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IndusTox

IndusTox Consult ispofessional services consulting firm
with extensive expertise in occupational and environmente
health. Founded in 1992 and located on the Nijmegen
University campus in the Netherlands, the company and it
principal consubnts are prominent and respectdeaders in
their fields.

We offer the scientific knowledge and practical experience
its principals and consultants, along with its extensive
technical library and specialized resources, to assist client

define, characterize and address complex peofis in the

following areas:

Industrial Hygiene
Toxicology
Epidemiology
Risk Assessment
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IndusTox Consult
P.0.Box 31070

NL- 6503 CB Nijmegen
The Netherlands

phone: +3124-3528842
fax: +31-24-3540090
Emai: info@industox.nl

Internet: www.industox.nl

DISCLAIMER
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The softw are program  IndusChemFate is developed by
IndusTox Consult & Santoxar and provided as a freeware
program through the website of CEFIC - LRI

The program may be freely distributed, provided that no
charge is levied and that the disclaimer text is always

attac hed to it.

The program is an open source program. It is encouraged

to add improvements or additional modules to the program.
However, when this is done, it is not allowed to use the

name IndusChemFate any longer.

Mirroring, reproducing, re - transmitting, re - publishing
any part of the program IndusChemFate  without a proper
reference is strictly prohibited.

It is prohibited to use the program for commercial uses.

The program is provided as is without any guarantees or

warranty.

Although the developers have attempted to find and

correct any bugs in the software program IndusChemFate
the developer is not responsible for any damage or losses

of any kind caused by the use or misuse of the program or

part of the program.

The develop ers and provider of the program IndusChemFate

are not obligated to provide support, service,
corrections or upgrades.
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IndusChemFate isRhysiolgicdly Based Toxicokinetinodel (PBTH#nodel) to estimate
blood and urine concentration of multiple chemicals, given a certain exposure scettario.
has been developed as a softwaxeplicationin MSExcel.

PBTKmodel IndusChemFateersion 200 - User manual

Summary

Three uptake routes are consider@dhalation, dermal and/or oral) as well as two bt
exercise levelsThemodelholds the physiology of various humans, experimental rats and
mice.The layout of the model is in line with most PBR&dels.The model contains 11 body
compartments (Lung, Heart, Brain, Skin, Adipose, Muscles, Bone, Bone marrow, Stomach &
Intestines(lumped), Liver and Kidney).

The model holds the physiology of human subjects (adult spaltult female, childen) and
the experimental animalgrat and mouse)Standardized physiology parametafshumans
with normal weight and obesare used to dimasion organ and tissue volumes and blood
flows through these tissues. These parameters are scaledwelatithe total body weight.
Thelevelof exercisecan be sebn two levels of exercise (at rest and at light work).

The modekontainspublished andri-house developedlgoritmes QSPRs Quantitative
StructureProperty Relationships) famood:airpartitioning, tissue:bloodpartitioningand
renal excretion

Dermal uptake is estimated by the use ai@/eldermalphysiologically baseshodule that
consdersdermaldeposition rate and duration of depositioMoreover, evaporation during
skin contact is fully accounted for and related to the volatility of the substance.

MichaelisMenten saturable metabolism is incorporated in the model. Metabolism @n b
modeled in any ol1body compartment®r in liver only Tubular resorptions considered
optionally either based on user input or based on a BnilQSPR, dependent on the
octanol:water partition coefficientEnterohepatic circulation is optional ataerdefined
rate.

The modelndusChemFate is programmed in Visual Basic and runs inddiSTEhe data
input proceeds via input inio worksheetof the Excefile. Output is presented as numerical
listing in time and in graphs and is presented in tame Excefile. Theprogram isprovided
as freewargfrom CEFKCRiwebsite) and has apen source code.

References to tis PBTKmodel IndusChemFatare published in the scientific literature.
Outcomes are aimed to have an accuracy within an order ofmtade. The models

regarded asfirst tiertool or screening toalThe initialversion 16 was published in égust
2010.The extended versionof the modelis now published and available as IndusChemFate
version 2.00.
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Computational toxicologgor in-silicotoxicology)is an emerging field between toxicology,
chemistry, biostatistics and computer ecces. It may enhance the capacity to estimate risks
of chemicalsaxssociated with exposure. PBPK modeling is one of the applications of this
discipline.
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1 Introduction

Rise ofPBPK modeling

PhysiologicallfBasedPharmacd<inetic orToxicdinetic (PBPKor PBTK in this document

the term PBTK is used) moddsscribethe body as a composition of relevant compartments
andphysiological processdyy means of mathematical equatislPBTK models were
developed for the simulation of absorption, distribution, metabolism and excretion (ADME)
of xenobioticsThe essential concepts were outlined roughly 70 years ago in a farsighted
paper[1] that presented many of the mathematical relationships required to simulate blood
flow and tissue distribution. Simulation modadimdeas were further developed to explain

the effect of anestheticf], and early attempts to apply the approach to drugs were
published in the 1960f8]. Probably the most important contributions in that period were
made by Bischoff and DedripK, who demonstrated that PBPK models could be used for
the a priori prediction of the pharmacokinetics of thiopental. During the following decades,
developments were made by academics sucRawland[5], Sugiyam#6] and Amidon7],

as well as scientists working in the environmental heékld, in particular Anderson and
Clewell[8, 9].

Principle of PBPK models

PBPK models generally contain various body compartmémtgs liver, rapidly perfused
tissuesslowly perfused tissues arfat. Dependhg on the route of administration,
metabolism and excretion of a compound compartments may be added or lumped. As PBPK
models take in account human physiolpgiysiological parameteras compartment
volumes andloodflowsare needed to describe theonentration n different

compartments Distribution is furthermore described by partitioning coefficients thantrol
medium to medium transfer (for instance air to blood or blood to tissue).

Most PBPK modgbre substance specific and built for very spegiurposes, for example
the estimation of disposition of a certain drug prior to in vivo studifeslO]or cancer risk
assessment for a specific industrial chemj@all1,12]. The toxicokinetics ohdustrial
chemicals are generally less extensively studied compared tocmedi For many medicines
drugspecific PBPK models are (commercially) avai[dBle Compound osubstance
specificmodels may zoom in on different compartments (depending oncititecal endpoint)
by alteration ofthe model layout @®mpartmentsmay be added or removed as well as
circulationsbetween compartmentsAsthese models maget into great detail on multiple
metabolitesthey typically require very detailed information that is obtained from
experimental work. As a result this type of PBPK models is-tadole to thecompoundof
interest.
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Generic PBTK models

The disadvantage afompound specifieBPK models is their need fmmpound specific

input data and a relatively narrow application domain. From these perspectives several
initiatives were developed tdevelopPBPK modslthat can be used for multiple

compounds In the environmental and occupationask assessment methodologaBPK
Y2RStAy3 61a AYINRBRdAdZOSR® Ly (GKA& O2yGSEG (GKS
ToxicoKinetic) modeling is often usaedeaning that these models can be applied to mugtip
compoundg14-17].

Several generic PBTK models for multiple compounds have been developed. Cahill, Mackay
et al[18] published a generic PBPKodel for multiple environmental contaminaniis an

easy accessible software program in MS EXide model relies on available physical
chemical partitioning and reactivity data, but experimental partitioning and absorption
efficiency data caralsobe used to refine the parameters. Tissue concentrations for each of
the chemicals and metabolites are simulated for acute, occupational and environmental
exposure regimes. The same mod®ly beused for all chemicals and exposure regimgth
only the physicathemical properties, reaction rates, and exposcoaditionsbeing

variables Luecke et al[19] reported on a generalized PBPK model (called PostNatal) that
could be used by suypng appropriate pharmacokinetic parameter estimates for the
chemicals of interest. The Windowased program consists of four PBPK models in one with
each PBPK model acting independently or totally integrated with the others through
metabolism by first cder or MichaeligMenten kinetics. Dosing may occur by ingestion,
dermal, inhalation, or more. Elimination can be modeled through the feces, urine, and/or
hair.

Beliveau and Krishnd0] developed a PBPK spreadsheet program in MS Excel for the
inhalation of volatile oganic compound (VOC). It is driven by a Q&RRntitative Structure
Property Relationshipghat theyderived from experimental rat data, based on structural
fragments[21]. USEPA also developed a very dé&digeneric PBPK model, the-called
Exposure Related Dose Estimating Model (ERDEM), focusing on risk assessment for
environmental agentf22]. It albws the user to input data up to a very high level of detail.
Disadvantage of the model is that detailed compousgscific data are neede@ther
generalized PBPK models that were published are among others PKQuest bj2Bpvitt
(based on experimental data, bridging the gap between animal experiments and human
values), PKSim by Willmg#] (focusing merely on drugs) and a generic PBPK model by
Brightman[25] (predicting plasma concentrations based on extrapolation of animal data).

Table 1Overview of generi®eBPK models

Model Name

No name [18]
PostNatal [19]
No name [20]
ERDEM [22]
PKQuest [23, 2628]
PKSim [24]
No name [25, 29]
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A drawback osomegereric models is that they are not built in easily accessible software
although Cabhill et al and Belive&uKrishnarpresenttheir modelsin MS Excellhe
applicabilityof QSPRs (Quantitative StructdPeoperty Relationshipsh the modelis an
advantage especially fogeneric moded.

Genericmodek are screening (ofirst tier) toolsfor the evaluation of chemical risk
assessment as supports the assessment of internal exposuspecially when little is
known of the toxicokinetics of a compound

Why another new generic PBTK model?

In silico tools for internal and external exposure modeling receive increasing attention in the
chemical industry, driven by the need to limit the use of experimental animals and by the
demand for data in the context of thaiEbpean REACH legislation for chemicals. The latter
regulation require to derive so called DNELs (Derived No Effect hevsi)it valuedor the
protection of health of workers and for the general populatidine DNELSs are specified for

the route of entwy, by inhalation, ingestion or direct skin contact. The DNELs are mostly
obtained from NOAELs (No Observed Adverse Effect Levels) in experimental animal studies
after applying assessment factors. Unfortunately, the available experimental animal studies
often deal with only one route of entry, so the NOAELSs via other routes of entry have to be
estimated by applying fixed regulatory adjustment factors. These adjustment factors tend to
be conservative AgenericPBTK modedan be used to improve rout-route extrapolation

of DNELs.

Furthermore it can help tamprove (bio)monitoring strategies by thestimationof an

internal dosemetric piological equivalent guidance valoe BEGVbased on external

exposure limitsAlso sampling could be optimized, fostance by defining an appropriate
sampling medium andampling time

Theaimwas to develop #first tier) screening toofor datapoor substancethat should be

able to estimate bloodand urine concentrationsf various chemicaland its metabolites

given a certain exposure scenarithe resultingnodel iscalled IndusChemFaté is a
generic,crosschemicalpredictive PBTK Modéhat is availableas freeware with a open

source codeThe scientific backgroundnd rationale, together witlexamples osimulations

of experiments with dosimetry and body fluid concentratimis/arious compoundare

published inwo papergqtable 2):

Table2. Scientificreferences of the PBTKnodel IndusChemFate.

Reference of aper

1 Frans J. Jongeneelen; Wil Fn Berge A Generic, CrosShemical Predictive PBTK Model with
Multiple Entry Routes Running as Application in MS Excel; Design of the Model and Compatris
Predictions with Experimental Resultsnnals of Occupational Hygiene 2011 55:-864.

Including two supplements to this paper.

2 Frans J. Jongeneelen; Wil F. Ten BeRBimulationof urinary excretion of ‘hydroxypyrene in
various scenarios of exposure to PAH with a generic, -@ossical predictive PBTidodel.
International Archives of Occupatial and Environmental Health 20{first on line, November
2011)
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2 ThePBTK model IndusChemFate

2.1 Programfeatures and limitations

The PBTHhodelIndusChemFat00is availableas a software tool in M&xcel to estimate
blood and urine concentration of migle chemicals, given a certain exposure scenario.
Three uptake routes are consider@dhalation, dermal and/or oral) as well as two bt
exercise levelsThe modekccounts fowvarious humarsubjects(a referencemalehuman, a
female and a childhormal or obese) or experimental animals (rat or mou3ége layout of
the model isshown in figure 1.

