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SECTION 1

INTRODUCTION

This spreadsheet-based model, PETROTOX, is designed to calculate the toxicity of
petroleum products to aquatic organisms. Petroleum hydrocarbons are complex mixtures
that exert a narcotic mode of toxic action, which is assumed to be additive. This model
calculates the solubility of a petroleum product and then uses the Target Lipid Model (TLLM)
(Di Toro et al. 2000) and toxic unit theory of additivity to calculate the toxicity or

environmental risk limits of these mixtures.

The spreadsheet uses a three-phase (air, water, free product) oil solubility calculation
(McGrath et al. 2004) that is coupled with a database of physical and chemical properties of
typical petroleum hydrocarbons to calculate the distribution of petroleum hydrocarbons
among the exposure water, headspace and free product phases. The properties database was
developed by CONCAWE and contains physical/chemical properties such as boiling point,
solubility and octanol-water partition coefficients (K ) for 1457 hydrocarbon structures that
are possibly found in petroleum products. This version of the Petrotox model performs the
solubility and toxicity calculations with physiochemical properties derived from the database

for each hydrocarbon block.

The computed dissolved hydrocarbon concentrations are then used by the TLM to
calculate aquatic toxicity. A modification to the TLM is the use of membrane-water
partition coefficients (K,y) rather than Ky, to describe the partitioning between the water
phase and the organism (Parkerton et al 2011). This modification is critical for petroleum

products that have very hydrophobic compounds (log(K) > 6.0).
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SECTION 2

FRAMEWORK AND CONCEPTUAL MODEL

2.1 COMPOSITION AND MAPPING

The model can accommodate two types of inputs, low resolution or high resolution, which
depend on the information known about the mass distribution of the petroleum product. In the
low-resolution approach, the mass distribution of two general chemical classes (aliphatic and
aromatic) is entered over user-defined boiling point intervals. This format is patterned after the
information given from simpler hydrocarbon block analyses. In the high-resolution approach, the
mass distribution for up to 16 chemical classes can be entered: n-paraffins, Zso-paraffins, #-
substituted cylcohexanes, #-substituted cylcopentanes, other mono-naphthenics, di-naphthenics,
poly-naphthenics, #-olefins, zo-olefins, sulfur-bearing aliphatics, mono-aromatics, naphthenic mono-
aromatics, di-aromatics, naphthenic di-aromatics, poly-aromatics and sulfur-bearing aromatics. This
format is patterned after the information derived from highly detailed GCxGC that provides mass
distribution information for the 16 chemical classes over discrete carbon number (C#) intervals.
These hydrocarbon blocks (C# and chemical class) are used for environmental fate and effects
estimates for complex petroleum substance. The CONCAWE database contains structures for each

of these 16 chemical classes over a range of physic-chemical properties

The library structures are assigned to a hydrocarbon block and the mass fraction given to
that block is evenly distributed among all of the assigned structures. For example, a hydrocarbon
block in the Zso-paraffin class is assigned a mass fraction of 5.0% with an initial carbon number
(CNo) interval of C9-C10. The CONCAWE library is sorted for structures within the zso-paraftin
class that fall within the defined CNo interval. In this case there are eight zso-paraffins in the
database within this CNo interval (ID: 676, 677, 678, 679, 681, 682, 683, 684). The mass fraction of
this hydrocarbon block (5.0%) is evenly distributed among the candidate structures so that each has
0.625% of the total mass. The mass fraction that is assigned to each structure is later used to
determine the mole fraction of a given hydrocarbon, which impacts the aqueous solubility of that

structure.

If a hydrocarbon block has a chemical class and/or CNo interval configuration that does not
identify any representative structures in the database the mass fraction of this so-called ‘orphan’
block is reassigned to a neighboring block. The unassigned mass in these ‘orphan’ blocks is added
to a neighboring block generally within the same chemical class where there are structures available
for assignment depending on the boiling point configuration of the block. If the CNo interval for
the ‘orphan’ block is above C14 in high resolution mode, or the boiling point interval above 275.2
°C in low resolution mode, the unassigned mass is added to the first available hydrocarbon block at

higher boiling point intervals. This is done to account completely for all of the mass at any given
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loading. See Figure 1 for a simple depiction of the mass reassignhment procedure. ‘Orphan’ blocks
below this BP value are added to the first available hydrocarbon block at a lower boiling point
interval. This is based on the distribution of hydrocarbon structures in the database (See Appendix
1). In a few cases where there are no hydrocarbon structures within the same chemical class
available for the mass reassignment, the unassigned mass is added to the first available chemical class
to the left (unassigned PolyAr mass added to structures in NDiAr block, etc. See Figure 1) within
the same boiling point interval. The mass in orphan blocks from the #-Paraffin class is reassigned to

the available block to the right (unassigned #-Paraffin mass added to zso-Paraffin mass).

2.2 THREE-PHASE DISTRIBUTION (SOLUBILITY) MODEL

The following equations describe a multi-phase (petroleum product, water, air) dissolution
model that considers the changes in product volume and composition as a result of dissolution.
Several models for computing equilibrium concentrations in multiphase systems have been
presented elsewhere (McGrath et al. 2005 and references therein) and only a brief outline of the

equations are presented here. The mass balance for component 7 in the system is

M =Mg; +My,; +My; @

where ., is total mass of component 7 in the system and 7, 7, and m ,; refer to the mass of
component 7 in the product, water, and air phases, respectively. The mass balance can be expressed
in terms of volume and concentration of component 7

my; = Vs CG,i +Vy C +VACA,i @

W,i
where

C,,, = petroleum product phase concentration of 7 mol/L
C,; = water phase concentration of 7, mol/Ly,

C ,; = air phase concentration of 7, mol/I,

V. = volume of petroleum product, L

V,, = volume of water, Ly

V, = volume of air, [,

Assuming petroleum products are an ideal mixtures (Di Toro et al., 2007), the equilibrium between
the product-phase concentration and the total water-phase concentration (Cy) is described by

Raoult’s Law

Cyi =X S, S)
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where x; is the mole fraction of component 7 in the product phase and S is the aqueous solubility of

component z The concentration of the monomeric species is calculated in a similar manner

CD,i =X A| )

where x;is the mole fraction of component 7 in the product phase and A, is the aqueous activity (e.g.,
monomer solubility) of component z For many compounds with log(Ky,) less than approximately
5.5 the activity is equal to the sub-cooled solubility indicating that these compounds do not form
polymeric species. And in for some compounds with log(K,y,) greater than 5.5 the activity can be a
very small fraction of the sub-cooled solubility (< 0.001) indicating that the monomer species is a

small fraction of the total dissolved chemical.

The Henry’s Law describes the equilibrium between the air phase concentration and the

water phase concentration of the monomer species
H, :CA,i /CD,i ®)

where H; is the unitless Henry’s Law constant for component 7.

The relationship between the product phase concentration on a mole fraction basis and a

mol/L basis is via the petroleum product density, p. (mol/L)

CG,i =X; Pg (©6)

Substituting equations 3, 4, 5, and 6 into equation 2 and solving for the mole fraction yields

y = me;
I Ve pc)+Vy S; +V, HI A

)

There is one three additional equation needed to describe the system. The mole fractions of

the components in the petroleum product sum to 1
S =l ®

There are a total of » + 1 equations and » + 1 unknowns (7 x, and the product of 1V p.).

This system of equations is solved numerically as described below. The inputs are the total mass
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(my,,) the solubility (§), Henry’s Law constant (H) and density (0) of each component 7, as well as

the volumes of air and water in the system (I, and ).

The strategy is to minimize the error in Equation 9. The procedure is coded into a
Microsoft Excel™ 2010 spreadsheet using the Visual Basic for Applications (VBA) programming
language. The starting value for Vp,, (the mass of petroleum product) is obtained by assuming all

the mass is in the product phase.
Veps) = Z My ; ©)
i

An iterative method is used to vary the V until the overall sum of the working mole

fractions is 1.0.

2.3 TARGET LIPID MODEL

For the risk assessment of petroleum-derived products, it is accepted that the mode of
action of petroleum related hydrocarbon components is via narcosis (CONCAWE, 1996).
Chemicals that act via narcosis are referred to as narcotics. It has been demonstrated experimentally
that the effects of narcotics are strictly additive. This is important for petroleum products since they
consist of mixtures of hydrocarbons. The toxic unit (TU) approach is used to express the toxicity of
mixtures with components that exert a similar mode of action. The TLM (Di Toro et al. 2000) and
the TU concept have been adopted for use in computing environmental risk limits for mineral oil
(Verbruggen, 2004).

The TLM predicts the aquatic toxicity of narcotic chemicals to a variety of aquatic species,
including fish, algae and invertebrates. It is based on the inverse relationship observed between the
log(LLC50) (lethal concentration to 50% of test organisms) and log(K ) and the observation by
McCarty et al. 1991 that this relationship can be understood as the result of a constant body burden
of narcotic chemical that causes adverse effects. In the TLM a single universal slope for the log
(LC50)-log (K ,) relationship has been demonstrated, independent of species. The TLM equation

for computing the LC50 (mmol/L) for a particular chemical for a specific species is

logl.C50= -0.936 logKow + Ac + logC,” - logACR 1o
where AC, is the chemical class correction factor for chemicals that were found to be slightly more

potent than baseline chemicals (e.g, PAHs), -0.936 is the universal slope, and C| is the species-

specific critical target lipid body burdens (CTLBB) for narcosis effects (Lmol/goctanol) and ACR is
the acute-to-chronic ratio. The ACR is used to convert acute effects (e.g., LC50, ACR of 1) to
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chronic effects levels (e.g., NOEC, LC10, ACR of 3.83). The TLM has been recalibrated with
current log(K, ) values extracted from SPARC v4.2 in May 2008 (Hillal et al., 2004). The revised
TLM parameters are provided in the worksheet labeled ‘CTLBB’ for 42 organisms including
daphnids, fish, algae and other species. The parameters include the CTLBB, universal narcosis
slope, chemical class corrections and their associated standard errors. Chemical classes that require a
correction include the mono-, di- and polyaromatic hydrocarbon classes. The acute-to-chronic ratio

can be applied here to calculate chronic effect concentrations.

