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Aim of project

The software program should be able to estimate 
blood- and urine concentrations of various 
chemicals, given a certain exposure scenario

The program should be available as freeware with a 
open source code.
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The IndusChemFate program 

Ç IndusChemFateis a PBTK-model in MS-Excel applicable for 

worker and consumer exposure to multiple chemicals

Ç It is a model of the routing of chemicalsthroughthe human

body

Ç Absorption, distribution and excretiondrivenby general

rulesand QSARs

Ç Buildin Visual Basic. Runs in MS Excel 2003 or 2007

Ç Availableas freeware

3



The IndusChemFate 
model 
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Á11 organs
Á3 uptake routes
Á2 excretion routes

Based on Andersen and Clewell
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Program features 
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Ç The model contains 11 body compartments

Ç Human physiological parameters from reference documents 

Ç The model considers only the adult worker

Ç Two levels of activity may be set: rest and light activity

Ç Three absorption pathways are considered

Ç Opportunity to deal with 4 successive metabolites. 

Ç The blood/air partition coefficients and the tissue/blood partition 

coefficients are derived by means of QSARs 

Ç The biotransformation based on saturable metabolism with the 

kinetic constants (Vmax and Km)

Ç Enterohepatic circulation (of phase II metabolites) is adopted 

Ç The mass-balance and QSAR-estimated partition coefficients are 
presented the active worksheet 



Running the model

IndusChemFateis programmed as a macro in 
Visual Basic and runs in MS Excel. The Excel-
file has 4 sheets:  

ÇTutorial, 

ÇExposure Conditions+Calculation, 

ÇDatabase 

ÇGraphical Output
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Running the software

The four sheets of file IndusChemFate.xls

Tutorial 
ï Instructionsin short

Exposure conditions+ calculations
ïEntering initial settings of simulation
ïEntering exposure conditions
ï.ǳǘǘƻƴ ΨcalculateΩ for running
ï.ǳǘǘƻƴ ΨǎŀǾŜΩ for textfile with all numericalsimulationresultsafter

running

Database
ïContainsneccesaryphys-chem+ toxicokinetic data of various

chemicalsand its metabolites

GraphicalOutput
ïShows the blood, urine and exhaledair concentationsof chemicals

and metabolitesover time

7



Running the software 

Input of data

ÅInitial settings of simulation

ïIn sheet ́exposure conditions and calculation´

ÅExposure conditions 

ïLƴ ǎƘŜŜǘ ΨŜȄǇƻǎǳǊŜ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ŎŀƭŎǳƭŀǘƛƻƴΩ

ÅProperties of chemical under study

ïLƴ ǎƘŜŜǘ ΨŘŀǘŀōŀǎŜΩ
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Running the software 

Input parameters of initial settings of 
simulation
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Table 2. Selection of simulation characteristics in the PBTK-model IndusChemFate. 

Model Parameter 
Entry field 
B22 - B29 

Repeating exposure for 5 working days   (y/n) y 

Number of substances  (parent + metabolites) 3 

    

Observation settings   

Start of observation (time in hours) 0 

End of observation (time in hours) 24 

Number of steps per hour 1000 

Report times per hour 1 

 



Running the software 

Entering of exposure conditions
Table 5.  Exposure conditions for three routes in the generic PBTK-model IndusChemFate. 

Parameters Airborne Exposure Entry field in column B  

Concentration parent compound  (mg/m3) B2 

Start of airborne exposure  (hours) B3 

Duration of airborne exposure  (hours) B4 

Level of activity (1 = rest ,  2 = light activity) B5 

Respiratory protection factor   ( => 1) B6 

Dermal protection factor (air tight clothing   => 1) B7 

  
 Parameters Dermal exposure to parent compound 
 Skin deposition neat substance  mg/cm2/hour B10 