Parent compound

Cyclus of 1st metabolite
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. |
O, T
v L Demis [T |, e
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' Excretion of Excretion of
parent compound 1" metabolite
n wine n wine

Figure 1. Thechemeof the PBP#nodel IndusChemFate

The model contains 11 body compartments (Lung, Heart, Brain, Skin, Adipose, Muscles,
Bone, Bne marrow, Stomach & Intestines (lumped), Liver and Kidney). All physiological
parameters such as blood flows, tissue dimensions, cardiac output and alveolar ventilation
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are adopted from reference documentsuch as the EU Technical Guidance Documents and
EU REACH documentatif39-32]. The impact of exercise on cardiac output and alveolar
ventilation that may influence uptake, distribution, metabolism and excretion is also
modeled by definition ofwo levels of execise (at rest and at light work).
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The PBTHhodel IndusChemFateoldsQSPRalgorithms(Quantitative StructurdProperty
Relationshipsjo minimize the numbepnf necessarynput parameters Thelnput vaiables
are limited to somephysicechemical propertis €.g.molecula weight, densityyapor
pressure water solubility and metabolic kinetic parameters.g.maximum velocity of
metabolism € Vinay and the Michaelidenten constant £ Ky)). Thephysicechemical
properties required to run the model can lobtained from freely available (internet)
resourceg33-35].

The adopted algorithms or QSPRs (QuatiiaStructureProperty Relationship$pr
partitioningare eitherpublishedin scientific literatureor in-house developedor this model
Alveolar uptake is determined lilge blood:air partition coefficient of the compound. The
blood:air partitioning isstimatedby means of a newly developed QSRRved from
experimental substanespecificphysicachemical parameterf36]. Distribution of
xenobiotics over the bodig largely determined by tissu#ood partition coefficientshat
are obtainedfrom a published QFR[37]. That means that thismodeliIndusChemFatdoes
not requirecompoundspecificblood:air andor tissueblood partitioning information.

Dermal uptake is estimated by the use ai@/eldermalphysiologically basechodule that
considerdermaldepositionrate and duration of depositiof88, 39] This module pedicts

the fraction of the substance on the skin surface, in the skin and finally absorbed in the
blood dependent on the time after first contact. Moreover, evaporation during skin contact
is fully accounted for and related to the volatility of the sulvste.

Oral intakeof compounds is considered abalus dose that is directly applied to the
stomach and then transferred to the intestinal tissue at a first order rate.

SaturableMichaelisMenten metabolisnkineticsis incorporated in the model, based ¢me
principle of removal of the parent compound at a rate determined by tissue spegifiavd
Kn. Also thesubsequent production of one or more metabolitesletermined byspecific
Vmaxand K, values for productionThe metabolic parameters can be dsadependentlyi.e.
removal of parent compound or initial metabolite and production of secondary metabolite
are not necessarily equaetabolism can be modeled all organs Thesimulation of
metabolism requiregxperimentalinput tissuespecificvalues (Vinaxand k). The model
supportssimulationup to 4 subsequent metabolites.

Theresidence timeof the parent compoundr one of its metabolites in the human body is

determined bythe rate ofcirculation,storagein tissues andhe rate ofexcretion.
Enterohepatic circulatiofof phase Il metabolites¥ adoptedin the model by means of a

10
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bypass from the liver to the intestines (by bilary excretion) at a-deéned rate.
Furthermoreregulation ofrenal clearancés an additional optionit can be degrmined
actively by the user or passively by the model using a-budutoff value based the (log)
octanol:water partition coefficienat a pH of 7.4, the pH of the blopdTheother excretion
route is via exhalation, which is based on the blood:aitipon coefficient(alsoat pH 7.4.
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The IndusChemFate PBifiodel is available free of charge from the CHERCwebsite as a
Visual Basiapplication in Microsoft Excel (availablelditp://www.cefic-Iri.org/Iri-
toolbox/induschemfatg.

2.2 Newitemsin version2.00of IndusChemFate

2.2.1 Various human subjects

The modekonsidersvarious human subjects (feferencemalehuman a female and a child,
normal or obese)The modeholds12 preséected subjects: male, female, child; normal or
obese; in rest or light activitiseeappendix ).

2.2.2 Experimental animals

The modeholds2 preselected experimental animals: rat or mouse in rdstw QSPR
algorithms are derived for blood:air and tissue:higgartitioning in experimental animals
(seeappendix ).

2.2.3 Altered decision rules forenal excretion

The uinary excretiorof compounds and metabolitds estimated withQSPRalgoiitmesthat
is based on the log Kow of the compound/metabolite. In ver&00the earlierestimate of
versiors 1.xusing a fixegoint decisionis changedo an sigmoideexcretionmodelwith
certain boundaries (see pageaph 4.3.2.

2.2.4 Improved entry of exposure
The entry ofperiodswith exposure is made more flexiblehr€e items govern the exposure
time and period

9 Duration per day inmmber of hours/dayDuration of hhalation exposure and and

dermal exposure can be sgidependent. Oral intake is modeled as boticse;

1 Length of exposure period irumber of days

1 Number of shis/periods with exposure peweek(from 1 to 7)
This gives the flexibility to enter exposure periddsworkers consumer and experimental
animas.

11
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3 Running the model

3.1 Instructionsin short

The PBTHhodel IndusChemFateinsas an applicatiom MS Egel. The Excelile has 4

sheets:
1. Tutorial,
2. Exposure Conditions+Calculation;
3. Database and;
4. Graphical Output.

Table 3summariseshe instructions for running the mod&h short

Table 3Short instructions for runninthe application IndeChemFate.

First stepafter opening is to activate the macro's of the MS Efitel

Second steps to save the opened MS Exfigd under a new name.

Enter data of chemicalOpen sheet 'Database’. Either data of the chemicalar study are already
available in a column of the sheet 'Database’ or the chemical is not yet available and the data s
be entered. Data to be entered are phgsem data and toxicokinetic data. Metabolism can be
modeled in all tissues or in liver gniStart initially with only metabolism in liver by pushing the butt
"Metabolism only in liver".

Selecta subjectout of 12 humarsubjectsor select a experimentalanimal €odefor mouse=13,for

rat = 19.

Define exposureperiod(s) Enter he duration of inhalation per day (in hours/day) and duration of
dermal exposure per day (in hours/day). Thentee the period of exposurar{days) and the number
of successive shiftsith exposureper week(from 1 to 7) (Exampleif the period of expsure is 14 days and the
number of successive shifts per week is 5, the total number of days with exposure is 10 in the period 0} 14 days

Copy data of chemicaPpen sheet 'Database’ and click the name of the parent compound in Ro\
All specific dta of the selected chemical will be copied from the database into the cells B31 throt
B305 in the worksheet 'Exposure Conditions+ Calculation' and activates the latter worksheet.

Enter exposurdevel: Open sheet 'Exposure Conditions+ Calculatod' enter your exposure
conditions in cells B2 B18.

Run the modelAfter entry of all exposure data, press the buttt®@alculaté in sheet 'Exposure
Conditions+ Calculation'. The calculated concentrations and amounts in body fluids and in body
compartments over time will appear the active sheet. After running, the results are presented in
graphs in sheet 'Graphical Output'.

Tabular listing of output:The calculated concentrations (indicated as Cn with O=parent compounc
1st metabolite, 2 2nd metabolite) and amounts (indicated as Mn) in body fluids, exhaled air and
11 body compartments in the observation periode will be listed in the active sheet 'Exposure
Conditions+ Calculation'.

12
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Graphical output:The concentrations in blood, me and exhaled are presented in graphics in the
sheet 'Graphical Output'.

Other output of the model The QSPRBstimated partition coefficients are presented in sheet
'Exposure Conditions+ Calation', just below the data. Below these data, the R88&timated
fraction of tubular resorption is reported.

Internal check of the modelThe mas#alance is presented in sheet 'Exposure Conditions+
Calculation' , just below the data.

Save resultsTo save the input data and output tables, pres&tt "Save calculatiorisn sheet
'Exposure Conditions+ Calculation'. The data are written to a simple notepad textfile that will apg
in the active directory with the filename of the substance (from cell B31 of sheet 'Exposure cond
+ Calculation): In the header time and date of saving are printed.

View output as text file: To view the saved data, press buttoviiéw text file in sheet 'Exposure
Conditions+ Calculation'.

13
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3.2 Extended instructiors

3.2.1 Initial settings

Theinitial settingsof the model simulation can be determined by the parameters as
displayed in table. Thestart and end of theobservation period needs to be defined first. If
the exposure duration is repeated this cantered with the numbepof repeated days

The number of calculation steps per hour can be set as well as the number of reports per
hour. It is recommended to use a small step size to increase accuracy of the model.
Therefore at least 1000 steps per hour are recommendiecteasng the steps to 1000 per
hour will produce more precise results, bwill slow down the numerical integration
process.The number ofeport times per houis also optional The numbeiof 1 means one
pointvalue per hour, a number of 60 meanga@intvalue for every minute.The highethe
number themore detailsare presented. This might be importaintthe initial period of
exposure and at the end of exposure, when levelsody fluidsare rapidly changing.

Tabled. The Excelile IndusChemFatéor entry of simulationsettings and the exposungeriod(s)

SR

() s TR e = 3 I @
e B ) R B8 |5 ewersen oo | B AR 5 oeassoe combos =5 i Yo oo & (o m oo
A B C D |
|
1 Parameters Airborne Exposure
20 Setting of simulation parameters
21 Select human or experimental animal subject (1-14) 1
22 Length of exposure period (in days) 7 View
23 Number of shifts/periods with exposure in a week (1 to 7) 1 5 text file
24
25 Observation settings
26 Time of start of observation (time in hours) 0
27 Time of end of observation (time in hours) 196
28 Number of steps per hour ] 1000
29 Report times per hour ] 1
30 ]
31
2n Pauandt Foavacaiiad [ AATDE

3.2.2 Exposure period(s)
The entry of periods with exposure is more flexible in version 2.0. Three items govern the
exposuretime and period:
9 Duration per day in number of hours/dayuration of hhalaton exposure and and
dermal exposure can be setdependent. Oral intake is modeled as beticse;
1 Length of exposure period in number of days;

14
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1 Number of shifts/periods with exposure per week (from 1 to 7).
The entry cells are B4, B11, B22 and B23d{gdayed in tabled)

3.2.3 Selectionof humanor animal subject
ThelndusChemFatenodelholdspreselected subjects: 12 human options (male, female,
child; normal or obese; in rest or light activity) and 2 experimental animal options (rat or
mouse in rest}. Thepredefinedhuman subjects and experimental animals ashewn in
table 5. Human physiology parameterd male, female humanand childrerwith normal
weight and obeseare used to dimension organ and tissue volumes and blood flows through
these tissuesvere scaled relatre to the total body weightStandards for human
physiological parameters were used from several reference docunigdt82, 4042]. The
REACH guidance recommends values for organ volumes andiblesedhrough the
organs for PBTFKiodelling[31]. The organ volumes and organ blood flows

recommended byAppendix IVC of the European Technical Guidamoeients 3¢ edition
2003 are used in our modelThe valuegor each of the 12 human subjects and 2
experimental animalare presented in appendix 1.

Table5. Standardised subjestwhich carbe selected in IndusChemFate

No. Standardised subject

Normal man (in rest)

. Obese man (in rest)
Normal man (light work)

. Obese man (light work)
Normal woman (in rest)

. Obese woman (in rest)
Normal woman (light work)

. Obese woman (light work)
Normal child (in rest)

. Obese Child (in rest)

. Normal child (playing)

. Obese child (playing)

. Mouse (experimentaknimal)

. Rat (experimental animal

Tissue volumes

All tissues except the bones are assumed to have a reldémsity similar to wate(l
g/cm®). For bones a relative density of 1@2m’is taken[30]. Tissue volumes are
expressed in liters.

! Physiological parameters of rabhd mouse were taken from the tabels of REACH Guidance 7c. The
partitioning for man and experimental animals is different
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Blood flows

Blood flows through tissues are implemented as a fraction of the total cardiac output in
correspondence with most other PBPK misdét is assumed that arterial and venous blood
are distributed in a 3&i70%relation at all timeg43-45].

Humantypes
Human subject are 70, 60 aié kg for male, female and childespectively The obese
typeswith someoverweight have a increasedveight, eg. 80, 70and20Kkg, respectively.

Exercise levels

The twopreset levels of exercisrerest and light work (~ 50W, up to a maximum heartbeat
of 100 per minute)Tale 6 shows tle alveolar ventilation ad cardiac oyput at the two
exercise levelsAt light work therelative Hdood flows to liver and kidney decrease whereas
relativeblood flows to muscles increasRelative food flows to other model compartments
does notchange.

Table6. Cardiac outputind alveolar ventilation per exercise level (liter/haur)

Value at rest Value light work

Cardiac outpuf(L/h)
Alveolar ventilation(L/h) 530 1350

3.2.4 Entry of @mpound specifiaddata

The chemicalspecificproperties ofthe parent compouad and the metabolite(s) of interest

for running the modelndusChemFathavetod S Sy (1 SNBR Ay Tk a KSS i
lists the required compoundpecific parameters for running the model.

