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SECTION 1 

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 (TLM) 

(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 (Kow) 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 (KMW) rather than KOW 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(KOW) > 6.0). 
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SECTION 2 

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, iso-paraffins, n-

substituted cylcohexanes, n-substituted cylcopentanes, other mono-naphthenics, di-naphthenics, 

poly-naphthenics, n-olefins, iso-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 iso-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 iso-paraffin 

class that fall within the defined CNo interval.  In this case there are eight iso-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 
oC 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 reassignment 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 n-Paraffin class is reassigned to 

the available block to the right (unassigned n-Paraffin mass added to iso-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 i in the system is 

 

 iAiWiGiT mmmm ,,,,   (1) 

 

where mT,i is total mass of component i in the system and mG,i, mW,i, and mA,i refer to the mass of 

component i in the product, water, and air phases, respectively.  The mass balance can be expressed 

in terms of volume and concentration of component i   

 

 T,i G G,i W W,i A A,im V C V C V C    (2) 

 
where  
 
CG,i = petroleum product phase concentration of i, mol/LG 
CW,i = water phase concentration of i, mol/LW 

CA,i = air phase concentration of i, mol/LA 
VG  = volume of petroleum product, LG 

VW  = volume of water, LW 

VA  = volume of air, LA 
 

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 (CW,i) is described by 

Raoult’s Law 

 

 iiiW SxC ,  (3) 
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where xi is the mole fraction of component i in the product phase and Si is the aqueous solubility of 

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

 

 iiiD AxC ,  (4) 

 

where xi is the mole fraction of component i in the product phase and Ai is the aqueous activity (e.g., 

monomer solubility) of component i. For many compounds with log(KOW) 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(KOW) 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 

 

 iDiAi CCH ,, /  (5) 

 

where Hi is the unitless Henry’s Law constant for component i.   

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

mol/L basis is via the petroleum product density, G (mol/L) 

 

 GiiG xC ,  (6) 

 

Substituting equations 3, 4, 5, and 6 into equation 2 and solving for the mole fraction yields  
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There is one three additional equation needed to describe the system. The mole fractions of 

the components in the petroleum product sum to 1 

 

 1
i

ix  (8) 

 

There are a total of n + 1 equations and n + 1 unknowns (n xi, and the product of VGG). 

This system of equations is solved numerically as described below.  The inputs are the total mass 
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(mT,i,) the solubility (Si), Henry’s Law constant (Hi) and density (i) of each component i, as well as 

the volumes of air and water in the system (VA and VW).   

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 VGG (the mass of petroleum product) is obtained by assuming all 

the mass is in the product phase.   

 

 
i

iT,)( mV GG  (9) 

 

An iterative method is used to vary the VG 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(LC50) (lethal concentration to 50% of test organisms) and log(Kow) 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 (Kow) 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  

 
       

logLC50= -0.936 logKow + ∆c + logCl
* - logACR

 (10) 

 

where c  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 
*

LC  is the species-

specific critical target lipid body burdens (CTLBB) for narcosis effects (mol/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(Kow) 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 KTLW (target lipid-water partition ratio) is used in place of KOW as follows 
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 (11)

 

 

 

The overall result is that the maximum log(KTLW) is 6.0 even for structures with very high 

log(KOW) 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 KTLW 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 i in a mixture is 

computed as 

 

 
i

iW

i
LC

C
TU

50

,
  (12) 

 

where CW,i  is the aqueous freely dissolved concentration of the hydrocarbon block  (mmol/L) and 

LC50i 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 /model calculated LL50    (13)
 

 
Or alternatively for chronic effects (e.g., ACR = 3.83): 
 

 Chronic Toxic Units 1 Load i /model 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 (Koc) and the fraction of dissolved hydrocarbon are calculated following equilibrium 

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

 

    OC OWlog K 0.00028 0.983 log K    (15) 

 

  OCFraction dissolved 1/ 1 POC K    (16) 

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

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

 

  MWFraction 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 105 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 HC5 

equation as described in (McGrath et al., 2004).  The equation was modified to calculate the HC5 

with target lipid-water partition coefficients (KTLW) instead of KOW as described in equation 11.   

)}({log}
*

{log}
2

)log({

)}log({)}
*

{log()}log({)5log(

ACRV
L

CVTLWKmVZk

ACRE
L

CETLWKmEHC





 (18) 

 

m      = universal target lipid slope (-0.936) 

HC5  = hazardous concentration to 5% of test species, mmol/L 
*

LC    = mean critical target lipid body burden, moles/g octanol  

ACR = mean Acute to Chronic Ratio  

i
c

,
  = chemical class correction 

kZ      = 95% confidence extrapolation factor  

 

where the E{log ( *

LC  )} is the logarithmic value of the geometric mean of all  critical target lipid 

body burdens (moles / 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 ‘kZ’ is the 95% confidence sample size-

dependent extrapolation factor and has a value of 2.21.  The variance in the universal target lipid 

slope (V(m)) is 2.25E-4 and the variance in the *

LC  (V(log( *

LC ))) is 0.015.  The variance in the ACR 

(V(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 

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, is: 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 LL50 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 are 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’ worksheet.  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 LL50.   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 LL50 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(KOW) 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(Kow) 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 oC) and pressure.  There are several columns of property 

data: Molecular Weight, Boiling Point, Sub-Cooled Solubility, Activity, log(KOW), 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 various 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 

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 

properly. 

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 moles/g octanol.  Similarly, 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 

carbon (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 Q6.     

6. 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 n-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 n-Hentriacontane, a C31 n-paraffin 

(ID: 1021).  Although this structure has a particularly high log(Kow) of 17.78 and very low solubility 

of ~10-15 mg/L 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 

volume is never less than 10-10 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 J with units of mg/L water.  The 

PNEC values for the hydrocarbon blocks reported in column J 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 J) 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 (n- and iso-

paraffins) 

 Naphthenics – sum of toxic units from sub classes 3, 4, 5, 6, 9 (all cycloalkanes) 

 Mono-Aromatics – sum of toxic units from sub classes 11, and 12 (Mono- and 

Naphthenic Mono-Aromatics) 

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

Di-Aromatics) 

 Poly-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 
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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 LL50’ (or ‘Chart Loads’) that creates two charts for each 

product loading (LL50 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 

5 APPLICATIONS 

These spreadsheet models can be used to analyze dose response data, calculate LL50s, 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 

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; (ii) 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; (ii) 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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Figure 1.  Schematic of redistribution of unassigned mass 
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Figure 2.  Input Sheet Sheet 



 

 

 
 

Figure 3.  Output – LLL50 Sheet 



 

 

 
 

Figure 4.  Output – Loads Sheet 



 

 

 
 

Figure 5.  Charts Sheet 



 

 

 
 

Figure 6.  CTLBB Sheet 



 

 

 
 

Figure 7.  CONCAWE 1457 Sheet 



 

 

 
 

Figure 8.  Parameters Sheet 



 

 

 
Figure 9.  Command Button Labels 
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Figure 10.  Resolution Selection Form 

 



 

 

 
Figure 11.  Bioavailability Correction Options Form 



 

 

 
 

Figure 12.  Acute or Chronic Mode Selection Form 

 



 

 

 
 

Figure 13.  Mass Scaling Options 
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