Start of skin exposure  (hours) B11 

Duration of skin exposure (hours) B12 

Log(Kow) of parent compound at skin pH 5.5 B13 

Skin temperature   (centigrade) B14 

Affected skin area   (cm2) B15 

  
 Parameters of oral absorption 
 Bolusdose to stomach of parent compound  (mg) B18 

Time of application ς start  (time in hours) B19 

Absorption rate into intestinal tissue  (1/hour) B20 
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Running the software 

Input of propertiesof chemicalin 
ǎƘŜŜǘ ΨŘŀǘŀōŀǎŜΩ

Table 4.  Required input parameters of the compound and/or metabolite(s) to run the generic PBTK-model 

IndusChemFate. 

Variable Entry field 

Parent Compound (name) Row 3 

CAS-nr Row 4 

Density (mg/cm3 or grams/litre) Row 5 

Molecular weight Row 6 

Vapour Pressure (Pa) Row 7 

Log(partcoeff-octanol/water)  at blood pH 7.4 Row 8 

Water solubility (mg/litre) Row 9 

Log(Henry-dimensionless) Row 10 

Log(partcoeff-octanol/air) Row 11 

Resorption tubuli (y/n/?) Row 12 

Enterohepatic removal (relative to liver venous blood) Row 13 

Vmax Liver (parent[total] µMol/kg/hr) Row 26 

Km Liver (parent[total] µMol/litre) Row 27 

Vmax Liver (parent[specif] µMol/kg/hr) Row 48 

Km Liver (parent[specif] µMol/litre) Row 49 
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Running the software 

Flexible programming of metabolism

Principle

ïLoss of parentcompound(by Vmax, total , Km, total)

ïFormationof metabolite(by Vmax,specific, Km, specific)

Thusbiotransformationof parentcompoundto less
than100% of mainmetabolitecanbeentered.
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Running the software 

Overviewof results/ output
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Running the software 

Exampleof simulation
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Figure 3-1A. Excretion of 1OHP in urine of a 
creosote impregnating worker (Jongeneelen et 
al, 1988) 
 

 

1-Hydroxypyrene in urine of operator of creosote impregnating plant 

exposed to PAH



Example

Metabolism pathways of pyrene
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4,5-dihydrodiolpyrene Mercapturicacid

1,6-dihydropyrene

or

1,8 dihydropyrene

1,6-dihydropyrene-glucuronide

or

1,8 dihydropyrene-glucuronide
UGT

glutathione

UDPGA

GTF

1-pyrenylsulphate
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Example

Input of 
propertiesof 
chemicaland 
metabolites



Example

Input of exposure conditionsof operator
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Parameters Airborne Exposure   

Concentration parent compound  (mg/m3) 0,003 

Duration of airborne exposure  (hours) 8 

Level of activity (1 = rest  ,  2 = light activity) 2 

    

Parameters Dermal exposure to parent compound   

Skin deposition neat substance  (mg/cm2/hour) 5,00E-06 

Duration of skin exposure (hours) 8 

Affected skin area   (cm2) 5000 

 

The average exposure level from other studies is taken



Example

Steps for running the program

ÅEntering of data
ïInitial settings of simulation
ÅIn sheet ́exposure conditions and calculation´

ïProperties of chemical under study
ÅtȅǊŜƴŜ ƛƴ ǎƘŜŜǘ ΨŘŀǘŀōŀǎŜΩ

ïExposure conditions 
ÅLƴ ǎƘŜŜǘ Ψexposure conditionsand calculationΩ

ÅRun by pushingōǳǘǘƻƴ ΨCalculateΩ

Č Numericaland graphicaloutput
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Example- Output in graphs
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ExampleςComparisonmeasuredwith
simulated
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Example

Question

ÅWhat is the reason of accumation of 1-OH-
pyrene ςgluc? 
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Example

Output , Massbalance
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Amount in body, excreted or lost Amount absorbed



Example

Effect of  
entero
hepatic

circulation
of phaseII 

metabolites
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