For application to petroleum products, the term LL50 (lethal loading concentration) is used instead
of the LC50 due to the insoluble nature of most petroleum products. Additionally, for application

to petroleum products, the K\, (target lipid-water partition ratio) is used in place of K as follows

0.947 log KOW +AC ; for log KOW <6

log KTLW:[ 6 +AC ; for log KOW >6
(11)

The overall result is that the maximum log(K, ) is 6.0 even for structures with very high
log(Kyy) values (>15). This adjustment dramatically limits the impact that super-hydrophobic
hydrocarbons have on the calculated toxicity. Without the adjustment, the predicted LL50s were
orders of magnitude lower than observed LL50s indicating that the model over estimated the
toxicity. The reader is referred to Verbruggen 2004 and Parkerton et al 2011 for additional details
on the derivation of the K cutoff. There is an option available to the user where the cutoff and

slope of the cutoff can be customized to meet specific the needs of a specific application.

The toxicity of the petroleum product (hydrocarbon mixture) can be expressed using the
concept of TUs (Sprague and Ramsay, 1965). A TU is defined as the ratio of the exposure
concentration of the freely dissolved chemical (equation 4) to the effect concentration for a specific
medium (e.g. water). The monomer species is assumed to be the bioavailable form of the total
dissolved hydrocarbons. A toxic unit posed by each specific hydrocarbon block 7 in a mixture is

computed as

U-: CW,i
' LCs0,

(12)

where Cy,, is the aqueous freely dissolved concentration of the hydrocarbon block (mmol/L) and
LC50; is the aqueous effect concentration (mmol/L) for that block for a specific species as derived

from equation 12 or 13. To compute the toxicity of the mixture, the TUs for all hydrocarbon
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components in the mixture are summed. When the sum of the TUs for the mixture equals one, the

mixture is expected to be toxic to 50% of the organisms.

Loading data are not required for the model to calculate median acute or chronic effect
endpoint (e.g., LC50). The model starts with an initial guess at the loading and calculates solubility
and the subsequent toxic units, iteratively changing the load with each pass until the final toxic units

equal 1.0 according to the following definition:

Acute Toxic Units = 1 = Load(i)/ mod el —calculated LL50 (13)
Or alternatively for chronic effects (e.g., ACR = 3.83):

Chronic Toxic Units = 1 = Load(i)/mod el — calculated chronic effects level (14)

2.3.1 Bioavailability correction

Under certain exposure conditions the partitioning of hydrocarbons to the test organisms
can reduce the bioavailability of dissolved hydrocarbons. For example, in algal exposures there can
be substantial particulate organic carbon (POC) concentrations (1-2 mg/L) from the algal cells. The
particulate algal carbon acts as a sorbent for dissolved hydrocarbons. The organic carbon partition
coefficient (K ) and the fraction of dissolved hydrocarbon are calculated following equilibrium

partitioning theory (EqP) (Di Toro et al. 1991):

log (K ) = 0.00028 + 0.983 * log (K ) (15)

Fraction dissolved = 1/(1 + POC * K. ) (16)

If lipid concentrations are entered with the corresponding biodilution option selected then

the log(K,y) value is used to calculate the fraction of dissolved hydrocarbons in a similar manner

Fraction dissolved = 1/(1 + Lipid Concentration * K ) 17)

There are four bioavailability correction options in the model. The first option, Option 1, is
to proceed with the calculations and assume that no correction occurs. Option 2 allows the user to
enter POC concentrations in units of mg POC / L water. Under typical test conditions algal cell
density can reach 10° cells/ml (i.e., CONCAWE-kerosene data), which corresponds to a POC
concentration near 2 mg/L assuming a cellular C-content of 20 pg/cell (Mayer et al. 1998). The
model will calculate the fraction of dissolved hydrocarbons that is bioavailable according to the POC
partitioning model described by equations 17 and 18. Option 3 will perform the same calculation

with a default POC concentration of 2 mg/L, representing a typical upper bound. Options 2 and 3
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are usually enabled during calculations for algal endpoints but the calculation can be performed for
any species in the TLM database, including the user-defined option. If Option 2 is selected but no
POC concentrations are entered, the model will proceed with POC concentrations of zero. Option
4 allows the user to enter lipid concentrations in place of POC concentrations. A convenient
estimate of the lipid concentration by calculating an organism loading (g wet weight / L water) from
the exposure condition and assuming at lipid content of 5% or with other estimation techniques or
measurements. The fraction of bioavailable hydrocarbons is calculated with membrane-water

partition coefficients as described in equation 19.

2.3.2 Predicted No Effect Concentration (PNEC)

Aquatic PNECs were calculated for each of hydrocarbon structure according to the HC;
equation as described in (McGrath et al., 2004). The equation was modified to calculate the HC;
with target lipid-water partition coefficients (K ) instead of K as described in equation 11.

log(HCg ) = E{m log(Ky y )} + E{Iog(C::)}— E{log(ACR)}-

* (18)
k2 \/V{m log(Kw )2}+ V{log CL} +V{log (ACR)}

m universal target lipid slope (-0.936)
HCs

hazardous concentration to 5% of test species, mmol/L
CL* = mean critical target lipid body burden, umoles/g octanol
ACR = mean Acute to Chronic Ratio

Ac/ ~ = chemical class correction
Al

k; = 95% confidence extrapolation factor

where the E{log (CL* )} is the logarithmic value of the geometric mean of all critical target lipid

body burdens (umoles / g octanol) in the TLM database (Di Toro et al. 2000a with Sept. 2005
recalibration) and has a value of 2.13. The mean ACR for all species in the toxicity database is 3.83
for hydrocarbons (McGrath and Di Toro. 2009). The term ‘&, is the 95% confidence sample size-

dependent extrapolation factor and has a value of 2.21. The variance in the universal target lipid
slope (1/(m)) is 2.25E-4 and the variance in the C,” (I”(log(C,))) is 0.015. The variance in the ACR
(I"log( ACR))) in the ACR is 0.126. In addition, a chemical class-correction of -0.352 for di- and

polyaromatic hydrocarbons and a correction of —0.109 for monoaromatic hydrocarbons are included
in these calculations since these compounds exhibit slightly higher toxicity than other hydrocarbon
classes that conform to "baseline" ecotoxicity. Additional validation of PETROTOX are provided
in Redman et al., (2011).
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SECTION 3

SPREADSHEET MODEL OVERVIEW/ORGANIZATION

This version of the spreadsheet model is password protected so that critical portions of the
model are not inadvertently lost or modified. The spreadsheet interface and visual basic code are all
protected so that error messages will appear if text or calculations are attempted in the interface
sheets in locations that are not specifically intended for data entry. Colored cells indicate the data
entry fields. The password for the spreadsheet interface, in all caps, iss CONCAWE. The password
protection will be reinstated after every calculation. This is done to prevent inadvertent deletion of
key data required to run the model. The nine worksheets in this spreadsheet are briefly described in

this section.

3.1 INPUT

This worksheet is used to enter product-specific or application-specific data that are required
to use the model (Figure 2). These data includes mass fraction distribution by chemical class and
boiling point range, product loading information, and exposure conditions. Also, in this sheet the
user can select the target species endpoint, input resolution, and bioavailability correction options.
The colored boxes in the ‘Input’ worksheet are where the user inputs information necessary to run
the model. There are two modes for inputting compositional data that correspond to GCxGC
(High resolution) and TPH (Low resolution) analytical approaches. Compositional data for High
resolution is organized by discrete chemical class (n=16) and carbon number. Compositional data
for Low resolution is organized by total aromatic and total aliphatic general chemical classes and
boiling point. The orange-shaded section indicates an input range for carbon number or boiling
point intervals. The light blue (cyan) color indicates a section for entering mass fraction
information. The purple shaded section is for entering dose response information: loadings, effect
data, or particulate organic carbon concentrations. The pink cells are for entering the dimensions of
the exposure chamber: water and headspace volumes. The user may also input date and title
information specific to the petroleum product being analyzed in the top two cells in column C.

These features will be discussed in more detail later on in this guide.

3.2 OUTPUT LL50

This output sheet (Figure 3) has information related to the calculated acute or chronic
endpoint. The product loading is reported at the LLLL50 as well as the distribution of toxicity via
toxic units for different chemical classes and boiling point intervals (hydrocarbon blocks). Average
physical/chemical properties of the hydrocarbon blocks ate also reported in this sheet. Average
PNEC values calculated with the HC5 equation (McGrath et al. 2004) for each hydrocarbon block

are reported. PNEC values that are greater than the computed water solubility of a given
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hydrocarbon block are indicated in bold red numbers. The concentrations of hydrocarbons in the
three different phases (water, headspace, free product) are provided here. If the headspace volume
was set to zero in the model run, then the headspace results will return concentrations of zero.
Likewise, if the product completely dissolves (no product phase) the model will report

concentrations of zero for this phase of hydrocarbon blocks.

