necessarily applicable or appropriate at 

all sites.' 

Additional Guidelines Developed None Two types of water quality guidelines 

were developed: exposure point guidelines 

for water to which receptors are actually 

exposed and groundwQter qUQIi~/ guidelines 

to assess acceptable concentrations of 

chemicals in groundwater were also 

developed using fate and transport models. 

Mathematical Errors There was an order of magnitude error in 

calculating the RfC value by CCME; the RfC 

value should actually be 231 mg/L instead 
of 23 mg/L (this error was acknowledged 

by CCME; personal communication with 

Ted Nason September 10,2002). 

The error in the CCME RfC calculation is 

propagated in the Alberta Environment 

document. 

-

•	 In this report, a toxicity value was developed for whole (i.e. fresh) crude oil. As fresh crude oil is more toxic than weathered oil, 
these values can be considered conservative screening values for weathered products. 
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Glossary
 
Chronic exposure: A long-term COlllJct belweell a receptor 

Dilli a cheillictl [hat could I'esllit ill it sllh-lcihal m permancnt 

~ld\ else eFfect. 

Conceptual site model (CSM): A. \\'r;:[en desclipli,1n and/or 

\isual rqm::selltatio\l of prcdicred relationships berwccn 

rl'ccpl.cllS Jnd 1be chemicals ,md.-'or sm:'ssnrs to which they 

nHlv be exposed 

Exposure pathway: How ,\ l'cccpwr comes in conl8ct wl[h 

J chernicll Jnd/or llledia. 

Exposure point concentrations (EPC): The concentration 

of a chcllliGll that a receptor is exposed to over a chronic 

ccrposmc period. 

Hazard quotient (HQ): The chemical-specific ratio of the dose 

to .he.: toxicitv value. 

Receptor: The species, popubtion, community, habitat, etc. 

thar lllav be exposed to a chemical. 

Risk: The likelihood of a hal'mtul effcct to a receptor b,lsed 

on the existence ,md l1laglliludc of it h<l!.ard and c:-.posure 

01' the receptor to [he h'lzard. 

Risk assessment: A. method to evaluate [he poteni,J! Jchersc 

efFccts of chcmicals or orhcr Stre5sors Oil receptol·s. 

Risk-based screening levels (RBSLs): Chnnica!-speciFic 

concentrations In environmental media that are cllilsidered 

protective of he'llth. USUJIlI they are derived From the 

f!cner,dlv Jccepted nsk equations by specifying un 'lcceprahle 

target risk kId and re8franging the equations to u,>lcrlllinc 

the chemical concentration in the environmental medium 

of interest Lhat achieves this ri,k level. 

Site-specific target levels (SSTLs): .RBSLs culculated using 

site-specific values I'ather than generalL accepted defaults. 

Toxicity reference value (TRV): A close of a chellllcal 

a[ or above which a roxic response occurs in the receptor. 
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