When thedata of the chemicadnd metabolitesunder study ae already available in the

sheet 'Databasef the Excefile, these can be automatically entered in the model by

pushing the cell witmame2 ¥ (G KS OK S Y A Databaser dff datd kif$he selecte8 (1 W
chemical(and corresponding metabolitew)ill be copied from the databas®e the wsheet
WELR&AdzZNBE / 2y RAGAZ2Yyab /[ EOdA A2y Q

In the case that the data dfhe chemicabrenotyetl @+ Af | 6 f S Datapas® K S KBS S

requireddata should be enteredh the next empty column of this sheet before transfeg.
Thesimulationwill be restricted tothe number ofmetabolites that have been entered

3.2.4.1 Physicochemicalinput data

Requiredphysicechemical propertiesire molecula weight, densityyapor pressurewater
solubilityand the log(octanol/water partitin ratio) at pH 7.4 and at pbi5, respectively the
pH of blood and skifThe log(octanol/water partition ratio) is controlled by the pH in case
weak organic acids and organic bages. selecting unknowphysicalchemicalparameters
the user izecommenckdto consult9 t | Q& BIWr CrezhIpi8ef34]in case of pH
dependent log(octanol/water partibn ratio). These databasesontain experimental datan
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IndusTox

physicachemical properties of many substances, which are neddetérivethe partition
ratios of the parent and metabolitegia QSPRor QSPR$Searching b AShumber and/or
by SMILES code nealed to get access to the substance properti@gher freely available
internet resource®f interest includdPubChenj35], ChemSketclg6] and Wikipedid47].

Table 7 Physicakthemicaql and biochemical propertieéthe parent substancend metabolites of chemicals
to be enteredinto the Excefile IndusChemFate.

‘DnEAZaTalH

S lwpegen  Fapnamdeing  Fomes  Sepewmi | Conpiseen | Epel

v

o |~ || »

58 CAS

112 CAS

5 el
A 3 D E F G B
1 Metabolism only in liver If Metabolism in all organs
2
3 Parent Compound MTBE B! (1) Benzene(2) Aniline ETBE
4 CAs 1634-04-4 71-43-2 71-43-2 62-53-3 637-92-3
Density (mg/cm3 or grams/litre) 740 879 879 1020 750
Molecular weight 88,15 78,11 78,11 93,13 102,18
Vapour Pressure (Pa) 33300 12700 12700 65,3 17000
Log(kow) at skin pH 5.5 0,94 2,13 2,13 0,88 1,48
9 Log(Kow) at blood pH 7.4 0,94 2,13 2,13 0,94 1,48
10 Water solubility (mg/litre) 51000 1750 1790 36000 16400
11 Resorption tubuli (?/estimated fraction) ? ? ? ? ?
12 Enterchepatic removal (relative to liver venous blood) 4] 0 0 0 0
25 Vmax Liver (parent[total] umol/kg tissue/hr) 500 122 122 39000 1000
26 Km Liver (parent(total] pmol/litre) 50 40 40 180 50
47 Vmax Liver (parent[specif] pmol/kg tissue/hr) 500 122 35 39000 1000
48 Km Liver (parent[specif] pmol/litre) 50 40 2 180 50
57 1st metabolite tert-Butanol Phenol Muconic acid N-acetylaniline tert-Butanol
75-65-0 108-95-2 505-70-4 103-84-4 75-65-0
59 Density (mg/cm3 or grams/litre) 781 1070 1000 1000 781
60 Molecular weight 74,12 94,11 142,11 135,17 74,12
61 Vapour Pressure (Pa) 5430 47 0,0001 0,0267 5430
62 Log(Kow) at skin pHS.5 e ———— —— —— e ]
63 Log(Kow) at blood pH 7.4 035 1,46 4,91 1,16 0,35
64 Water solubility (mg/litre) 1000000 82800 50000 6390 1000000
65 Resorption tubuli (?/estimated fraction) ? ? ? ? ?
66 Enterohepatic removal (relative to liver venous blood) 0 0 0 0 0
79 Vmax Liver [1st metab[total] pmol/kg tissue/hr) 300 174 4470 300
80 Km Liver (1st metab[total] pmol/litre) 50 5 1470 50
101 Vmax Liver (1st metab[specif] umol/kg tissue/hr) 300 174 4470 300
102 Km Liver (15t metab[specif] pmol/litre) 50 5 1470 50
111 2nd metabolite Methylpropanediol Phenyl sulfate N-ACs i | Methylpr
558-43-0 937-34-8 103-90-2 558-43-0
........ o I — 2000 4000 - 200 PP - ;
i 1 0 a0 =y

3.2.4.2 Biochemicalinput data

Metabolism

Metabolism can be simulated in all organs of the'RBnodelSerial netabolismcan be
entered parent compound into ¥ -metabolite, followed by biotransformation into the'®c
metabolite, and so oto the 4" metabolite) The maximum velocity of metabolisix)
and the Michaeligvienten constant k) are the parameterscontrolling the metabolic
clearanceThe requiredparameters for eaclstep are listed in tabl&8. Conversion of
experimental WaxUnits to the proper units is given in the addendum of taBle

Table8. Metabolicinput parametersfor the PBTKmodel IndusChemFate

Variable Unit Description

Viaxliver (compound]total]) 1Mole/kg/hr* Removal of parent compound
Kq, liver (compound(total]) 1Mole/L

Viaxliver (compound[specif]) 1Mole/kg/hr* For production of specific

K., liver (conpound[specif]) uMole/L metabolite
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* Most Viaxvalues are reported in pMole/mg microsomal protein/min. To convert this value to pMole/kg liver/hour, it can be assumed
that the microsomal fraction of liver tissue is about B8] and that the average human liver weighs 2 kgv#lues are mostly reported in
UM.

The model considers both removal of the parent compound and production of metabolite as
separate steps. That means the biotransformation of the parent compound ofauosly

x% into the metabolite of interest and for (180% into other (unknown) metabolites hat

is how the stoichiometric yield of each step is set.

Metabolism can be modeled in all tissues or in liver oDifault is metabolism in liver only.

It isrecommended to wrt initially with only metabolism in liver by pushing the button

IMetabolismonlyin liver

When othertissue(s)re involved in thenetabolism Vi« and Ky, valuesof these tissue(s)
should be entered in the proper input cells
If an hput cellremains emptymetabolismis not considered.

Tubular resorption

The input parametel! NB & 2 NLJG A 2 y  ( wiuldrfresafptioN#aclidh NtEmayitbe G K S
calculatedby a internal QSR&gorthmor it may beentereddirectly. If the user leaes the

decision on tubular resorption to thaternal QSPRIgorithm, a question mark should be
entered. In case of measured tubular resorption the true value may be entered. In such a
case the algorithms are overruled.

Enterohepatic recirculation

Fasel-metabolites may undergenterohepaticrecirculation Enterohepaticrecirculationis
entered aghe ratio of excretion to bile relative to excretion to the blood. This ratio is
defined as the fraction of the amount of a metabolite in liver tissue tha&xcreted to the
intestinal lumen via bildf the removalkatio from the liver by enterohepaticecirculation is
set to 1, 50% of the total amount that leaves the liver per unit of time is excreted to blood
and 50% to the intestinal lumen via b{leee able 9).

Table9. Enterohepatic circulation ratio as adopted in the PBI el IndusChemFate.

Ratio of excretion to bile versus Percentage excreted in bile
liver venous blood

0 0%

1 50%

2 66.7%

9 90%

3.2.5 Entry ofexposurelevel and duration
Three rodes of exposure can be defined: inhalation, dermal uptake, oral uptake. Also a
combination is possible. If any of the input fields is not applicable it can be left erfigpiye
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10shows the require@xposureentriesfor simulation of inhalation, dermal wake and oral
uptake Whenrespiratoryprotective equipment is used, the protection factor can be
entered Default value of no protection = 1.

Skin exposure might occur via deposition of the substance on theSkimuptake of the
neat substance requirdseg (Kow) at pH of skin (= 5,K)deposition ordirect skin contact
occurs skin uptake may still play a role via dermal uptake of vapor. Eis®nsidered by
the modeland is linearly related tdhe air concentrationWhen gas tight protective athing
is worn, the skin uptake of vapour will be decreased. Jitmeection factorof protective
clothingcan also beentered Default value of no protection = 1.

Tablel0. Requested entries for the exposure levablumn B in the Exceffile IndusChemRa.

On) -0 33 B
en ng “« G - = x
wrl Goe Neu m oo | jl:z
213 Cotriecs | oI
5 & |
A -] G D E F [¢ H ] K L M N B

1 _Parameters Airborne Exposure
2 Concentration parent compound (mg/m3)
3 Time of start of airborne exposure (hours)
4 Duration of aitborne exposure per day (hours/day)
5 Respiratory protection facter [ =>1)
6 Dermal protection factor (air tight clothing => 1)
7
2 Parameters Dermal exposure to parent compound Calculate
9 Skin deposition pure substance (mg/cm2/hour) 1]
10 Start of skin exposure (hours) 0
11 Duration of skin exposure per day (hours/day) 0
12 Skin temperature [centigrade) 25
13 Affected skin area (cm2) 7500
14 Save
15 Parameters of oral absorption calculations
16 Bolusdose to stomach of parent compound (mg/kg bwt) 0 in text file
17 Time of application (time in hours) 4]
18 Absorption rate into intestinal tissue {1/hour) 3
19
20 Setting of simulation parameters
21 Select human or experimental animal subject (1-14) 1
22 Length of exposure period [in days) 7 Wmm
23 Number of shifts/periods with exposure in a week (1 to 7) 5 text file
24
25 Observation settings
26 Time of start of observation (time in hours) 0
27 Time of end of observation (time in hours) 196
28 Number of steps per hour 1000
29 Report times per hour 1
30 |
W e o Jcul e Greches o ml [—
Gaees | 3 SEIRT e g

3.3 Run the model

When all the requiredlata of the substance and the exposure scenario are entered, press
the button:

Calculate

Thepredictedconcentrations and amounts in body fluids and in body compartments over
time will appearin identified columns of tb active sheetWhen the calculations are done, a
part of the data will be presented as three graphs in the si@etphical Output'The graphs
will automatically appear and they present the concentrations of the substance and its
metabolites in exhaledig venous blood and urine
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Depending on the definedlcenario criteria (and the specification of your computer) the
running willtake aperiod of a few seconds to tens of seconds.

3.4 Model Output

3.4.1 Numerical outputdata

After running alargenumber of timeseries of output parametersslisted for both the
parent compoundcode 0)and its metabolite(sfcode 1to 4Rk Yy i K Expaskiré S
conditions + CalculatiéSee figure.

c
€

Figure2.rNurTericaI outputsheetafter running of Ecekile IndusChemFate.

G b

The listingincludesmass (code M)concentrationgcode Cand rates After everysimulation
the output-parametersare listed incolumn Bo CP(see overview of output columns table
11). Column AGo AKgive insight irthe dermal absorptiorprocess

Goncentrationsin all 11 organsboth for the parent compound and metabolite(s)ye
calculated(column AN to CPYhismightbe relevant if for instance the target tissue
concentrations are of special interest. For example the bone marrow concentiiation
relevantwhen assessing benzene, as this substance is causing leukemia.