There is a ‘Chart’ button that will create stacked bar and pie charts that portray the
distribution of toxic units among different chemical classes and hydrocarbon blocks. These charts
are printed in the ‘Charts’ wotksheet. There is a ‘Copy Input/Output’ button that will copy the
input and output pages from the output sheets to a new workbook so that different model scenarios

can be recorded. This worksheet is hidden when dose-response calculations are performed.

3.3 OUTPUT LOADS

The output loads worksheet (Figure 4) is similar to the ‘Output LL50” worksheet in that the
average physical/chemical properties of the hydrocarbon blocks and the concentrations of the
hydrocarbons in the different phases are reported. The results are provided in this sheet for each
product loading specified in the ‘Input’ worksheet, rather than at the LLL50. A ‘Chart’ button similar
to the one found in ‘Output LL50’ can be used to generate similar stacked bar and pie charts for
each of the product loadings and the ‘Copy Output/Input’ button is also available. The avgPNEC
is reported here for comparison to the computed water solubilities. Note, the PNEC is independent

of product loading. This worksheet is hidden when LLLL50 calculations are performed.

3.4 DETAILEDOUT

This worksheet contains detailed output of the assignment and mass allocation of the library
structures to the user-input hydrocarbon blocks. The outputs indicate which block and chemical
class an individual compound is assigned to as well as the mass fraction allocated to that compound.
For reference the compound ID is also given along with the log(K,y) and PNEC. The results for
predicted air, water and oil-phase concentrations are also given along with the TLM-predicted toxic
unit. These data can be compared to the summarized outputs in the ‘Output - ...” worksheets.
Only the results for the last loading analyzed from the dose response or LL50 calculation modes.
This worksheet is intended to report the mapping of representative structures to the hydrocarbon

blocks and the subsequent mass distribution among the assigned structures.

3.5 CHARTS

This sheet will include charts that are generated from the output worksheets. The charts will
remain in place until the next set of calculations is performed — at that time the existing charts are
cleared to make space for a new series generated with the ‘Chart’ button. Only a bar chart is
produced for each product loading showing toxic unit distribution over the hydrocarbon blocks.

The charts have a number of text boxes that reflect the details of a given model calculation. The
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data plotted in the charts are found in the output sheet where the ‘Chart’ button was activated. See

Figure 5. The charting feature is only active under the high resolution mode.

3.6 CTLBB

This worksheet lists the CTLBB for 42 species that are in the TLM database. There is also a
drop-down menu where the user can select the ACR. There is the default option of 4.47 (McGrath
et al. 2004) or a user-defined option for specific applications. This worksheet also displays the
assignment of chemical class corrections that are used for toxicity modeling as well as the constants
used in the HC5 calculation that is described in greater detail elsewhere (McGrath et al. 2004). See
Figure 6. Also in this sheet are options for entering user-defined target lipid-water partitioning

parameters (near cell H39).

3.7 CONCAWE LIBRARY

Physical and chemical properties data computed with SPARC for 1512 library structures are
stored in this database. The TLM is calibrated with SPARC log(K, ) values and to maintain internal
consistency within the spreadsheet model, physicochemical properties extracted from SPARC are
used in all solubility and toxicity calculations. All physicochemical parameters correspond to
conditions of standard temperature (25 °C) and pressure. There are several columns of property
data: Molecular Weight, Boiling Point, Sub-Cooled Solubility, Activity, log(K.y), Henry’s Law
Constant and a few other data fields necessary to run the model calculations. Physical/chemical
properties in this database were calculated with EPA’s properties calculator SPARC at standard
temperature and pressure. PNEC values are computed with the HC5 equation and those PNEC
values that are greater than the sub-cooled solubility are highlighted in a light blue color with bold

numbers. See Figure 7.

3.8 DEFINITIONS AND SUPPORTING INFORMATION

This worksheet contains a list of the parameters and their definitions used in the
spreadsheet.  Acronyms are defined and the units of the vatious input/output parameter
concentrations are described here as well. A key to the chemical class assignments and toxicity
corrections is provided so that the user will be able to track the mapping of library structures to the

input description. See Figure 8.
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SECTION 4

STEPS FOR MODEL EXECUTION

This section contains generalized step-by-step instructions for entering data and running the
model. There are detailed examples provided in the Demonstration files of the SETAC short course
materials (SETAC 2011). The command buttons and input data fields on the ‘Input’ sheet are all
labeled on Figure 9.

1. Select input resolution. See Figure 10.

Near cell B17 there is a button labeled *Set Input Resolution’ that, when activated, gives the
user two options related to the input format of mass fraction: high-resolution and low-resolution.
These input formats determine how the model assigns structures from the library database to the
hydrocarbon blocks as discussed earlier. Whenever this button is activated the previous inputs will
be cleared to prepare the spreadsheet for a new set of inputs in the selected format. The user must
save their input data prior to switching resolution formats since the input/output data will be lost
with each new calculation. Once a calculation is performed there are command buttons in the
output sheets that enable the user to copy the input and output sheets to a new worksheet so that

the user can track their progress through different analyses.

The high-resolution format displays 16 chemical classes where mass fraction data can be
entered. This data field appears between cells E19 and T70 and is highlighted in light blue. There
are 100 possible entry lines for hydrocarbon blocks. The model expects data to be entered in the
first available row of the data field (Row 21). Additional hydrocarbon blocks must be entered in the
next available row. If there are gaps in the blocks of entered data the model will not read the inputs

correctly.

The low-resolution option will clear the previous format and data and display two columns
with light blue shading in cells E19 to F70. These two columns allow the user to enter mass fraction

information for the general aliphatic and aromatic chemical classes.
2. Enter mass fractions and boiling point

The data that the user enters into the light blue cells are the mass fractions of a given
hydrocarbon block in units of weight percent so that the sum of all of the mass fractions equal
100%. See the Tutorials for detailed examples. The number of entries in the first orange-shaded
boiling point data field (Cells C21 to C70) sets the number of hydrocarbon blocks that the model
works with internally. All mass fraction and boiling point interval information for a given block
must be entered on the same line. Each block can have a value between 0 and 100% but the sum of

mass fractions in all of chemical classes in each hydrocarbon block must add up to 100%. If the
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sum of the mass fractions does not add to 100% then the model will interrupt the model

calculations and prompt the user to correct the inputs. See Step 8.

The orange-shaded cells in columns C and D are used to enter CNo or boiling point
information that defines the interval used to extract library structures from the Concawe library
database for mapping and assignment purposes. The initial CNo or BP is entered in column C and
the final CNo or BP in column D. Interval entries that are above or below the maximum or
minimum CNo or BP of the database are highlighted with bold blue or bold red coloring,
respectively. Structures with a CNo or BP greater than or equal to the initial interval mark and less-
than the final interval mark is mapped to this hydrocarbon block. Then, these structures are
assigned mass fractions according to the user-defined distribution of mass fractions among the
different chemical classes. The model expects the intervals to be entered with the lowest range in
the first hydrocarbon block row (row 21) and the next highest range in the second row and so forth.

Otherwise the reassignment of unassigned mass in the ‘orphan’ blocks will not be performed
propetly.
3. Enter volume of exposure conditions

Once the mass fractions and boiling point intervals are entered, the user must set the volume
dimensions of the exposure scenario. This information is entered in the pink-shaded cells C6 and
C7. If no values are entered the model assumes default values of 0.9 L of exposure water with a 0.1
L headspace for a total system volume of 1.0L, which is equivalent to a system with a 10%
headspace. The minimum headspace volume can be 0.0 L. The headspace can be an important
phase for particularly volatile petroleum products like gasoline products where much of the product

load volatilizes to the headspace.
4. Select species/ACR

The next step is to select the species-specific CTLBB from the drop-down menu located
near cell F5. If the CTLBB for a desired species is not available, a user-defined CTLBB can be
entered. The units of the CTLBB values are pmoles/g octanol. Similatly, on the ‘CTLBB’ sheet
there is a drop down menu where the user can select either the default ACR or enter a custom ACR
in cell K5.

Also in this spreadsheet, the user may enter application-specific parameters to describe the
membrane-water partition cutoff. There is a drop down menu and a series of notes explaining the

parameters and their typical applications near cells H39 in the ‘CTLBB’ sheet.
5. Select bioavailability correction options. See Figure 11.

Once the species is selected, a dialog box will appear and prompt the user to select from one
of four bioavailability correction options: (1) No correction, (2) User-defined particulate organic

catbon (POC) concentrations, (3) default POC concentration of 2.0 mg/L and (4) lipid
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concentration in mg/L. The bioavailability options can be reset at any time by activating the button
labeled “Bioavailability Mode” near cell G9. Activating this button will cause the dialog box to
reappear so the options can be set. The current options are displayed in cells F11 and G11. These
cells are critical to the model’s performance and their contents should not be changed independently
of the command buttons or drop-down menus. If option 1 is selected the model will proceed under
the assumption that all of the model-calculated dissolved hydrocarbons are bioavailable. The model
will ignore any particulate organic carbon (POC) concentration values entered in the data field in

column P rows 6 to 15, shaded in purple in the ‘Input’ sheet.

During dose response calculations POC or lipid concentrations need to be entered in every
line where loading information is entered when options 2 or 4 are selected. During acute or chronic
endpoint calculations with these options, the user will enter the POC or lipid concentration in cell

P6 as indicated by the message that appears in cell Q0.
0. Enter loading information

This step depends on the calculation option that is selected in Step 7. If the user desires to
run a dose response for a series of product loadings then these values are entered in the purple-
shaded cells in column N, rows 6 to 15 in units of mg product/L exposure water. The model can
accommodate up to 10 loads. The user may also input effect data (i.e. mortality) in column O. The
effect data are not used in the model calculations and are only used to generate charts in the ‘Output
— Loads’ sheet of effect data versus model-calculated toxic units. The units of the effect data
column are percent response (%) but the actual interpretation of these values is left to the user.

These data can be used for analyses of the model results.
7. Select calculation button

There are two calculation buttons: ‘Calculate End Point” and ‘Calculate Dose Response’.
Activating either button will direct the model to read in the data entered in steps 1 through 6 and
will immediately display several dialog boxes in series while setting up the calculations (See Figure
12). The first box will prompt the user to select either the acute or chronic calculation mode. The

acute mode is the default toxicity calculation mode.
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8. Mass scaling options. See Figure 13.

After the calculation type is selected, a second dialog box will appear if there are imbalances
in the mass fraction entries. If the sum of the mass fractions as entered in Step 2 is greater than
100.005%, the model will stop the calculations so that the user can correct the inputs and retry the
calculation. If the mass fractions are substantially less than 100% (< 99.995 %) then the model
displays a warning message stating that there is a mass imbalance and reports the summed mass
fractions (Figure 13,A). Immediately following this message another dialog box appears with 3
options: (1) Scale up to 100%, (2) Apply to non-toxic n-paraffin, (3) Stop Calculations.

Option 1 will evenly scale up all of the entered mass fractions until the sum of the mass
fractions is 100%. Option 2 will assign the difference between the sum of the mass fractions and
100% to a non-toxic #-paraffin. Under this option, the input sheet will be modified to include an
additional hydrocarbon block that immediately follows that last user-input block. The narrow
boiling point range that is displayed brackets the boiling point of #-Hentriacontane, a C31 #-paraftin
(ID: 1021). Although this structure has a particularly high log(K_ ) of 17.78 and very low solubility
of ~10" mg/I. ensure that this hydrocarbon block will not appreciably affect the toxicity

calculations and that it is essentially inert.
9. Output sheets

There are two output sheets that correspond to the calculation command buttons on the
‘Input’ sheet. The ‘Calculate End Point’ button prints results to the ‘Output — LL50” sheet. The
model calculated critical product loading (in mg product / L water) for acute or chronic endpoints is
reported in a purple-shaded cell C7. The toxic units from the calculation are in cell C8 and should
be 1.0 for this calculation mode. In a few cases when petroleum products are not acutely (or
chronically) toxic and the toxic units do not reach 1.0, a message is displayed indicating that the
desired endpoint was not reached and the maximum toxic units are reported. The acute or chronic
endpoint is reported as >1000 mg/L in cell C7 and the maximum toxic units are displayed in cell
C8. The maximum toxic units can be reached at loadings substantially lower than 1000 mg/L and a
targeted dose-response calculation can be performed to identify the range of loadings where the

maximum TUs are reached.

The concentration of free product that remains is reported in cell C13 near the other
exposure chamber dimensions. The model is constrained so that ratio of the free product phase

. -10
volume is never less than 10

L oil/L total system. The constraint ensures model stability during
calculations with highly soluble petroleum products and has a negligible impact on the mass balance
at low loadings or for materials that are highly soluble. The weighted-average physical/chemical
properties of the reference structures that have been mapped to each hydrocarbon block are
reported in the orange-shaded cells in columns C to F. The outputs are the geometric means of the

octanol-water partition coefficient, sub-cooled solubility, molecular weight, and air-water partition
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coefficients. Columns G through I report the computed concentrations of hydrocarbons in the
different phases: product, air, water. The units of the concentration outputs are mass/L phase (e.g.,
mg/L product, mg/L headspace, mg/L water). If there is no headspace or free product phase then

the model reports concentrations of zero for these phases.

A unique result in this sheet is the PNEC output in column | with units of mg/L water. The
PNEC values for the hydrocarbon blocks reported in column ] are the calculated as the geometric
mean of the PNEC values for the representative structures from the database that were mapped to a
given hydrocarbon block. The PNEC for the individual structures are found in column Y of the
library database sheet: ‘CONCAWE Library” and are calculated with the HC5 equation described in
the ‘CTLBB’ sheet and in McGrath and Di Toro (2009). These values change as a function of the
hydrocarbon block definition but are independent of product loading. These values are provided
for quick reference only. Block-averaged values can introduce error into risk assessments, which is
why PETROTOX uses individual compounds to perform fate and effects estimated. These values
will be printed in red bold font in cases where the PNEC (column ) is greater than the sub-cooled

solubility reported in column D.

The light blue-shaded data fields report the toxic units that are contributed from each
hydrocarbon block for 6 grouped chemical classes. The output format will change as a function of
the input resolution. Under high resolution the TUs and PNECs are reported for five output classes

as follows:

Paraffinic and Olefinic — sum of toxic units from sub classes 1, 2 (»- and iso-

paraffins)
e Naphthenics — sum of toxic units from sub classes 3, 4, 5, 6, 9 (all cycloalkanes)

e Mono-Aromatics — sum of toxic units from sub classes 11, and 12 (Mono- and

Naphthenic Mono-Aromatics)

o Di-Aromatics — sum of toxic units from sub classes 13, and 14 (Di- and Naphthenic

Di-Aromatics)
o DPoly-Aromatics — sum of toxic units from sub class15 (Poly-Aromatics)

Under low resolution calculations TU and PNEC results are printed for only total aliphatic (sub
classes 1, 2, 3, 4, 6 and 9) and total aromatic (sub classes 11, 12, 13, 14 and 15) chemical classes by
block.

The ‘Output — Loads’ sheet has a very similar format, except that it does not have the PNEC
output since this output does not vary with product loading. The output fields repeat across the
sheet, beginning in columns C to N for the first load and ending in columns GA to GL for the 10th
load. A summary table of the loads and total toxic units is given in cells I5 to K14, shaded in purple.
There are two charts that are found on this page in columns O to T. The first plots the effect data



46

versus the model-calculated toxic units and the second displays total toxic units versus product

loading. They are given as a convenient representation of the modeling results.
10. Charts and copy buttons

For more detailed analysis of the model results there are two buttons available in each of the
output sheets. The first is labeled ‘Chart 50’ (or ‘Chart LLoads’) that creates two charts for each
product loading (ILLL50 calculations have one set of charts and Dose Response calculations have one
set for each load). The charts read data from the output sheets and are displayed in the ‘Charts’

sheet. This feature is only active in high resolution mode.

One chart is a stacked bar chart of the toxic units in each of the 6 grouped chemical classes
versus the hydrocarbon block position. Also, a pie chart is generated to show the contribution of
the 6 grouped chemical classes to the overall toxic units. These charts contain a few text boxes that
indicate the product name, target organism and product loading and toxic units associated with each

chart. The charts are erased with each new calculation.

For more detailed data analysis the input and output sheets can be copied to a new
spreadsheet so that the user can save the model results in a separate workbook. A command button
labeled ‘Copy Input/Output’ is found on each output sheet. The copied spreadsheet will have three
tabs: Output, Input, and a general comments page. The command buttons are removed from these

spreadsheets and the sheets are no longer part of the functional model.
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SECTION 5

APPLICATIONS

These spreadsheet models can be used to analyze dose response data, calculate 1.LIL50s, or
toxic units for user-input dose response data as a means of analyzing and designing toxicity
experiments. The models can be used to analyze the results of fate models to calculate
environmental toxicity and potential risk of hydrocarbon emissions in aquatic compartments. The

environmental toxicity of individual hydrocarbon blocks can also be evaluated using this version of
PETROTOX.
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SECTION 6

DISCLAIMER OF WARRANTIES AND LIMITATION OF
LIABILITIES

PETROTOX User Agreement and Disclaimer

This disclaimer is issued in regard to the computer software programs referred to as
PETROTOX. PETROTOX was originally developed by HydroQual, Inc for CONCAWE.

The software programs PETROTOX is being made available without charge or restriction
except as stated in the next sentence. No recipient of PETROTOX shall: (i) copyright or patent it in
any form; (i) redistribute it to others without HydroQual's and CONCAWE's prior written
authorization; (iii) make a monetary charge for it; (iv) violate or participate in the violation of the
laws or regulations of the United States or other governments, foreign or domestic, in regard to its

use or distribution.

To the extent not contrary to law, HydroQual, Inc. and HDR Engineering, Inc., its parents,
subsidiaries, affiliates or other related companies shall not, in connection with PETROTOX, be
liable for: (i) injury to persons; (if) damage to, or loss of, property; (iii) infringement of intellectual
property rights; (iv) loss of, reduction in or interruption of business; (v) loss of, or failure to achieve,
revenue or profit; (vi) increased costs of operation; (vii) loss of materials or information; (viii)
computer failure or malfunction; or (ix) special, direct, indirect, incidental, punitive or consequential
damages. The preceding disclaimer shall apply whether or not liability results, or is claimed to result,

from negligence or other circumstances.