OAY xaz2f0 KIFI@ZS WYaQ

| 2f dzyya LINBaSydadAy3da Yl aaSa
SR o0& W/ Q Ay (GKS GAdf

OAY xaz2fk[0O FNB AYyRAOLI
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Tablell. Output parameters oThe PBTH#nodel IndusChemFate

Time (in hours) E
Alveolar air concentration (in uMole/L) F,G HIJ
Venous blood concentration (in uMole/L) KL, M, N, O
Urinary excreted mass (in uMole) P,Q,R,S, T
Exhaled amount (in uMole) U, VW, X, Y
Urinary concentration (in uMole/L) Z, AA, AB, AC, A
Dermal deposition rate (in mg/cnf/hr) AG
Mass on skin (in mg/cnf) AH
Evaporated from skin (in mg/cnf) Al

Mass in stratum corneum (in mg/cnf) AJ

Dermally absorbed mass (in mg/cnf) AK

Concatration in 11 different (in uMole/L) From AN to CP
tissues

3.4.2 Mass balancalata

A mass balance is an internal check for loss of mdts every model simulation a mass

balance is calculated. Absorbed amounts per route are summarized and comparetewith

total of excreted amounts, amounts in tissues and amounts to undefined metabolites, not

assigned to the metabolic route consideréthe total absorbed mass of the parent

O2YLR dnifY AW KIf SRE b £€adzy &a1AYy |ANERYyE dadzy &j
Gotal absorbed 0 Ydza G 0 S S| dzI 6f pafet + inde®olitasuedl mddel Y I & a
O2YLI NIYSy(Ga Lidza GKS YIaa SEONBGSR Ay daNAyS
b dadzy o0f 22 Ré sumhepZiddy dAIY S¥S b aHtadivp & 212 & ¢
The mass balance of easimulation is pesentedin the active workheet All input and

output of the model is on molar basis ataken upin the mass balancg@s intable 12). The

total absorbed mass of the parent compoutiglpresentedThis massnust be equal to the

sum of mass (parent + metabolites) in all model compartments plus the mass excreted in

urine and/or exhaled aifThe log table of mass balance data is presented under the data

listing, in the shee¥xposure conditions + CalatiorQ
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Tablel2. Example of log table of data with estimated mass balance of a specific simabEaeHile
IndusChemFate

- E R 1= B

=
E F G H I J K L M N
X % m AlvAir CO AlvAir C1 AlvAir C2 AlvAir 3 AlvAir C4 VenBI CO VenBI C1 VenBI C2 VenBI C3 Ve

| i | nours pmaolfl pmol/l | pmol/l pmol/l wmol/| | umol/1 pmaol/l pmol/l | pmol/| o
75

76

77

78

79 Parent and Metabolites Parent Absorbed

80 Sum Tissues 2,98E-02 pmol/KgBwt Sum Inhaled 1,20E-01 umol/KgBwt

81 Sum Exhaled 1,76E-05  pmol/KgBwt Sum Skin Air  7,16€-02  pmol/KgBwt

82 Sum Blood 3,98E-04 pmol/KgBwt Sum Skin Lig  0,00E+00  pmol/KgBwt

83 Sum Urin 7,10E-02 pmol/KgBwt Sum Oral Abs  0,00E+00  pmol/KgBwt

84 Sum Hep. Circ. 5,83E-03 Hmol/KgBwt Total Absorb 1,91E-01 umol/KgBwt

85| Sum Metab Undef 8,19E-02 pmol/KgBwt

86 Sum Total 1,89E-01 pmol/KgBwt

87

a8

89 Part.Coeff co c1 c2

S0 Blood/Air 6,15E+04 3,03E+08 3,50E421

91 | Adipose tissue/Blood 1,42E+402 1,42E402 1,00E-01

92 Bone/Blood 5,24E400 5,15E+00 7,39E-01

93 Brain/Blood 1,44E+01 1,17E+01 7,75E-01

94 Heart/Blood 5,24E+00 5,15E+00 7,39E-01

RN T e oot DU GRIR O 53 m =

w 3 o T e T o m——:

3.4.3 Predictedpartition coefficients

The logHile of QSPPpredictedpartition coefficients idisted, summarizing the blbd:air and
tissue:blood partition coefficients for all tissues that are calculated by the modelvenel

used in the simulation. This includes both the partition coefficients for the parent compound
and all metabolites of interegseetable 13). The logtable of partition coefficients is

presented under the datdisting, in the active shedExposure conditions + Calculatidn

Tablel3. Example ofdg table withestimated partition coefficients of a specific
parent compound and two metabolited Excelile IndusChemFate

F G H | ] K L M N
5 AlvAir CO AlvAir C1 AlvAir C2 AlvAir C3 AlvAir C4 VenBI CO VenBI C1 VenBl C2 WenBI C3 Ve
1 nours pmol/l pmol/l pmol/l pmol/l pmol/l pumol/| pmol/l pmol/| pmol/l b
87|
88
89 Part.Coeff co Ccl 2
90 Blood/Air 6,15E+04 3,03E+08 3,50E+21
91 | Adipose tissue/Blood 1,42E+02 1,42E+02 1,00E-01
92 Bone/Blood 5,24E+00 5,15E+00 7,39E-01
93 Brain/Blood 1,44E+01 1,17E+01 7,75E-01
94 Heart/Blocd 5,24E+00 5,15E+00 7,39E-01
95 Kidney/Blood 7,60E+00 6,71E+00 7,71E-01
96 Intestine/Blood 8,27E+00 8,12E+00 5,15E-01
97 Liver/Blood 8,27E+00 8,12E+00 5,15E-01
98 Lung/Blood 5,24E+00 5,15E+00 7,39E-01
29 Muscle/Blood 5,24E+00 5,15E+00 7,39E-01
100 Skin/Blood 5,24E+00 5,15E+00 7,39E-01
101| BoneMarrow/Blood 1,44E+01 1,17E+01 7,75E-01
102
103| Frac tubular resorp CO 0,99
104/ Frac tubular resorp C1 0,99
105| Frac tubular resorp C2 0,01
106
ot ot 13 il

s S
= e T ry==—y)
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3.4.4 Predictedfraction of tubular resorption

The logdfile ofthe predictedfractional tubular resorptiorof the parent compoundCO)and
all metabolites(C1, C2 and so onj interestislistedA y & Bk Suie caHditions +
CalculaionQas intable 14.

Tablel4. Example of log table with estimatémction of tubular resorptionof Excetfile IndusChemFate

v [l o o ]
E; F G H ] K i M N
AlvAir C1 AlvAir C2 AlvAir €3 Alvair 4 VenBI CO VenBI C1 VenBl C2 VenBl C3]
1 nours pmol/l umol/l umol/| umol/l pmol/l umol/l umol/| umol/l umal/l
89 Part.Coeff o c1 c2
90 Blood/Air 6,15E+04 3,03E408 3,50E+21
91 | Adipose tissue/Blood 1,42E+02 1,42E+02 1,00E-01
92 Bone/Blood 5,24E+00 5,15E+00 7,39E-01
93 Brain/Blood 1,44E401 1,17E401 7,75E-01
94 Heart/Blood 5,24E+00 5,15E+00 7,39E-01
95 Kidney/Blood 7,60E+00 6,71E+00 7,71E-01
96 Intestine/Blood 8,27E+00 8,12E400 5,15E-01
97 Liver/Blood 8,27E+00 8,12E+00 5,15E-01
98 Lung/Blood 5,24E+00 5,15E+00 7,39E-01
9g Muscle/Blood 5,24E400 5,15E+00 7,39E-01
100 Skin/Blood 5,24E+00 5,15E+00 7,39e-01
101| BoneMarrow/Blood 1,44E+01 1,17e+01 7,75E-01
102
103( Frac tubular resorp CO 0,99
104| Frac tubular resorp C1 0,99
105| Frac tubular resorp €2 0,01
106

107
ebo i apoars ot akuistn_ Cwaton s oot 73 m
== st Aontns som 1% [0 0) Ut

3.4.5 Graphical outputof alveolair air, urine and blood concentrations
After running the model,he predictedconcentrationgn blood, urine and exhaleair are

presentedasgraptsin the sheet 'Graphical OutputFigure3 shows an example of time
course of venous blood concentrations.
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Figure3. Example of graphical output of the RBWModelindusChemFate. Inhalatiaf 140 ng/m3 MTBE
during2 h , observation periode wah. CO is parent compoundTBE C1 = first metabolitd BA C2 is second
metabolite (MPD) and C3 is third metabolite (=HiBA)enBI = venous blood.

MTBE and metabolites (Venous Blooc

1,20E+01

1,00E+01 /A\
8,00E+00
/ \ ——VenBI CO pumol/l
6,00E+00
-=VenBI C1 umol/l
VenBI C2 pmol/l

4,00E+00 / =<VenBI C3 umol/l

e

0,00E+00! 9 T T T T T T T d
0,000 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

Hours

3.4.6 Saving data
To save the input data anmtlmericaloutput tables, presshe button:

Save
calulations
in text file

in the sheet 'Exposure Conditions+ Calculatiorhe data are written to a simple notepad
textfile that will appear in the active directory with the filename of the substafiGenme
takenfrom cell B31 of sheéExmsue onditions+ Calalation’). In the header time and date
of saving are printedAfter saving the results can directly be viewed by pressing the button:

View
Text file

3.4.7 Example

Appendix 2 shows results of simulationse@posure of volunteers and rats MTBE using
IndusChemFate version 2.0Simulation results are compared with experimental results of
an exposure study that encompass both dosimetry and biomonitoring.
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The PBTHhodel IndusChemFais writtenin Visual Basic.hE full source codevith
algorithms and equations evailable and readable witihe VBA editor of MS Excel

PBTKmodel IndusChemFateersion 200 - User manual

4 Basics of the model

4.1 Exposure routes

4.1.1 Inhalation

Inhalation absorptionin the PBTKnodel IndusChemFais typicallycontrolledby the
concentration of the compound in the breathing zonkee alveolar ventilatiomndthe
blood:air partition coefficientThe result of inhalatiombsorptionis a change in arterial
blood concentration andollowed by a change ithe (target) tissues and the venousiood
concentratiors.

4.1.1.1 Human Bbood-air partitioning

The blood:air partition coefficient (RCba) is substance specifiplayd a crucial role ithe
uptake of a compound that has reached the alvediere t forms a rapid equilibrium with
the capillary blood. Blood:air partitioning also plays & iialthe possible exhalation of the
substance as molecules may also exchange from blood torerPBTH#hodel
IndusChemFatholds aQSPRo estimate theblood:air partitioncoefficient. The QSPRr
human subjectéias beerderived by regression analysts experimentalhumanvaluesof a
largeseriesnumber of chemicals (n=106&% published by Meulenberg & Vijverberg (2000)
Theresulting algoritm is usintipe dimensionles$lenry coefficient and the octanol:air
partition coefficient Koct:ai) asindependant variables The total group of 106 substances
wassplitin two separate groups based on the Log Henry coefficient (dimensionlefs
Thesplitwas based otthe value of-1 for the Log Henry coefficient (dimensionlesBar

both subsets anultiple regression analysis was conducted with both Kwct:airand the
Henry coefficient as independent variabkesd the bloodair partition ratio as the
dependent variableThis resulted in twdifferent regressiorformulasas presented in table
15. Theproper regression equation is select@uthe modelIndusChemFateelated to the
log(Henry_DL)

Tablel5. QSPRilgoritmin the PBTKnodel IndusChemFate derivehumanblood-air partition coefficients

Log(Henry_DL) 4 P (blood : air) = 0445 x (1/Henry_DL) + 0.0052 x (K oct:air)
[ 23061 Sy NB P (blood : air) = + 0.8355 x (1/Henry_DL) + 0.0058 x (K oct:air)

A plot of experimental humapatrtition coefficients blood:air and QSfeRtimated values is
presented in figurel. Ninety estimates of the 106 experimental partition dogénts were
within a factor two and 99 were within a factor three of the experimental results.
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Figure4. Comparison of the human experimental blood:air partition coefficients with the @8ired
estimates. Regression of two subsets of volatile olganmpounds are presented
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The dimensionless Henry coefficient is calculated from other properties of the chemical
(Henry coef dim less = Vapour Pressure * Mol Weight/ (Water solubility *gas constant * Temp K

The octanol:air partition coefficient (Ktiair) iscalculated from log Kow and Log(Henry DL)
using the formula: log(Ka:air) = log(Kow)Log(Henry _DL)

4.1.1.2 Rat bloodair partitioning

The QSPR for the blood:air partition coefficient of experimental ratefaally been

derived from regression nalysis 0B2rat bloodair values as compiled by Meulenberg and
Vijverberg (2000)The resulting algoritm is using the dimensionless Henry coefficient and the
octanol:air partition coefficient{oct:ai) asindependentvariablesTwo regression
equationswere derived: One for a log (Henry_[Mdrper than-0.7 and one for smaller than
0.7.This resulted in two different regression formulas as presented in tkhl&hese

formulas are implemented as blood:air partitioning QSPR in the model IndusChemFate,
dependant from log(Henry_DL).
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Tablel6. QSPRIgoritm in the PBTHnodel IndusChemFate to derivat blood-air partition coefficients

Log(Henry_DL) 9.7 P (blood : air) = @933x (1/Henry_DL) + 002592x (K oct:air)

[ 2301 SYMNMEFYS5 | P (blood : air) 2.32 x (1/Henry_DL) + 00674x (K oct:air)

PBTKmodel IndusChemFateersion 200 - User manual

4.1.1.3 Mouse bloodair partitioning

Experimental partitioning data in mice were not availafleeefore, blood:air partition
coefficientin mice wagegardedas equal tadhe valuein rats. Scientific support for this
choice was based on themilarreported lipid contents in organs of mice and rats (Cunnane
et al 1986, Kalén et al 1989)

4.1.1.4 Respiratory protecton

The PBT#hodel IndusChemFatantake into accounthe protection of respiratory
protective equipment (RPEJhereduction factor of theapplied RPE is inserted as a
respiratoryprotection factor (default value of no RPE = The air concentratioaluring
exposureg(Cexp in figur®) isdividedby the reduction factoto calculate the inhaled
concentration(Cinh. Therefore the application of a reduction factor of 2 halvetimhaled
concentration Theair concentration is limited; thenaximum air concentration (Cexp) is
eqgualto the concentrationat which the air is satrated.

RespProt

Cexp AlvVent LUNG
=» Alveolar Space
Cinh
———————————— ﬁ -RCba----

ChlVen — Lung Blood
CardOutp
Hgure5. Respiratory protectionin IndusChemFate.

4.1.2 Dermal absorptionvia liquid and gas
In the last two decades it has become clear that dermal absorption (both from
environmental and occupational exposuraaybe significant. This has leadl the
development ofPBPK modelsith an integrated dermal compartmerps4, 55]as well as
dermal onlyPBPKnodels[16, 5561]. These models typically require many (experiba#y
determined) input parameterdn ou modela modified version ofhe &inperm algorithm
as developed by Ten Ber{28, 39]has been incorporatedThis isa diffusion based
physiological modehat predicts alsorptionbased on physicochemical properties of the
substance.Two independentpathways of permeation through the skame taken into
account transcellular and intercellular. The physiological model of skinperansiderghe
followingthree processegfigure 6):

(1) dermal deposition of a substan@i&uid) on the skin

(2) diffusion to the stratum corneum (SC)

(3) absorption to the dermis / blood flaw
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Dermal absorption of chemicals in rat and mice is higher than in humans. The dermal
permeation co€ficient of rat and mouse was set oAf@d the value of the human

permeation coefficient, as a rough estimate of the lower boundary (Ravenzwaay and Leibold
2004). Both liquid absorption after dermal contact and absorption from the gas phase are
considerel (see next paragraphs)

As liquid and/or solid As vapour/ga:
Vapour of
substance
Deposition T = A
Evaporation | P
Stagnan
T | air layer
- ubstance] i |
v ' v

Stratumcorneum
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Skin J Absorption l

Viable
‘ epidermis

FHgure6. Schematic oflermal absorption processes in the model.

4.1.2.1 Dermal absorption via liquid and solids

After or during deposition of #quid or solidsubstance on the skieyvaporation of the
substanceand demal absorptionoccursimultaneouslyFurthermore, a depot may be

formed in thestratum corneumn case a substance diffuses easily intogtratum corneum
but is slowly absorbed by the dermis. This depot can cause continuation of the absorption
process #hough deposition on the skin has stoppdte above phenomena are simulated
by IndusChemFat€ritical parameters are the aqueous dermal permeation coefficient and
the stratum corneum/air partition coefficient. Both parameters are estimated by means of
QSPRderived from human experimental valuesdeveloped by ten Berge [38].

4.1.2.2 Dermal absorption via gas

Alsodermal uptake from air (vapour phase) may take place by diffuiba.aqueous
permeation coefficient is transformed to a dermal air permeatioeftioient as described by
Wilschut et al [39]considering vapour pressure and resistance of a stagnant air. layer
Depending on the physical activity of the subject this layesisnated to be3 cm (=at light
work) or 10cm (=at rest) thick.The totalbody surface of subjects is presented in table 17.
For the estimation of the aqueous permeation coefficidrg log octanol:water partition
coefficient(at pH 5.5, similar tthe pH ofthe stratum corneumhand, the molecular weight
arerequired.The LogKw may varyat different pH especially for organic acids and bases.
This may effecthe skin absorptiordramatically(seeexample of nicoting62]). The pH
dependent LogKow can be obtained freely via Chemsp8#gior puchased via commercial
databases.

The use ofair tight clothing can be accounted faas a dermal protection factagainst
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dermal vapor uptake The application of grotectionfactor of 2will halve theexposure
concentrationof the skin to air

Table T. Total body surface of subjedtsiIndusChemFate

No. Standardised subject Total body surface (in cm?2)

. Normal man (in rest) 18,000
. Obese man (in rest) 18,000
. Normal man (light work) 18,000
. Obese man (light work) 18,000
. Normal waman (in rest) 16,000
. Obese woman (in rest) 16,000
. Normal woman (light work) 16,000
. Obese woman (light work) 16,000
. Normal child (in rest) 6,000
. Obese Child (in rest) 6,000
. Normal child (playing) 6,000
. Obese child (playing) 6,000
. Mouse (experimental study) 450

. Rat (experirental study) 100

4.1.3 Oral absorption

IndusChemFate simulatesal intake of compoundsisa bolusdosethat is applied to the
intestinal lumen (via the stomachknd thenreleasedto the intestinaltissueat afirst order
rate. From the intestines the compound is released to the blood streamatdsthe liver
(portal vein).Thefirst order releaseaate is defined as the velocity at which the oral dose is
absorbedby the intesthal tissug(as a fraction of the dosi@ the lumenper hour) Stomach
and intestines are lumped in the mod@&lhe oral dose time of dosingand theabsorption

rate are the required input parametsrfor oral uptake inthe PBTKnodel IndusChemFate
(seetable 18). Also repeated dosing {1 days) over week(s) can be entered in the
simulation.

Tablel8. Oral exposure parameters t¢tfie PBTKnodel IndusChemFate

LR T |

e Frgnns e [

G D F G

1 Parameters Airborne Expasure
2 Concentration parent (mg/m3)
3 Time of start of airborne exposure {hours)
4 Duration of airbarne exposure per day {hours/day)
5 Respiratory protection factor {=>1)
& Dermal protection factor (air tight clothing => 1)
7
& Parameters Dermal exposure to parent compound Calculste
S Skin deposition purs substance (mg/em2/hour) )
10 Start of skin exposure (hours) | []
11 Duration of skin exposure per day (hours/day) | [
12 Skin temperature (centigrade) | 25
13 Affected skin area (em2) 7500
14 Save
15 |Parameters of oral absorption calculations
16 to stomach of parent (me/kg bwit) ) in text file
17 |Time of application (time in hours) 0
18 rate into intestinal tissue (1/hour) 3
19
20 Setting of s
21 Select human or experimental animal subject (1-14) 1
22 Length of exposure period (in days) | 7 View

: 1irm in 2 weak (110 7) 5 P §
] e ) e}
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4.2 Distribution

Storageof a compoundn the body is stronglynfluenced bythe partitioningover bloodand
certain tissues Enterohepatic circulatiorof a compound may increase the halflife in the
body.

4.2.1 Tissue partitioning

4.2.1.1 Human tissue:blood

For theblood:tissue partitioning the QSPR algorithm as described by De Jongh et al. ( 1997)
has been appliedTheydescribe the distribution of compounds between blood and human
body tissues as a function of water and lipid content of tissues and-thetanol:water
partition coefficient (). Experimental octanol:water partition coefficients of the 24
compoundswere used for calibration of the model for human tisdeieod partition
coefficients. As De Jongat al. presented algorithms for only 5 tissue types and the
IndusChemFate model consists oftlsbuecompartments, some compartments of the
model share thesame partitioning algorithm (see tabl®). This selection is based on the
lipid fraction of the tissuéWoodard and White, 1986)

Table B. Aggregation of tissues ftire prediction oftissue:blood partitioning.

Tissue Adopted tissue similarity in IndusChemFate model

Fat Fat
Liver Liver,Intestine

Muscle Muscle, Bone, Heart, Lung, Skin
Kidney Kidney
Brain Brain, Bone marrow

As an example, the algorithm for the brain:blood partition coefficisrghown as formula.

0.133* K% +0.775
PCtb = ow - 021
0.0056* K% + 0.830 ()

With:
PCb = brain:blood partition coefficient
Kow = octanol:water partition coefficient

Theoctanol:water partition coefficients were taken at the physiological pH of 7.4. This
considers the speciation of extent of ionization of the substance. These dataretrieved
from databases of physicahemical properties of chemical&€RI suite database of tERPA
(2009), the Chemspider database (RCS, 2009)}

Application of this equation to adipose tissue results into negative partition icoefdts in
case of Lg(Kkw) < 0.4. This has no scientific meaning. So if thetmartcoefficient adipose
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tissueblood is estimated to be smali than 0.1, the adipose tissu#ood partition
coefficient is fixed to 0.1

PBTKmodel IndusChemFateersion 200 - User manual

4.2.1.2 Rattissue:blood

The rat tissudnlood partition coeficients were derived in a different walformation on

lipid and water content was only available for 3 organs. Therefore an alterr@BRRvas
developed The logarithm of theatio between rat organ tissue:air and rat bload: partition
coefficients Meulenberg et al 2000yvas plotted against the log(Kow). Above a log(Kow) of
5 and below a log(Kow) ef the organ tissue/bloogartition coefficient did nothangeany
more. At a log(Kow) larger than 5, the partition coefficient is controlled by the odifat
content between tissuand blood Equally, below a log(Kow) df the tissue/bloodpartition
coefficientdoes not decrease and probably controlled by the ratio between the water
content of organ tissuand blood So regression equations weederived for the organ
tissueblood patrtition coefficient, in which the independent variable log(Kow) prednzts
log(partition organ tissudlood). In case of adipose tissue a polynomial equation of log(Kow)
of the second degree was used to predict the(dmjpose tissue/blood) raticAt a log(Kow)<

1, the tissueblood ratio was used as predicted by log(Kow)-At a log(Kow) > 5the
tissueblood ratio was used as predicted by log(Kow)= 5

4.2.1.3 Mouse tissue:blood

Experimental partitioning data of tissue téolod in mice were not available. Therefore,
tissue:blood partition coefficient in mice was regarded as equal to value ifbeatsuse of
comparable lipid contents of organ tissue between rats and mice.

4.2.2 Enterohepaticrecirculation

Phase Il metabolism wittonjugation of metabolites generally increases the solubility.
Enzymes produced by intestinal bacterguch as fylucuronidase, sulfatase, and various
glycosidasesdeconjugate these compounds in the intestines, releasing the parent
compounds after with these are readily reabsorbed across the intestinal wall to the blood.
This results in enterohepatidrculationof conjugated metaboliteésee fig.7).
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&

|_| oral dose
YStomach
Blood —> |
Compound E===) ¢
Intestines
bile
< ~ .
< Liver

Figure 7 Schematic of the Enterohepatic circulation

Only £w published PBPK models considerezahepaticrecirculation (Teeguarden et al.,
2005; Collins et al1,999). These models require experental data for transferates. In our
model we applied a generic approach: it incorporates enterohepaticculation by defining
the ratio of excretiorto bile relative to excretion to the blood. This ratio is defined as the
fraction of the amount of a metabolite in liver tissue that is excreted to the intestinal lumen
via bile.

This rato is defined as the fraction of the amount in liver tissue thaixsreted to the
intestinal lumen via biledivided by the fraction that leaves the liver via venous blood at the
same time If the removalatio from the liver by enterohepaticecirculation is set to 1, 50%
of the total amount that leaves the liver penit of time is excreted to blood and 50% to the
intestinal lumen via bile.

4.2.3 Protein or plasmalnding

No specific attention is paid to protein or plasma bindihgs consideredhat it isincluded
to someextent in the QSPRilgorithms forblood:air and Ibbod:tissuepartitioning, since
these are derived from experimental opservations

4.3 Elimination

The chemical in the human body is eliminated in the model by two processes: metabolism
(or biotransformation) and direct excretion in air or urine.

4.3.1 Metabolism
Biotransformation is described by Michadlienten saturable metabolism following the
mathematical algorithms as described by Ramsey and And€ét884) The (parent)
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compound is metabolised by a set of (iso)enzynissially one or more metabolite(s) are
produced. Metabolites may either undergo further metabolisrmuaty be excreted.

The occurrence of metabolism is not limited to the liver compartment, but can be
considered in any of the 11 model compartments. However, the desettiingis
metabolism inthe liver only.Metabolic kinetic parameters are the maximum veloaty
metabolism (= Maxin umol/(kg tissue*h) and the Michaelid/enten constant (&, in uM).
Preferably these values are taken form experimental data with human ti¥gben parallel
metabolic pathways are involved, the,M%andk,, -values for a specific metabolite
production can be set as different from those the parent compound. That is possible
because the model considers both removal of the parent compound and production of
metabolite as separate steps. That means the biotransformation of the parent compound
occurs for only x% into the metabolite of interest and for ()% into other (unknown)
metabolites.That is how the stoichiometric yield of each step is set.

Vmax@ndky metabolism constants of a series of VOC have recently been summarized
(Aylwardet al, 2010).

4.3.2 Urinary excretion

Substances can be excreted via urine, either unchanged as parent compound or as a
metabolite. A scheme of renal clearancéahemicals is shown iigiure 8 DeWoskin and
Thompson (2008) published a paper in which renal clearance is modeled in great detalil,
however, the required input data transcentlge application in a generic modeé¥langa et al
(2003) showed that log Kow is a predictive determinafntirinary excretion of drugs in
humans, among other determinants.