HydroQual and HDR Engineering, Inc., its parents, subsidiaries, affiliates or other related
companies do not represent or warrant that PETROTOX is free from defect or deficiency.
Recipient shall be solely responsible for correction of defects or deficiencies, if any. There are no
warranties, express or implied, including, without limitation, warranties of merchantability or

suitability for a purpose.

Each recipient shall indemnify and defend HydroQual and HDR Engineering, Inc., its
parents, subsidiaries, affiliates or other related companies against claims, liabilities, actions, costs and

expenses which may result from recipient's violation of the provisions of this disclaimer.
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This sheet contains charts generated with data from Output sheets
There are two charts for each load: 1 pie [TU e Chemical class) and 1 stacked bar [TU far each hdyrocarbon block we chemical clazs)

Froduct:  Gas Oil A
Date: H1E 2009
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A | E [ | [u] | E | F G | H | | ] | K | L | [X] | —
1
L2 Mozt recent Marocsiz Analyzis [Sept 2005]
Log(Standard Standard
L 3 |ID Species Intercept Error] CTLEE Error
| 4 | [ml f g octanal] Selected Acute-to-Chronic Ratio:| Default  User-Defined Working Yalue
| & | 1 USER-DEFINED 147 1]
| B | 2 Aedes aequpti 2415 [ATE) ZE0.D ne.r
7 3 Alburnus alburnusz 2234 0147 171.4 3.3 NOTE:
N 4 Ambystoma meticanum 2388 0174 2443 106 IF walues are left blank the model will assume default conditions
9 | 5 Ankistrodesmus Falcatus 2,693 0133 500.0 1731
| 10| B Artemia salina nauplii 2288 0074 1941 6.2
L1 T Carassius auratus 218 0.067 161.4 238
12 | 2 Chlamydomonas angulosa 2524 0,053 foR s EG.Y
12 a4 Chlamydomonas reinhardtii 1538 0141 4.4 121
| 14| 10 Chlarella wulgaris 2,656 0.0vE 4457 823
15 | il Cules pipiens 2333 0174 2153 376
& | 12 Cyprincdon varisgatus 2.055 0094 N5 285 PNEC calculation based with HC5 formulation
|17 13 Dianio reric 2.093 0.1 126.6 305
|15 | 14 Dlaphnia cucullata 2394 0174 2477 2z LogHCS = URS ® Logkmw + [geomean of CTLEE + Chemiczal Class Correction] - Log(geomeanACR] - kz * [Wariz
19 | 15 Daphnia magna 2082 0.050 5.3 124
| 20 | 1& Diaphnia pules 14987 0023 A0.E 18.2 Univerzal Marcosiz Slope 0836
21 | 17 Gambusia affinis 23 0147 204.2 7h.4 Geomean of CTLEE 140 [pmol { g octanol]
| 22 | 12 Hydra oligactis 2329 [ATE) 2133 966 ACH 147
| 23 | 19 letalurus punctatus 1864 01449 Tl 274 kz 2.0
| 24 | 20 Jordanella flaridae 1827 0.1 ET.1 163 Wariance of UMS|  2.26E-04
| 25 | 21 Lepomiz macrochirus 2117 0.053 130.3 121 Wariance of logCTLEE 01z
| 26 | 22 Leptochirus plumulosus 1634 0203 431 238 Wariance of logaCR 0.020
| 27 | 23 Leuzisus idus melanotus 2183 0.078 1524 281
| 25 | 24 Lymnaea stagnalis 2288 nive 1941 ara “"These parameters cannot be modified at this time
| 29 | 25 Fenidia beryllina 2465 0143 27 104.4
| 30 26 Iysidopsis bahia 1535 0.057 343 71
3 27 Meanthes arenaceodentata 228 0202 1220 998
| 32 | 28 Mitoura spinipes 2,258 n15g 1203 T2E Chemical Class corrections [additive)
| 33 23 Oithona davizae 2151 0142 1416 50.2 ketone cormection 0.000] Maorne in databaze
| 34 | 30 Oncorhynchus mykiss 182 0.067 EE.1 0.4 halogenated chemical cormection -0.338 Mone in database
| 35 | H Qreonectes immunis 2137 0AED 1371 BE.O FAHs comection 0,352 Applied to Polysr, Cidr, MOVAr structures
| 3& | a2 Oryziaz latipes 2104 niv4 1271 B7.E Monoaromatic hydrocarbon correcti -0.109 ) Applied to Modr, MRodr and ArS structures
| a7 | 33 Falaemonetes pugio 1.768 0127 ] 7.3 Aliphatic correction 0.000) Applied to n-F, I-P, n-CCE, n-CCE, I-K, Di-k, Polybl, £
| 35 | 34 Fimephales promelas 2.087 0.044 1222 125
| 39 | el Poecilia reticulata 2402 0108 2623 E5.2
| 40 | 35 Fortunus pelagicus 1727 0.203 F33 29.4
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a | B | C | [u] [ E [ F [ G [ H [ 1 | J | K | L

1 |WORKSHEET PROTECTED: COMNCAWE

2 1516 CAS MName Smiles Carbon # Class SubClass jeneral Clas Mol Wt | Boil P [C] "at Sol [(mg!l Log Kaw

3 o~ [~|Name [+]sMILES [=] =] [=heekeycT=lr=2,5and>|  gmel [7] c (=] mal [v] sitwatel:
1482 1474 2-methyl-3-heptene CC[CIC=CCCT ] Olefin, branche ] 3 12214 114.843 2.70E+00 1803
1483 1480 2 4-dimethyl-1-hegene C=C[CJCC(C)CC 2 Olefin, branche 2 3 12.214 m.9z27 FA0E+00 1763
1484 143 2-methyl-1-heptene C=C[C)CCCCC E Olefin, branche E 3 .z 126687 3.24E-00 1546
14856 1482 2-methyl-1-octens C=C[C)CCCCCC | Olefin, branche E 3 126.241 151634 7.62E-01 1732
1486 14a3 Tetratriacontane CCoCCCCCoCCCCCoCoCCCoCoCCCCooCCCCoT 24 Alk.ane, linear 1 1 478927 452,628 6.26E-17 5.320
1487 14a4 Hexatriacontane CoCCCCCoCCCCCOCoCCCCCCCCCCCCCCCCooT 36 Alk.ane, linear 1 1 G06.981 G00.546 5.06E-13 5134
1488 1485 2-methyl Octacosane Co[CICCCCCOCCCCCCCoCCCCCoCCCCooT 30 Alk.ane, branck 2 1 422820 423504 2.29E-14 4472
1488 1486 2-methyl Tetratriacontane CC[CICCCCCoCCCCCCCoCCCCCoCCCCoCoo kil Alk.ane, branck 2 1 436.847 432.067 A.31E-16 5101
1440 1487 n-Fentacosyleyclohesane C[CCCCCCCCCCCCCCCCCCCCCCCCCCCCCT #H Alkane, mono 3 1 434,831 431157 1.70E-14 4.242
1431 1488 n-Hekacosyloycloherane C[CCCC)(C)CCCCCCCCCCCCCCCCCCCCCCCCeT 32 Alk.ane, mono 3 1 448,868 437737 ZA1E-15 4.371
1492 1424 1-cyclohesyl 4,212,186 pentamethyl £ CICCCCCICCCC(CICCCC(C)CCCC(CICCCC(CICCCT 24 Alk.ane, mono 3 1 47691 294734 5.77E-16 5.009
1433 1430 1-cyclohesyl 4,812,168 pentamethyl f CICCCOCICCCC(CICCCC(C)CCCo(CICCCC(CICCCo 36 Alk.ane, mono 3 1 504,965 407.861 IBE-IT 5241
1434 1491 1-3methyltetraacozyl2-methloyclo) CICCCOCICCCC(C)CCCC(C)CCCo(C)CCCC( ST 24 Alk.ane, mono 3 1 47691 294734 5.77E-16 5.003
1445 1432 1-3methylheracasyl2-methleyclolh CICCCOCICCCC(CICCCC(C)CCCC(CICCCC(CICCCo 36 Alk.ane, mono 3 1 504 965 407261 IBE-I7 5241
1436 1433 2-[2,6,10,4 tetramethyhexadecyl]-4 CICCC2CCC[CC[C)CCCC(CICCCC(CICCCC(C)CO)CCE ar Alk.ane, di-cycl B 1 516976 402304 124E-17 §.237
1487 14594 2-[2,6,10,14 tetramethyhexadecyl]-3 CICCC2CCC[CC[CICCCC[C)CCCC[CICCCC[C)CC)CC:E 39 Alkane, di-cyel E 1 b46.025 Hrhz2 4.7ZE-13 5493
1438 1435 2-ethyl,6-methylundecyl-hydro-chry CICCC2CCC3C4CCC(CC(CCICCCO[C)CCCCC)CC4CT 3z Tetrahl | 1 442810 93881 141E-12 2055
1433 1436 2-propylé-methylundecyl-hydro-ch CICCC2CCCIC4CCC{CC(CCC)CCoCC)ICCCCo)CC4c 33 Tetrahl 4 1 456837 297044 J.E4E-14 3M7
1500 1437 Z-izopentyl G-ethylundecyl-hydro-c CICCC2CCCIC4CCC{OCCC(C)CC)CCCo(CC)CCCCT) 36 Tetrahl | 1 438.917 290.248 8.35E-16 3727
1501 1438 2-[3,B-dimethylheptyl)-&-methyl hyc CHC[CCCICICCC(CICCCOC)CoICC[CIC2CICCCCICT 3z Tetrahl | 1 442810 391713 113E-13 3313
1502 1438 2-3,B-dimethylheptyl}-8-butyl-10-(2) C4C[CCC|C)CCC(CICCCCC)CoICC(COCC)CaCICTC Ll Tetrahl | 1 569051 422313 3.22E-13 4925
1503 [ 1600 Dimethylheptyl-hydro benzala)pyre CC[CICC)CCC2)C2CC3)(CICC(C4CCCECC[C)CCOT 29 Fentahl 3 1 398714 378800 Z20E-1 2328
1504 1501 Isoheiyl hydro-benzo-perylens CCC(C)CCCECC2C(CCR)CICCCCHCIC[CICCOCECItH a0 Hetahl ] 1 410725 400,274 2.00E-12 1623
1805 1802 BEMNZO[PIMAPHTHOE F-GHI)C sleckoceeTobedo[ede el (cbodeooeh) oo e B coeel2 28 Hexahs 15 2 262474 TOE.425 2A48E-05 -v.ooy
1506 1502 Hydro-BENZ0(PIMAPHTHO(1,2, CICCECCCCFCeC2C(C4CTCIC[CRC4CCOCE)COCCI)T 28 Hexahl | 1 280656 419.540 161E-10 0.293
1807 1504 DIEEMNZ0(E KICEHRYSEMNE choheceobec2ebele[eleodeoeldoel| oo cd oo 25 Hexahs 15 2 a4z EE9.407 2.32E-04 -v.000
1508 1505 Hydro-DIBEMZO(E,K)CHRYSEME CECECCCCCECC2CECICICICCAC{CCICCCooCd)Co 26 Hexahl | 1 364 613 TRz 2 B3E-04 1087
1508 1508 n-Butyl dimethyl hydroperylene CCCCC2CCICC{C)CC4CIC(CICC(C)CCEC3C4CCCR)CE 26 Fental | 1 356634 362068 1.43E-03 214
1510 1507 2,2,4,6,6-pentamethylheptane i g T g T ey o 3 1 12 Alkane, branck 2 1 170.337 208362 4.86E-03 3247
1511 1508 2.2, 3-trimethyl decane CCCCCCCo[CICC)Ce)c 12 Alk.ane, branch 2 1 124,364 234644 1.45E-0% 2773
1512 1509 2,3.6,6-Tetramethyloctane CCC(C)CICCC[CCIcC 12 Alk.ane, branck 2 1 170337 2ze.451 5.42E-03 2821
1512 1510 2,244,888 -heptamethylnonane | CCC)C)CC(CICCIC)CICC(C)CIC 16 Alk.ane, branck 2 1 ZE6.445 287.526 2.M1E-05 4.054
1514 151 E-n-Butyl-2,3-dimethylnaphthalens Ce2oclcosCCCC)eclec2C 15 Maphthalene 13 2 212334 34961 1.08E-01 -T2
1515 1512 2,3 Dimethy-B{4methylpentyl] naph Coesle(COCCC)C)ee0cles2l 12 Naphthalene ] 2 240.388 364 416 1.37E-02 1674
1516 1513 2-[4.8.14,18-Tetramethylnonadecyl] C[CICCCC[CICCCC(CICCCC[CICCCCCCe oo oo enly 33 Maphthalene 13 2 460,730 466455 1.41E-10 -0.726
1817 1514 n-phenyleycloherans cfceecl|[el)C[CCCC2)CE 12 Fental ] 1 160258 2a2EI0 B.ERE-O0 1128
1518 1515 cyclopropylbenzens cloeeeclT2CCE q Maphthenic M 12 z naivs 1BE112 2.2BE+02 -2EY
1519 1516 z-methyloctyl-heradecahydropicer clZece3e(e2 COCECICCC[CCC)ICCCCCCICRCCC4CI0 kil Taphthenic M 2 2 420,720 433,324 E.EZE-0% -3.145
R0
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Figure 7. CONCAWE 1457 Sheet



A e [ c [ o | e | F [ & | H | v |4 k [ v M | w [ o | Fr [ o |
1
| 2 |Description of Parameters in Model
3
| 4 |Cw Sum of library structure’s aqueous concentration inmg per licer of water
| 5 |Ca Sum of library structure's concentration in mg per liter of headspace
| E [Cn Sum of library structure's concentration in mg per liter of free product
| T |ACR Acute-to-Chronic Ratio: Default value is 4.47 but there is 3 user-defined options inthe 'CTLEE' tab
| & |CTLEE Critical Target Lipid Body Burden in units of micromoles { kilogram octanol - representative of togicitg endpoint of the challenge organisms
|3 |Product Loading Mas=s of product per liker af water in units of mgfL water
| 10 |Effect Data Martality, zurvival or ather types of effect data in ¥ of control
| 1| CellDensity Particulate arganic carbon concentration from microbial cell grawth in units of mg carbon per L exposure water
| 12 |Lipid concentration Lipid concentration in ekposure chamber caleulated from organism loading (gil water] and lipid fraction (flipid] inunits of mg lipid per L etposune water
13 | Tu Towic: Unitz, by definition a TU = 1is the aquecus concentration of a challenge hydrocarbon bothe LLS0: T = Cw{ LLS0
| 14 | Chemical Clazs Correction [CC) | Adjustment Factor applied to certain chemical clazses that exhibit greater than bazeline narcozis tozicity
| 15 | Degres of Resolution Mumber of chemical classes for azsignment purpases: High rezolutions has all 16 clazzes, Low resolution has o general groups: Aliphatic and Aromatic without alefinic and S-bearing structures
| 16 |LLSD Median Lethal Loading (mafl water)
17 | TLM Target Lipid Model - calibrated with physicalichemical properties from SPARC
| 18 |PMEC Predicted Mo EFfect Concentrations ¢aleulated with HCS equation described in 'CTLEE' tab
| 19 |BF Eailing Point in degrees Celeius
| 20 |n-F Linear alk.anes: n-Faratfins
21 |i-P Eranched alkanes: iso-Faratfins
| 22 |n-CCH Farent and Substituted eyclo-pentanes
| 23 |n-CCE Farent and Substituted cyclo-heranes
| 24 |i-M Other naphthenic structures
| 25 | OiM Di-naphthenic structures
| 2B | n-Oletin Linear olefinic stroctures
| 27 | i-Olefin Branched olefinic structures
| 28 |Polyd Faly Maphthenics [cyclic alkanes]including Tri-, Tetra-, Fenta- and Hera-naphthenics
| 29 Al Sulfur-be aring aliphatic compounds
| 30 |Mods Farent and Substituted Mono-Aromatics
| 31 [MMA Maphthenic Mono-Aromatic structures
| 32 |Difr Oi-Aromatic structures including parent and substituked biphenyl and naphthalene structures
| 33 |NDiAr Maphthenic Di-Aromatic structures
| 34 |Palyar Poly-Aromatic compounds includes: Tri-, k-, Tetra-, Meetra-, Penta- and Heta-aromatic structures
| 35 | ArS Sulfur-bee aring aromatic compounds
| 36 | Yair Wolume of headspace in erposure chamber
| 3T | Wwater Wolume of water in exposure chamber
| 38 | Wsystem Total system volume caleulated as sum of Yair and Vwater
34 |BPinterval Boiling Point range in degrees Celzius for any given hdyrocarbon block: Defined by Starting arE Endlna Ei'I iling Paint entries
| 40 | Hydrocarbon block There can be up to 50 individual hydrocarbon blocks defined by boiling point intereal and mass distribution by chemical classes
41 | Target species zelection meny | Orop-down menu to select CTLEE for any speciestendpaint in the Target Lipid Model databaze
Etimdiluitinr P artiticmimn ok dizsaluad netealaum budeae srthans boonarticnlaba seaznic e arthoroae ingd Hesie fram araznizm in avresniea aakar
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Figure 8. Parameters Sheet



B. Species Selection

Ve
| Dropdown Menu C. Bioavailability
[ = Correction Options NV ET X
@ File Edit Mew Insert Format Tools  Data  Wigdow Help p ) F CaICUIatlon forhelp » o 8 X
N EH RS S A B9 e s - s 7 -@iinrial -10 «| B 7 Buttons [ r Sr - AL E
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1 Product Mlame: Gas Oil A i 1] :Total Numbgr of Loadings 2
2 Date: H16/2009
3 FROTECTION COMCAWE Target Species Selegtion Menu Product Effect FC or
4 |D i E] Loadin Data ipid
5 | Test Conditions: P magna INTERCEPT mgiL water]] (%]
[ alurme of Water [L): 10 SPECIES [pmal f g octanol) 1
7 L] Daphnia magna 2
2 Total System Yolurme [L): Bioauailahil‘g Calcula_te End 2
Mode Point p
A. Exposure L1} lNDhioauailabilitgconection. B
0nO 7
Conditions 5 /
a
] ju]
LE | g 7 Calculate Dose
7 Set Input Rezolution L] {:Total Mumber of Hydrocarbon Blocks Total Weight Percent: Fizenmnos
]
Starting Ending
Hydrocarbon Carbon Carbon
19 Block Number Number n-P i-P n-CCH n-CCE i-N Di-N_ n-Olefin: lefins  Poly-N AlS MohAr NMAr DiAr NDiAr 1
20 [weight 2] | [weight ]  [weight >i] | [weight 2] [weight 2]  [weight %] [weigp#| | [weight %] [weight =]  [weight ]  [weight %] [weight *i]  [weight *0] | [weight ] [+
21 1
2] 2 E. Data Input
2 D. Set Input Fields
26 1
5 Resolution
28
29 9
30 m
| 1
32 1z
32 12
34 14
35 15
36 &
iy 17
38 12
39 13 "
An 20 L 16
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Figure 9. Command Button Labels