Renal arterial blood

Glomerular

Ultrafiltration
Tubular Resorption
% Renal venous blood
=) Blood
ﬁ} Compound / Metabolite Urine

Figure 7 Scheme of renal clearance of chemicals

In the PBTKmodelIndusChemFatehe renal excretion isstimated based othe log(Kow)
using3 algoritms(with log(Kow) at pH 7.4)
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1. It affects the soluble fraction in bloodVe used he QSPR as developed byJDregh et
al. (1997) that calculates the solubility in blood based on lipid fractions in bidad
is adopted in the syntax of the model. It is assumed thahan blood contas 0.7%
lipids. See formula 6.

0.993 (6)
0.993+ 0.007* 10-09(Kow

Frwsol =

With:
Frwsol = blood solubility of the compound
Log&ow) = Log(octanol:water partitionoefficient)

2. It estimates theubular resorptionaccording to the followg equation:

Fraction tibular resorption= Normal Distr(log(Kow);0.5, 05) )
With:
Logkow) = Log(octanol:water ptition coefficient)
Sigmoide resorptiocurvewith Log(Kow) =0.5 as midpointand with SD 8.5

Fig.9 shows the graplof thissigmoiderelation of tubular resorption as dependant
from log (Kow)

Fraction tubular resorption

1.0 T T —

0.8 |

0.6

/
w1
0.0 4‘/

30 25 -20 15 10 -05 00 05 10 15 20

Log(Kow)

Figure9. Fraction of the tubular resorption as dependant from Log (Kow).

3. If the estimated tubular resorption is smaller than 0.01, the value is fixed ta 0.01
the estimated tubular resorption is larger than 0.99, the value is fixed to.0.99

SimCyp, an onlinealculation tool also calculates the unbound fraction in plagrdd Table
20 showsthe valuesof the estimatedblood solubilityaccording to DeJong et al (1997) and
SimCygdor some industrial chemicall.should be noted that SimCyp intends to predict
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unbound fraction ofpharmaceutica, whereas the QSPR by De Jongh mostly focus on
industrial chemicals.

Table20. Calculated solubility in blood for some compounds using different resources

Compound LogKow) Calculated solubility in blood
DeJongh[37] SimCyd74]

Acetaldehyde -0.16 99.5% 78.0%
Benzene 2.22 46.1% 23.0%
Butadiene 1.86 66.2% 31.0%
Ethanol -0.19 99.5% 79.0%
Methanol -0.82 99.9% 88.0%
MTBE (Methytert-butyl-ether) 1.15 90.9% 48.0%
NMP (Nmethykpyrrolidone) -0.31 99.7% 81.0%
Propene 1.84 67.2% 31.0%
Pyrene 5.17 0.1% 1.4%
Toluene 2.68 22.9% 16.0%

The glomulairdiltration rate in the the PBT6o0del IndusChemFate model is set at 0.08 of
the renal bloaflow. Glomulaire filtration for mouse and rat is set at 0.16.

The urine productiorof humanss set t00.0214 L/kg BW/24 (=15 L/day). The urine
production of rats is set to 0.2 L/kg BW/24 h. The value for mice is 0.05 ml/kg BW/24 h.
The urinary cocentrationsare reportedin micromole per liter urineThis unittan be
recalculated to microgram/gram creatinine micromol /mol creatinineusing the amount of
daily excretion of creatininf/5].

4.3.3 Exhalation

The parent compound (or any metabolite) can be exhaled and may then play a role in
elimination. The exhaled concentration consists of a mixture of the inhaled air concentration
(air that has not reached the alveoli) aalyeolar air. The concentration of a compound in

the alveolar space of the lungs (Calv in figli@gis determined by the blood concentration

in the (arterial) lung blood and the blood:air partition coefficient.

Lung Blood

Figure 10 Schene of exhalationof chemicals.

The amount of a compound (parent and/or metabolite) that is exhaled, is calculated by
multiplying the alveolar concentration (Calv) by the alveolar ventilation (=inhalation rate in
liters per hour).
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4.3.4 Bile and Fecal excretion

Fecal excretiolmas notbeenmodeled as a separate excretion pathwayhe PBTKnodel
IndusChemFatdt is considered as a minor excretion pathwadyolatile and semvolatile
environmental and occupational contaminanter which inhalation and dermal exposure is
the main exposure route .
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Each tissue compartment in thHedusChemFateodelis, similar to all PBPK models,

described with a masisalance ordinary differential equation. These equations describe the
change of amount of chemical pggsue over time. The equationsed inthe PBTKnodel
IndusChemFatare in accordance with the generally accepted mathematical representation
of PBPK modeling, although some abbreviations are different from those reported elsewhere
[41, 68]
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5 Differential equations

5.1 Absorption by inhalation

Qflow* CLungVer[ J] + Alvvent* Cinh[ J]

C'“”Q_aft[ J] Qflow + Alvvent/ Rblood/air[j] eq 1
Calv.air[ J] = M eq 2
Rblood/air [ J]
CGLungadi] =Concentration substancg[in arterial blood flowing from lung (uMol/litre)
CGlungved] =Concentration of substanggfin venous blood entering lung (uMol/litre)
Qriow = Cardiac output ( litres/hour)
AlvVent =Alveolar ventilation ( litres/hour)
Gnnlj] =Concentration of substancg jn inhaled air (uMol/litre)
Roioodrairl]] =Blood/air partition ratio of substanceg]| estimated byQSPR36].
Gav.aifl] =Conc substancg][in alveolar air

5.2 Mass flows

The equations below describe the mass change of the parent compound (j=0) and its
succeeding metabolites (j=1 to 4) in time. These mass changes apply to all organs considered
and relate to the fractiorof the cardiac output to the specific org&l,g and to the

metabolic removal and formation of the parent and its metabolites.

5.2.1 Generic mass flow in organs

Parent substance (j=0) (€3).

dAm 0] _ Coro[O]

V o*Vv,,*C,.[O0
=Q, %art [0] _ rra)ﬁem[ ] org org[ ]
dt 99 Rorg/ver[o]

Krnrem[o] + Corg [0]

Q

0 -
e
Metabolites (j=1 to 4) (ed)
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o

dAm,,[]] - fil- Coglil 8 VMBXerl JTVorg * Corgl 1] | VMBXiorml | - T* Vg * Corg [ - 4
dt °rg?a" Rorgrver 112 KMy, [ i1+ Copl ] Kmyy[ -1+ Colj- 1
AMgrglj] = Mass of substance j in organ (uMol)
Qorg = Arterial blood flow to organ (fraction of cardiac output) in litres/hour
Gartll] = Concentration substancelj] pMol/litre in arterial blood.
Corgll] = Concentration substance [j] pMol/kgangan tissue
(density tissue is 1 kg/ litre)
Rorgvenl]] = Organ tissue/blood partiton coefficient of substance [j],
estimated byQSPR37]
VMmaXen[j]] = Maximum biotransformation in pMol/kg tissue/hour in subst[j+1]
from substance [j]
Vorg = Volume of organ (litre)
KMeml[j] = Concentration substance [j] pMol/kg tissue, at which the biotransformation

rate into substance [j+1] from substance [j] is half maximum

VmaXom[j-1] = Maximum biotransformation in pMol/kg tissue/hour in substance [j] from
substance fl]

Kmom[j-1] = Concentration substance [j] puMol/kg tissue, at which the biotransformation
rate into substance [j] from substancelj is half of the maximum

However, there are some organs that deserve special attention and additional source and
removal contributing to mass changes have to be formulated.

5.2.2 Mass change in liver tissuadditional to generic mass change
The formula beloweq5) should be added to the generic mass flow descrip{en4).

Mass change in the liver tissueqg(b)

. C. .. [i wverl ]
dArrHver[J] :[eq4] + Q * |ntest|neIJ] Qi *M - Removaé *Aaner[j]

dt riesthes I%ntestine$ver[j] restnes I%iverlver{j] e
AMivedi] = Mass of substance j in the liver (uMol)
Qhntestines = Arterial blod flow to the intestines in litres/hour
Chtestined]] = Concentration substance [j] (uMol/kg) in the intestines
Rntestinesved]] = Intestine tissue/blood partiton coefficient of substance [j]
Givel]] = Concentration substance [j] (uMol/kg) in theeli tissue
Rivernvenl]] = Liver tissue/blood partiton coefficient of substance [j]
AMived]] = Mass of substance [j] (uMol) metabolised by the liver tissue

The removal from the liver into the bil&émoval) is expressed as the fraction of the mass
[]] in the liver per hour, discharged via the bile in the intestinal lumen. In the input
information for running the program, this removal via the bile has to be indicated relative to
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the removal of the mass in the liver via the venous blood flow out eflitrer. The software
assigns the proper value to the removal from the liver into bile as the fraction of the mass|j]
in the liver per hour.
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5.2.3 Mass change in the lumen of the intestines

Mass change in the intestinal lumeerq(6)

dA j
n%tecs;tlumer[ j] = RemOVaJ;"e * AM Iiver[ J] - 03* Amntest Iumer[ J]

AMpnestiumen]]] = Mass of substance j in the intestinal lumen (pMol)

It is assumed that the mass [j] in the intestinal lumen, released via the bilealssm@bed in
the intestinal tissue with a rate of 0.3 per hour.

5.2.4 Mass change in intestinal tissuadditional to generic mass change
The formula beloweq.7) should be added to the generic mass flow descrip{en4).

Mass change in the intestinal tissuex(7)

dAn?ntestineI J] — dArrilntestine[ J]
dt dt

+ AbsRaté Bolug j] + 0.3* Am,, . [i]

Amnesined]] = Mass of substance j in the intestinal tissue (LMol

It is assumed, that the mass in the intestinal tissue is increased by an oraBibss]i
pnMoles, which is absorbed form the intestinal lumen in the intestinal tissue with the rate
AbsRatg1/hour) and by the reabsorption of the mass]i] from thatestinal lumen, released
via the bile, with a rate of 0.3 per hour.

5.2.5 Mass change in dermal tissusdditional to generic mass change
Dermal absorption is generally assumed to occur for the parent compoa@dajpd is
dependent on:

The dermal absorptiorux consists of two parts:
Intermittent dermal exposure to liquid.
Dermal exposure from the ambient air.

The formula beloweq8) should be added to the generic mass flow descrip{eq4).
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+ [Intermittent Liquid Exposurg+ [Rate,, . [i]
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Mass change in the dermal tisswex|(8)
dAm,{ ] - dAm{ ]
dt dt

Amgidj] = Mass of substance [j] in the skin (uMol)

Dermal exposure from ambient agd.9)
Rate,, ar [ 1] = Kpy,,[1]* Surfac%ody* C.[]1/1000

. 76 . 76 . R*T *WSOUb[ J]
Kair— rest =36* | ——— Ka\ir—i t- activi =120* |—r Kwa e —— eg 9
[] MW ] ligh ty[J] MW ] [] MWL T VL] (eq 9)
: 1
Kpair-x[J] = 1 1 (eq 10)

. . + .
Kool 11* Kyl 1T Ko L]

Rateskinailj]] = Dermal absorption rate of substance [j] from air into the skin [dermis]

(mg/crf/hour)

Kpuirx[j] = Dermal permeation coefficient of substance [j] through the skin from air
as vehicle

Kaird]] = Permeation coefficient of substance [j] through air layer around the skin,
dependent on K.{j] ,related to worker ativity (cm/hour)

Kwalj] = Water/air partition coefficient of substance [j] to adapti{j} to absorption
from air

K] = Aqueous permeation coefficient of substance [j] in cm/hour, estimated by
QSPRten Berge 200938))

Gill] = Concentration of substance [j] in air (uMol/litre)

Surfacg.y = Surface area of the body thfe study subject

R = Gas constant (8.314 Joule/Mol/°K)

T = Skin surface temperature (°K)

Wosoud]] = Water solubility of substance [j] (gram/gir

Mw/[j] = Molecular weight of substance [j].

Vp[j] = Vapour pressure of substance [j] at skin surface temperature (Pascal)

5.2.6 Mass change in kidney tissusdditional to generic mass change
The formula beloweq.11) should be added to the generic mass fldescription(eq4).