A E T C I D I E | F | & [ H ] I J ] K L m [ WM | o [ rp | @ R [ —

L1 Product Mame:| Gas 0il A 0 :Total Number of Loadings 2
| 2 | Date: 441642009
| 3 | FPROTECTION COMNCAWE Target Species Selection Menu Froduct Effect POC or
L 4 | | | E] Lioading Dlata Lipid
| 5 | Test Conditions: Haphnia magna INTERCEPT mgfl water]. %)
| E | Walume of ‘water [L] [n) SPECIES [pmol f g octanol] 1 2
. 5 15 Daphnia magna | .I
% Total System Walume [L): 1.0 Bioavailability Calculaite End i
T . Mode Pc:unt 5
L 0 Mo bicavailability carrection, B
EN 7
1 8

14 |
K Select Resolution 0
| 18 : : Calculate Dose
| T | Set Input Resolution 26 Total Number of Hydrocarbon Blocks (" High - 16 chemical classes: 39.56 Response

12

Srarting Ending (" Low - 2 General Classes
Hydrocarbon Carbon Carbon

13 Block Number Number n-F i-P n-0 rDlefins i-Olefins . Poly-N AlS MoAr NMAr OiAr NDiAr |
| 20 | [weight 3] | [weight 2] | [wei Apply ‘ gight 3] | [weight 2] | [weight 3] | [weight 3] | [weight 2] | [weight %] | [weight 2] [weight =] [y
| 21 | 1 5.00 E.00 0008 0.001 0. 0.000 0000 0008 0.000 0.000 0.000 0.000 0.000
| 22 | 2 £.00 T.00 0023 0.021 0025 [k [I] [0 0.000 0000 0003 0.000 0.008 0.000 0.000 0.0o0
| 23 | 3 7.00 £.00 0170 0128 0.035 0.256 0.064 0.000 0.000 0000 0008 0.000 0.159 0.000 0.000 0.000
| 24 | 4 2.00 4.00 0.762 0533 0.254 0391 0.770 0.063 0.000 0000 0008 0.000 1326 0.000 0.000 0.000
| 25 | ] 2.00 10.00 ZE2T 1|z 0.218 0.493 2.245 0.536 0.000 0000 0003 0.000 3467 0.ove 0.000 0.0o0
| 25 | ] 10.00 L] 4034 4.865 0.324 0.455 2417 1783 0.000 0000 0008 0.000 3.367 0.457 0ez 0.000
| 27 | 7 .00 12.00 3466 5082 0223 033 4022 2.286 0.000 0000 0008 0.000 2.267 0.946 0515 0.000
| 28 | ] 12.00 12.00 2123 4112 0.E7 0.250 2524 14953 0.000 0000 0003 0.000 1404 0875 0.556 o.ooz
| 29 | ] 13.00 14.00 2465 3785 0126 LAY 2.937 1906 0.000 0000 0008 0.000 0.ga2 0691 0213 0.0z
| 30| 10 14.00 15.00 1475 2870 0.055 0.096 1245 0.9a7 0.000 0000 0008 0.000 0441 0.283 0.073 0.0a7
i 1 15.00 16.00 0B 1702 0.0z2 0o 0.928 0312 0.000 0000 0003 0.000 0176 0.090 0.Me o.0o4
| 32 | 12 16.00 17.00 0.1az 0626 0.006 L] 0.33% 0.0a4 0.000 0000 0008 0.000 0.052 0.023 0.004 0.001
| 33 | 13 17.00 12.00 0056 0187 0.002 0.002 0114 0.024 0.000 0000 0008 0.000 0014 0.006 0,00 0.000
| 34 | 14 12.00 13.00 0.0 0.03z 0.0 000 0.034 o.oovy 0.000 0000 0003 0.000 0.004 0.00z 0.000 0.0o0
| 35 | 15 12.00 20.00 0005 0.058 0.000 0.000 oo 0.00z 0.000 0000 0008 0.000 0.002 0.000 0.000 0.000
| 36 | 18 20.00 21.00 000z 0.016 0.000 0.000 0.00% 0.000 0.000 0000 0008 0.000 000 0.000 0.000 0.000

a7 17 .00 2200 000z 0.004 0.000 0.000 0,00 0.0o0 0.000 0000 0003 0.000 0.0 0.000 0.000 0.0o0
| 38 12 Z2.00 23.00 0.001 0.00z 0.000 0.000 0.000 0.000 0.000 0000 0008 0.000 0.000 0.000 0.000 0.000

2 13 23.00 24.00 0000 0.001 0.000 0.000 0.000 0.000 0.000 0000 0008 0.000 0.000 0.000 0.000 0.000
an | @0 24 1N LA FLON fLnn Lnn nnn fLnnn nnn fnnn L s nann fnn nnnn fnnn i nnn i
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Figure 10. Resolution Selection Form



A B [ [= | [a] [ F [ & [ H ] | J ] K] L M [ WM [ O F [r] R [~

L1 Froduct Mame: Gas Oil A 1] :Total Number of Loadings i
2 | Date: 41612009
3| FROTECTION COMCAWE Target Species Selection Menu Product Effect FOC or
4 | ] E] Loading Dlata Lipid
| 5 | Test Canditions: Daphniz magna INTERCEPT mgil water]] (%)
| B | Wolume of wWater [L): 10 SPECIES [wmol { g octanol] 1 2
|7 15 Diaphnia magna 2
% Total System Wolume [L]: Bioavailability | Calcula_te End i
T | Mode Pc.nnt 5
KN o | Bioavailability 8
2 | 7

13 . Do . 2
| ¢~ No BIDaVEI|§bI|It'}.-’ carrection - 4
e Proceed as is n
| 16 | | | Enter POC data
% Set Input Resolution 26 {:Total Number of Hydrocarbon E L - Typically For algal exposures | 1l Ca:::::::,z:“

Starting Ending o~ Default: 2.0 mgjL POC
Hydrocarbon Carbon Carbon i - Comman value in algal exposures i ) . i

N Block HNumb HNumb n-P i-P 5 i-Olefins . Poly-N AlS ModAr NMAr DiAr MNDiAr 1
|20 | [weight 3] | [weight Enter lipid concentration [weight ¥ | [weight 2] | [weight %] | [weight 2] | [weight 3] | [weight 3] | [weight 3] | [
| 21 | 1 5.00 E.00 0.002 0.0 ~typically For Fish or daphind exposures 0.000 0.00:3 0.000 0.000 0.000 0.o00 0.000
| 22 | 2 E.00 T.00 0.0z8 0.0 0.000 0.00:3 0.000 0.002 0.000 0.o00 0.000
23 | 3 .00 .00 oivn 0128 0.000 0003 0.000 0159 n.a0ao n.ooo 0.000
| 24 | 4 .00 A.00 0762 0533 Apply 0.000 0.008 0.000 1326 0000 0.000 0,000
| 25 | 7] 8.00 10.00 2E27 2182 0.000 0.00:3 0.000 2467 0.0we 0.o00 0.000
| 2B | E 10.00 1.00 4.094 4865 0324 0.455 3917 1789 n.oog 0000 0.0 0.o0n $IET 0457 nig2 0000
27 | T 1.00 12.00 JHEE ROg2 0228 0313 4.022 2286 0.a0o 0.000 0003 0.000 2257 0946 0515 0.000
| 28 | b 12.00 12.00 21248 4112 06T 0.250 2524 1352 0.000 0.000 0.00:3 0.000 1404 0.478 0556 0002
| 29 | el 12.00 14.00 2465 3786 0.12g AT 2.937 1308 0.000 0.000 0.00:3 0.000 0.2a2 063 0213 0.012
| 30| 0 14.00 15.00 1475 2870 0.055 0.0496 1845 0.9a7 n.oog 0000 0.0 0.o0n 0.441 023 0073 o.oov
i 1 15.00 16.00 0LE1S 1702 0.0zz 0o 0924 032 0.000 0.000 0003 0.000 017E 0.040 0.016 0004
| 32 | 12 16.00 17.00 0132 0626 0,008 i} 0.332 004 0.000 0.000 0.00:3 0.000 0.052 0023 0.004 0.001
| 33 | 12 17.00 12.00 0.058 01a7 0002 0.002 0114 n0z4 0.000 0.000 0.00:3 0.000 0.4 0.008 0.0m 0.000
| 34 | 14 18.00 19.00 0016 .09z 0.001 n.oom 0.034 0.ooy 0.a0o 0.000 0003 0.000 0.004 n.ooz n.ooo 0.000
| 35 | 15 13.00 20,00 0.008 0.058 0.000 0.000 0.oa ooz 0.000 0.000 0.00:3 0.000 0.002 0.000 0.000 0.000
| 36 | 16 20,00 21.00 0002 0.01e 0.000 0.000 0.003 0000 0.000 0.000 0.00:3 0.000 0.0m 0.000 0.o00 0.000
| 37 | 17 21.00 22.00 ooz 0004 0000 0.000 0.0 n.oog n.oog 0000 0.0 0.o0n 0.0 n.oog n.ooo 0000
| 35 | 18 22.00 23.00 0. 0.0z 0,000 0.000 0.000 0000 0.000 0.000 0003 0.000 0.000 0000 0.000 0,000