Mass change in the kidney tissuez|(11)
dArn(idne)[ J] — dArn(idne)[ J]
dt dt

- GlomFiltr * Fr, picrsaipiel 11 REMOVigne ] 11% Quigney™ Canl i1
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GlomFiltr = Glomerulus filtrate as fraction of renal arterial folow

Frvatersolubidj] = Fraction of substance [j] in arterial blood, that is dissolved in water
Removianeyj] = Fraction removed from the glomerulus filtrate and excreted with urine
Removiane|j] = 1¢ Fraction tubular resorption

X 2
Fractiontubular resorption= ﬁexp(rth/Z) dt

x =2* (log(Kow) + 0.5)

If the estimatedfraction oftubular resorption is smaller than 0.01, the value is fixed to 0.01.
If the estimated tubular resorption is larger than 0.99, the value is fixed to 0.99.
(See also §4.3))
Qxidney = Fraction of cardiac ouput to the kidney (litres/hour)
Gartl] = Concentration substance [j] uMol/litre in arterial blood

5.3 Concentration inarterial blood (entering the organ$

dA ' . :
Pl = @ * €y walil - Cull) 012
: Aol 1]

C - rt.vol e 13

artl 1] ArtVol el
AMrivolj] =Mass of substancej][in arterial blood volume
Gung_arlj] =Conc substancg]in arterial blood flowing from lung (uMol/litre)
Gartl]] =Conc subsj] in arterial blood floving to organs (uMol/litre)
Qriow = Cardiac output ( litres/hour)
ArtVol =Volume of arterial blood.
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5.4 Concentration in venous bloogentering the lung

Notliver, notintestines

ArrbrgVer[ J] = a Qorg * Corg[ J] / Rorg/ver{ J] + (Qntestines + Qliver) * CIiver[ J] / I%iver/ver{ J] eq‘ 14

Sumall organs

Cver{ J] = AnbrgVer[ J] / Qflow eq‘ 15
dAM,ngvel i] . .

TQV = Qflow* (Cver[J] - CLungVer[J]) €eq 16
CLungVer[ J] = Arn_ungVer[ J] /VenVOI eq' 17
Amogved]]  =Mass of substancg][in blood flowing out of all organs

Gred]] =Concentration of substancg jn mixed venous blood from all organs
Amuungvelj] =Mass of substancg][in venous blood volume entering the lung

CLungvell] =Concentration of substancg jn venous blood entering the lung
VenVol =Volume of venous$lood in the body
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6 Interpretation of model outcomes

The PBTH#hodelIndusChemFate offeis freemodeling platformbased on weilknown
softwarethat only requireseasy availableénput parameters. Aditional modeling or
programmingskillsis not required, btubasic knowledge of toxicokinetics is necessary to
understand

The accuracy of the model prediction is illustrated by simulating experimental observations.
Published experimental inhalation and dermal exposure studies on a series of different
chemicalsgyrene, Nmethykpyrrolidone, methyitert-butylether, heptane, zbutoxyethanol

and ethanol) were selected to compare the observed data with the meielilated data.

The examples show that the modaledicted concentrations in blood and/or urine after
inhalation and/or transdermal uptake have an accuracy of within an order of magnitude
(Jongeneelen & ten Berge 204,120110).

Model simplifications as introduced for physiological processiespletubular resorption,
gastrointestinal absorption, enterohepatcirculation absence ofecal excretion etc.) may
decrease thegrecision of the model outcomes, but will make thge of the modeéasier
due to thelimited input data.

Simulationswith the modelresult insinglepoint estimates per unit of timeNo bandwidth

nor distributionwith upper and lower confidenciaitervals are presentedrhe model is
aimedto predict within one order of magnitude, corresponding to interindividual
differences. As many parameter values are involved reliability of the nodel outcomes
strongly depends on the qualifpr reliability)of the input databut also the variability
Variability of input data is nautomaticallyassesseas no distributions are used.
Nevertheless the model calculates quick enough to use a rahgdevant parameters to get
some feeling of the impact of parameter variability.

The objectives of the assessment that is performed withmodellndusChemFate can be
different. In terms of risk assessment a worst case estimate can be of interestlasilee
assessment of the most probable exposure scenario. Also route to route extrapolation is
possible with the model. The model can also support first interpretation of, for instance,
blood or urine samples.

A simplePBTKmodelthat requires minimainput information willhelpthe general
understanding of toxicokinetics and can also be useful to educate students and scientists in
the biomedical sciences on PBPK/PBidelling.

In summary, we have demonstrated that the developed RBBHel can be pplied to

multiple compounds with a degree of accuracy that can be regarded as a screening tool or as
a first tier assessment. Such a first level model can exploit the results of environmental and
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occupational monitoring and modelling programs to deduce ithutes of uptake, tissue
concentrations, and body burdens. This PBPK model can contribute to an improved
assessment of uptake of environmental and occupational contaminants.

In conclusion, the PBTKHodel IndusChemFate is a model for first tiesoreenng purposes,
suitable in cases when only little is known of the toxicokineticsatfrapound. @e should
realise that outcomes of the model should be interpreted within an accuracy of an order of
magnitude. Especially when the quality of input data istéchthe output of the model
outcomes become more uncertain.
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Appendix 1: Physiology parametsrof 12 human subjects andwo

experimental animals

Physiologyof Subjectsin InduschemFate 2.00

Case 1

BodyWt# = 70 'kg normal man

FrAt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 'fraction venous blood
VolBlood# = 0.0832 * BodyWt# 'litre
VolBlungArt# = FrArt# * VolBlood# 'volume arterial blood
VolBlungVen# = FrVen# * VolBlood# ‘volume venous blood
VolAdip# = 0.184 * BodyWt# 'litre

VolBone# = 0.0589 * BodyWt# 'litre

VolBrain# = 0.0192 * BodyWt# 'litre
VolHeart# = 0.0051 * BodyWt# 'litre
VolKidney# = 0.0046 * BodyWt# 'litre
Vollntest# = 0.0222 * BodyWt# 'litre
VolLiver# = 0.0225 * BodyWt# 'litre
VolLungs# = 0.0144 * BodyWiitré

VolMuscle# = 0.4576 * BodyWt# 'litre
VolSkin# = 0.0553 * BodyWt# 'litre
VolMarrow# = 0.0729 * BodyWt# 'litre
TotSkin# = 18000 'body surface cm2
SkinFac# =1 ‘ratio skin permeability
UrinFlow# = 0.0214 ‘litre/kgbw/day
GlomFiltr# = 0.08 ‘fraction of renal arterial flow

‘Normal man in rest

CardOutp# = 6 * BodyWt# 'litres per hour
AlvVent# = 7 * BodyWt# 'litres per hour

FrAdip# = 0.08226 ‘'fraction cardiac output rest
FrBone# = 0.04139 ‘fraction cardiac output rest
FrBrain# = 0.098} ‘fraction cardiac output rest
FrHeart# = 0.10536 ‘fraction cardiac output rest
FrKidney# = 0.16886 ‘fraction cardiac output rest
FrLivWen# = 0.152 ‘fraction cardiac output rest
FrLivArt# = 0.0381 'fraction cardiac output rest
FrLung# = 0.0234fraction cardiac output rest
FrMuscle# = 0.13711 ‘fraction cardiac output rest
FrSkin# = 0.06783 ‘fraction cardiac output rest
FrMarrow# = 0.08515 ‘'fraction cardiac output rest

Case 2

BodyWt# = 80 'kg obese man

FrArt# = 0.3 'fraction arterial bbal

FrVen# = 0.7 ‘fraction venous blood
VolBlood# = 0.06787 * BodyWt# 'litre
VolBlungArt# = FrArt# * VolBlood# ‘volume arterial blood
VolBlungVen# = FrVen# * VolBlood# 'volume venous blood
VolAdip# = 0.33458 * BodyWt# 'litre
VolBone# = 0.04805 * BodyWtkire

VolBrain# = 0.01563 * BodyWt# 'litre
VolHeart# = 0.0042 * BodyWt# 'litre
VolKidney# = 0.00373 * BodyWt# 'litre
Vollntest# = 0.01808 * BodyWt# 'litre
VolLiver# = 0.01831 * BodyWt# 'litre
VolLungs# = 0.01178 * BodyWt# 'litre
VolMuscle# = 0.3718 * BodyWt# 'litre
VolISkin# = 0.04513 * BodyWt# 'litre
VolMarrow# = 0.05948 * BodyWt# 'litre
TotSkin# = 18000 'body surface cm2
SkinFac# =1 'ratio skin permeability
UrinFlow# = 0.0214 'litre/kgbw/day
GlomFiltr# = 0.08 ‘'fraction ofrrel arterial flow

'‘Obese man in rest

CardOutp# = 6 * BodyWt# 'litres per hour
AlvVent# = 7 * BodyWt# 'litres per hour

FrAdip# = 0.08226 ‘'fraction cardiac output rest
FrBone# = 0.04139 ‘fraction cardiac output rest
FrBrain# = 0.09814 ‘'fraction cadioutput rest
FrHeart# = 0.10536 ‘'fraction cardiac output rest
FrKidney# = 0.16886 ‘fraction cardiac output rest
FrLivWen# = 0.152 ‘fraction cardiac output rest
FrLivArt# = 0.0381 ‘fraction cardiac output rest
FrLung# = 0.0234 ‘fraction card@dput rest
FrMuscle# = 0.13711 ‘fraction cardiac output rest
FrSkin# = 0.06783 ‘fraction cardiac output rest
FrMarrow# = 0.08515 ‘fraction cardiac output rest

Case 3

BodyWt# = 70 'kg normal man

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7fraction venous blood

VolBlood# = 0.0832 * BodyWt# 'litre

VolBlungArt# = FrArt# * VolBlood# 'volume arterial blood
VolBlungVen# = FrVen# * VolBlood# 'volume venous blood
VolAdip# = 0.184 * BodyWt# 'litre

VolBone# = 0.0589 * BodyWt# 'litre

VolBrain# .0192 * BodyWt# 'litre

VolHeart# = 0.0051 * BodyWt# 'litre

VolKidney# = 0.0046 * BodyWt# 'litre

Volintest# = 0.0222 * BodyWt# 'litre

VolLiver# = 0.0225 * BodyWt# 'litre

VolLungs# = 0.0144 * BodyWt# 'litre

VolMuscle# = 0.4576 * BodyWt# 'litre

VolSkn# = 0.0553 * BodyWt# 'litre

VolMarrow# = 0.0729 * BodyWt# 'litre

Case 4

BodyWt# = 80 'kg obese man

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 'fraction venous blood

VolBlood# = 0.06787 * BodyWt# 'litre

VolBlungArt# = FrArt# * VolBlood# ‘volume arterial blood
VolBlungVen# = FrVen# * VVolBlood# 'volume venous blood
VolAdip# = 0.33458 * BodyWt# 'litre

VolBone# = 0.04805 * BodyWt# 'litre

VolBrain# = 0.01563 * BodyWthitre

VolHeart# = 0.0042 * BodyWt# 'litre

VolKidney# = 0.00373 * BodyWt# 'litre

Volintest# = 0.01808 * BodyWt# 'litre

VolLiver# = 0.01831 * BodyWt# 'litre

VolLungs# = 0.01178 * BodyWt# 'litre

VolMuscle# = 0.37318 * BodyWt# 'litre

VolISkin# = 0.04513BodyWt# 'litre

VolMarrow# = 0.05948 * BodyWt# 'litre
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TotSkin# = 18000 ‘'body surface cm2

SkinFac# =1 'ratio skin permeability
UrinFlow# = 0.0214 'litre/kgbw/day

GlomFiltr# = 0.08  ‘fraction of renal arterial flow

'Normal man light work

CardOutp# = 9 * BodyWt# 'litres per hour
AlvwWent# = 18 * BodyWt# 'litres per hour

FrAdip# = 0.06957 ‘fraction cardiac output rest
FrBone# = 0.035 ‘fraction cardiac output rest
FrBrain# = 0.08299 ‘fraction cardiac output rest
FrHeart#= 0.1057 ‘fraction cardiac output rest
FrKidney# = 0.14279 ‘fraction cardiac output rest
FrLivVen# = 0.12888 ‘'fraction cardiac output rest
FrLivArt# = 0.03222 ‘fraction cardiac output rest
FrLung# = 0.01978 ‘'fraction cardiac output rest
FrMusclét = 0.25369 ‘fraction cardiac output rest
FrSkin# = 0.05736 ‘fraction cardiac output rest
FrMarrow# = 0.07201 ‘fraction cardiac output rest

TotSkin# = 18000 'body surface cm2
SkinFac# =1 'ratio skin permeability
UrinFlow# = 0.0214 'litre/lkgbw/day

GlomFiltr# = 0.08 ‘fraction of renal arterial flow

'‘Obese man light work

CardOutp# = 9 * BodyWt# 'litres per hour
AlvwWent# = 18 * BodyWt# 'litres per hour