24 13 2300 24.00 0.000 0.0 0.000 0.000 0.000 0000 0.000 0.000 0.00:3 0.000 0.000 0.000 0.o00 0.000

dn N 24 0n 2R ON nann nnni 00N nann nann nnnn nann AN nonns nonn nani nann 0 nnn 1 nnn bl
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Figure 11. Bioavailability Correction Options Form
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L1 Product Mame:| Gas Oil A L1} :Total Number of Loading= 2
| 2 | Diate:| 4M612009
| 3 | FPROTECTION COMCAWE Target Species Selection Menu Product Effect FOC ar
| 4 | Danhia maana E] Loading | Dlata Lipid
| 5 | Test Conditions: F N INTERCEPT mgll waterl  [%]
| B | Walume of Water [L]: 10 SPECIES [mol f g actanal] 1 2
T 13 Daphnia magna 2
% Total System Wolume [L]: Bicavailability Calcula_le End :
T . Mode Pc.unl 5
L1 L1} Mo biceawailability correction. B
12 7
N 8
L 3
5| EndPoint Mode C
—— : Calculate Dose

17 i 26 i :Total Humber of Hydrocarbon Blocks 99.56
T Set Input Resolution i L] = Actite - LS Response

Starting Ending .
Hydrocarbon Carbon Carbon " Chronic Effects

19 | Block Number Number n-F i-P n-C( n-Olefins i-Olefins  Foly-N AlS MoAr NMAr DiAr NOiAr |
| 20 | [weight %¢] | [weight 2] | [weigh [weight 2] | [weight 3] | [weight 2] | [weight %] | [weight 2] | [weight 3] | [weight 3] | [weight =] | [y
| 2| 1 500 £.00 0.003 0.001 0.0 0.000 0.000 0.003 0.000 0.000 0000 0000 0.000
| 22 | 2 B0 7.00 0.0z4 0.021 0.025 0035 0,000 0.000 0.000 0.000 0.00% 0.0o0 0.0 0000 0,000 0.000
| 23 | 3 T.00 2.00 LA ] 0123 0.035 0.256 0064 0.000 0.000 0.000 0.003 0.000 0.153 0000 0000 0.000
| 24 | 4 200 4.00 0.762 08593 0.254 0.391 0770 0.063 0.000 0.000 0.003 0.000 1325 0000 0000 0.000
| 25 | 5 2,00 10.00 2827 218z 0.218 0433 2.245 0526 0.000 0.000 0.00% 0.0o0 3467 007s 0,000 0.000
| 26 | & 10.00 .00 4.094 4.865 0.324 0.455 2817 1784 0.000 0.000 0.003 0.000 3367 0457 0162 0.000
| 27 | 7 ] 12.00 3.966 f.082 0.228 0.313 4022 2.286 0.000 0.000 0.003 0.000 2.287 0346 0.515 0.000
| 28 | E 12.00 12.00 129 4112 0167 0.260 2524 1963 0.000 0.000 0.00% 0.0o0 1404 04375 0556 n.ooz
| 29 | g 12.00 14.00 2465 3786 0126 0167 2937 1,906 0.000 0.000 0.003 0.000 0.ggz 0691 0.21% 0.0z
| 30 ) 1] 14.00 16.00 1475 2870 0.055 0096 1845 0957 0.000 0.000 0.003 0.000 0.441 0.283 0073 0.007
i 1 15.00 16.00 0618 1702 n.0zz 0.0 04923 0.312 0.000 0.000 0.00% 0.0o0 0176 0,040 0.0 0.004
| 32 | 2 16.00 17.00 oigz 0.626 0.006 0.010 0,338 0.024 0.000 0.000 0.003 0.000 0.052 0023 0004 0.00
| 33 13 17.00 12.00 0.056 0187 0002 000z 0114 0024 0.000 0.000 0.003 0.000 0.014 0006 0.001 0.000
| 34 | 14 12.00 13.00 0.Me 0.0az 0.001 0.oom 0034 0.007 0.000 0.000 0.00% 0.0o0 0004 ooz 0,000 0.000
| 35 15 13.00 20.00 0.00% 0.05% 0.000 0000 0.010 0.00z 0.000 0.000 0.003 0.000 0.0z 0000 0000 0.000
| 36 | 18 20.00 21.00 0.002 0016 0.000 0000 0003 0.000 0.000 0.000 0.003 0.000 0.001 0000 0000 0.000

T 17 z1.00 zZz.on 0.ooz o.0o4 0.000 0000 0.0m 0.000 0.000 0.000 0.00% 0.0o0 0.001 0000 0,000 0.000
| 38 ] Z2.00 23.00 0,00 0.00z 0.000 0000 0000 0.000 0.000 0.000 0.003 0.000 0.000 0000 0000 0.000

34 ] 23.00 24.00 0.000 0.001 0.000 0000 0000 0.000 0.000 0.000 0.003 0.000 0.000 0000 0000 0.000
[ an | w0 74 0N LA rLnnn . fnnn it ML nann fnnn 1,nmn s nnn nn TN | nnnn i
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Figure 12. Acute or Chronic Mode Selection Form
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1 Froduct Mame: Gas Oil A 1} -Total Number of Loadings [

2 Diate: 41612009

3 FPROTECTIOMN COMCAWE 1 ction Menu Product Effect POC ar

4 B ' M ass Scal I ng Loading Dlata Lipid

b | Test Conditions: Options INTERCEFT mgil water]: [*]

] Walume of Water [L [pmiol ! g octanacl) 1 4
] i S— 2

g Total System YWolume [L): 10 Bicavailability Calculate End i
= Faoint

0 - Mode 5 5

1 Mass Imbalance s Mo bioavailability correction. E

12 T

12 2
= ~ . A. Mass Imbalance .

15 H cale to 100 ot g 0
3 : Warning

17 Set Input Resoluti 2 llocks Calculate Dose

et Inpul esolubtion g - . Besponse
13 i Add to nan-toxic Microsoft Excel W b
Stal n-Paraffin
Hydrocarbon Car q .
Surn of Mass Frackiong is: 93,56 %

13 Block Mun ~ i i n-0 ® |Mefins i-Olefins Poly-N AlS MoAr NMAr DiAr NDiAr 1

20 Exit program to fix inputs 5 jwei ight 32] | [weight 2] | [weight 2] | [weight 3¢ | [weight %] | [weight %] | [weight ) | [weight 521 | [+

il 1 5. il 000 0.000 0oz 0.000 0000 0.000 0000 0.000

22 2 E. .'5||:I|:I|".l' 0. pilili] 0.000 0008 0.000 0o0g 0.000 0000 0.000

23 ke S 0. - Bk - 000 0.000 0oz 0.000 0.159 0.000 0000 0.000

24 4 .00 .00 0,752 0533 0.254 02451 0.770 0063 0.000 0.000 0008 0.000 1328 0.000 0000 0.000

25 L3 a.00 10,00 2827 2182 0213 0433 2.245 0536 0.000 0.000 0008 0.000 F4ET 0.07s 0000 0.000

2E E 10.00 1.00 4094 4 8E5 0.324 1455 2817 1783 0.000 0.000 0oz 0.000 TIET 0457 0162 0.000

27 T 1.00 1200 ok -1 032 0.2z2% 0213 {02z 2286 0.000 0.000 0008 0.000 287 0.946 0515 0.000

8 2 12.00 12.00 2128 4z 0E7 0,250 1524 1453 0.000 0.000 0oz 0.000 1.404 0.975 0566 0.002

3 1 12.00 “.on 24ER 1786 012e 0.1E7 2937 1908 0.000 0.000 0oz 0.000 nasz ] 0.212 nmz

a0 10 14.00 15.00 1475 ZET0 0.055 0036 1245 057 0.000 0.000 0008 0.000 0.441 0233 0073 0.007

il 1l 15.00 1600 i3] 1702 n.0zz 0.03 n.a2s oz 0.000 0.000 0oz 0.000 0178 0.030 0.015 0.004

32 12 16.00 17.00 01g2 0LESE 0.006 0.010 0.338 0034 0.000 0.000 0008 0.000 gz 0023 0004 i) |

jex] 13 17.00 1200 0.056 0ig7 0.002 0002 0114 noz4 0.000 0.000 0008 0.000 0.014 0,006 0.0 0.000

k1] " 12.00 19.00 i n0az nom 0.00 0034 0007 0.000 0.000 0oz 0.000 0004 0.002 0000 0.000

35 15 19.00 20,00 0.005 0053 0.000 0000 0o 000z 0.000 0.000 0008 0.000 ooz 0.000 0000 0.000

36 & 2000 .00 0.002 0.015 0.000 0000 000z 0000 0.000 0.000 0oz 0.000 0.0Mm 0.000 0000 0.000

7 7 .00 2200 0.002 0004 0.000 0000 nom 0000 0.000 0.000 0oz 0.000 0.0Mm 0.000 0000 0.000

o] 12 2200 2300 0o 0002 0.000 0000 0.000 0000 0.000 0.000 0008 0.000 0o0o 0.000 0000 0.000

13 1 2300 400 0.000 0.00 0.000 0000 0.000 0000 0.000 0.000 0oz 0.000 0000 0.000 0000 0.000
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Figure 13. Mass Scaling Options