FrAdip# = 0.06957 ‘'fraction cardiac output rest
FrBone# = 0.035 ‘fraction cardiac output rest
FrBrain# = 0.08299 ‘fraction cardiac output rest
FrHeart# = 0.1057'fraction cardiac output rest
FrKidney# = 0.14279 ‘fraction cardiac output rest
FrLivVen# = 0.12888 ‘'fraction cardiac output rest
FrLivArt# = 0.03222 ‘fraction cardiac output rest
FrLung# = 0.01978 ‘fraction cardiac output rest
FrMuscle# = 0.25368raction cardiac output rest
FrSkin# = 0.05736 ‘'fraction cardiac output rest
FrMarrow# = 0.07201 ‘fraction cardiac output rest

Case 5

BodyWt# = 60 'kg normal woman

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 ‘fraction venous blood

VolBloodf = 0.0744 * BodyWt# 'litre
VolBlungArt# = FrArt# * VolBlood# 'volume arterial blood
VolBlungVen# = FrVen# * VolBlood# ‘volume venous blood
VolAdip# = 0.281 * BodyWt# 'litre

VolBone# = 0.0491 * BodyWt# 'litre

VolBrain# = 0.0216 * BodyWt# 'litre

VolHert# = 0.0054 * BodyWt# 'litre

VolKidney# = 0.0047 * BodyWt# 'litre

Volintest# = 0.026 * BodyWt# 'litre

VolLiver# = 0.0243 * BodyWt# 'litre

VolLungs# = 0.0156 * BodyWt# 'litre
VolMuscle# = 0.3774 * BodyWt# 'litre

VolISkin# = 0.06 * BodyWt# 'litre

VolMarrow# = 0.0606 * BodyWt# 'litre

TotSkin# = 16000 'body surface cm2

SkinFac# =1 ‘ratio skin permeability
UrinFlow# = 0.0214 'litre/kgbw/day

GlomFiltr## = 0.08  ‘'fraction of renal arterial flow

'Normal woman in rest

CardOutp# = 5 * BlyWt# 'litres per hour

AlvVent# = 5 * BodyWt# 'litres per hour

FrAdip# = 0.1421 ‘fraction cardiac output rest
FrBone# = 0.02963 ‘fraction cardiac output rest
FrBrain# = 0.09523 ‘fraction cardiac output rest
FrHeart# = 0.14512 ‘fraction cardiac pult rest
FrKidney# = 0.12849 ‘fraction cardiac output rest
FrLivVen# = 0.16326 ‘fraction cardiac output rest
FrLivArt# = 0.04081 ‘fraction cardiac output rest
FrLung# = 0.02407 ‘fraction cardiac output rest
FrMuscle# = 0.09523 ‘fraction cardiadmut rest
FrSkin# = 0.07709 ‘fraction cardiac output rest
FrMarrow# = 0.05895 ‘'fraction cardiac output rest

Case 6

BodyWt# = 70 'kg obese woman

FrArt# = 0.3 'fraction arterial blood

FrVen# = 0.7 'fraction venous blood

VolBlood# = 0.05808 * BodyWtitré

VolBlungArt# = FrArt# * VolBlood# ‘volume arterial blood
VolBlungVen# = FrVen# * VolBlood# 'volume venous blood
VolAdip# = 0.43872 * BodyWt# 'litre

VolBone# = 0.0383 * BodyWt# 'litre

VolBrain# = 0.01684 * BodyWt# 'litre

VolHeart# = 0.00421 * BoWt# 'litre

VolKidney# = 0.00365 * BodyWt# 'litre
Volintest# = 0.02029 * BodyWt# 'litre

VolLiver# = 0.01894 * BodyWt# 'litre

VolLungs# = 0.01221 * BodyWt# 'litre
VolMuscle# = 0.29463 * BodyWt# 'litre
VolISkin# = 0.04686 * BodyWt# 'litre
VolMarrow# =0.04728 * BodyWt# 'litre

TotSkin# = 16000 ‘'body surface cm2

SkinFac# =1 'ratio skin permeability
UrinFlow# = 0.0214 'litre/lkgbw/day

GlomFiltr# = 0.08  ‘'fraction of renal arterial flow

'‘Obese woman in rest

CardOutp# = 5 * BodyWt# 'litrgeer hour

AlvwWent# = 5 * BodyWt# 'litres per hour

FrAdip# = 0.1421 ‘fraction cardiac output rest
FrBone# = 0.02963 ‘fraction cardiac output rest
FrBrain# = 0.09523 ‘fraction cardiac output rest
FrHeart# = 0.14512 ‘fraction cardiac output rest
FrKidhey# = 0.12849 ‘fraction cardiac output rest
FrLivVen# = 0.16326 ‘fraction cardiac output rest
FrLivArt# = 0.04081 ‘fraction cardiac output rest
FrLung# = 0.02407 ‘fraction cardiac output rest
FrMuscle# = 0.09523 ‘fraction cardiac output rest
FrSkn# = 0.07709 ‘'fraction cardiac output rest
FrMarrow# = 0.05895 ‘fraction cardiac output rest

Case 7

BodyWt# = 60 'kg normal woman
FrArt# = 0.3 'fraction arterial blood
FrVen# = 0.7 'fraction venous blood

Case 8

BodyWt# = 70 'kg Obese woman
FrArt# = 0.3 'fraction arterial blood
FrvVen# = 0.7 'fraction venous blood
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VolBlood# = 0.0744 * BodyWt# 'litre

VolBlumgArt# = FrArt# * VolBlood# 'volume arterial blood
VolBlungVen# = FrVen# * VolBlood# ‘volume venous blood
VolAdip# = 0.281 * BodyWt# 'litre

VolBone# = 0.0491 * BodyWt# 'litre

VolBrain# = 0.0216 * BodyWt# 'litre

VolHeart# = 0.0054 * BodyWt# 'litre

VoKidney# = 0.0047 * BodyWt# 'litre

Vollntest# = 0.026 * BodyWt# 'litre

VolLiver# = 0.0243 * BodyWi# 'litre

VolLungs# = 0.0156 * BodyWt# 'litre

VolMuscle# = 0.3774 * BodyWt# 'litre

VolSkin# = 0.06 * BodyWt# 'litre

VolMarrow# = 0.0606 * BodyWt# tie

TotSkin# = 16000 'body surface cm2

SkinFac# =1 ‘ratio skin permeability

UrinFlow# = 0.0214 'litre/kgbw/day

GlomFiltr# = 0.08  'fraction of renal arterial flow

‘Normal woman light work

CardOutp# = 8 * BodyWt# 'litres per hour
AlvVent#= 13 * BodyWt# 'litres per hour

FrAdip# = 0.12046 ‘fraction cardiac output rest
FrBone# = 0.02512 ‘fraction cardiac output rest
FrBrain# = 0.08073 ‘fraction cardiac output rest
FrHeart# = 0.1441 ‘fraction cardiac output rest
FrKidney# = 0.10892fraction cardiac output rest
FrLivWen# = 0.1384 ‘fraction cardiac output rest
FrLivArt# = 0.0346 ‘fraction cardiac output rest
FrLung# = 0.02041 ‘fraction cardiac output rest
FrMuscle# = 0.21193 'fraction cardiac output rest
FrSkin# = 0.06535 &fttion cardiac output rest
FrMarrow# = 0.04998 ‘'fraction cardiac output rest

VolBlood# = 0.0832 * BodyWt# 'litre

VolBlungArt# = FrArt# * Vdibd# 'volume arterial blood
VolBlungVen# = FrVen# * VolBlood# 'volume venous blood
VolAdip# = 0.184 * BodyWt# 'litre

VolBone# = 0.0589 * BodyWt# 'litre

VolBrain# = 0.0192 * BodyWt# 'litre

VolHeart# = 0.0051 * BodyWt# 'litre

VolKidney# = 0.0046 * Bp@/t# 'litre

Vollntest# = 0.0222 * BodyWt# 'litre

VolLiver# = 0.0225 * BodyWt# 'litre

VolLungs# = 0.0144 * BodyWt# 'litre

VolMuscle# = 0.4576 * BodyWt# 'litre

VolSkin# = 0.0553 * BodyWi# 'litre

VolMarrow# = 0.0729 * BodyWt# 'litre

TotSkin# = 16000body surface cm2

SkinFac# =1 'ratio skin permeability

UrinFlow# = 0.0214 'litre/kgbw/day

GlomFiltr# = 0.08 ‘fraction of renal arterial flow

'Obese woman light work

CardOutp# = 8 * BodyWt# 'litres per hour
AlvVent# = 13 * BodyWt# 'litresep hour

FrAdip# = 0.12046 ‘'fraction cardiac output rest
FrBone# = 0.02512 ‘fraction cardiac output rest
FrBrain# = 0.08073 ‘'fraction cardiac output rest
FrHeart# = 0.1441 ‘fraction cardiac output rest
FrKidney# = 0.10892 ‘fraction cardiac outpast
FrLivVen# = 0.1384 ‘fraction cardiac output rest
FrLivArt# = 0.0346 ‘fraction cardiac output rest
FrLung# = 0.02041 ‘fraction cardiac output rest
FrMuscle# = 0.21193 ‘fraction cardiac output rest
FrSkin# = 0.06535 ‘fraction cardiac outpudtre
FrMarrow# = 0.04998 ‘fraction cardiac output rest

Case 9

BodyWt# = 16 'kg normal child

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 ‘fraction venous blood

VolBlood# = 0.1014 * BodyWt# 'litre
VolBlungArt# = FrArt# * VolBlood# 'volume artebod
VolBlungVen# = FrVen# * VolBlood# ‘volume venous blood
VolAdip# = 0.2148 * BodyWt# 'litre

VolBone# = 0.0694 * BodyWt# 'litre

VolBrain# = 0.0965 * BodyWt# 'litre

VolHeart# = 0.0076 * BodyWt# 'litre

VolKidney# = 0.0062 * BodyWt# 'litre

Volintes# = 0.0264 * BodyWt# 'litre

VolLiver# = 0.0347 * BodyWt# 'litre

VolLungs# = 0.0167 * BodyWt# 'litre
VolMuscle# = 0.3402 * BodyWt# 'litre

VolSkin# = 0.0403 * BodyWt# 'litre

VolMarrow# = 0.0458 * BodyWt# 'litre

TotSkin# = 6000 'body surface cm2

SknFac# =1 ‘ratio skin permeability
UrinFlow# = 0.0214 ‘litre/kgbw/day

GlomFiltr# = 0.08  ‘'fraction of renal arterial flow

‘Normal child in rest

CardOutp# = 12 * BodyWt# 'litres per hour
AlvVent# = 10 * BodyWt# 'litres per hour
FrAdip# = 0.0611 ‘fraction cardiac output rest
FrBone# = 0.0239 ‘fraction cardiac output rest

Case 10

BodyWt# = 20 'kg obese child

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 ‘fraction venous blood

VolBlood# = 0.08022 * BodyWt# 'litre
VolBlungArt# = FrArt# * VolBlood# 'volume arterial blood
VolBlungVe# = FrVen# * VoIBlood# 'volume venous blood
VolAdip# = 0.37857 * BodyWt# 'litre

VolBone# = 0.05495 * BodyWt# 'litre

VolBrain# = 0.07637 * BodyWt# 'litre

VolHeart# = 0.00604 * BodyWt# 'litre
VolKidney# = 0.00495 * BodyWt# 'litre
Volintest# = 0.02088 BodyWt# 'litre

VolLiver# = 0.02747 * BodyWt# 'litre

VolLungs# = 0.01319 * BodyWt# 'litre
VolMuscle# = 0.26923 * BodyWt# 'litre
VolISkin# = 0.03187 * BodyWt# 'litre
VolMarrow# = 0.03626 * BodyWt# 'litre
TotSkin# = 6000 'body surface cm2

SkinFac# % ‘ratio skin permeability
UrinFlow# = 0.0214 ‘litre/kgbw/day

GlomFiltr# = 0.08 ‘fraction of renal arterial flow

'‘Obese child in rest

CardOutp# = 12 * BodyWt# 'litres per hour
AlvwWent# = 10 * BodyWt# 'litres per hour
FrAdip# = 0.05611 #ction cardiac output rest
FrBone# = 0.0239 ‘fraction cardiac output rest

51




PBTKmodel IndusChemFateersion 200 - User manual

IndusTox

Physiologyof Subjectsin InduschemFate 2.00

FrBrain# = 0.23763 ‘fraction cardiac output rest
FrHeart# = 0.27724 'fraction cardiac output rest
FrKidney# = 0.10891 ‘fraction cardiac output rest
FrLivWen# = 021146 'fraction cardiac output rest
FrLivArt# = 0.03036 ‘'fraction cardiac output rest
FrLung# = 0.0239 ‘fraction cardiac output rest
FrMuscle# = 0.04951 'fraction cardiac output rest
FrSkin# = 0.02578 ‘fraction cardiac output rest
FrMarrow# = 0.0482 ‘fraction cardiac output rest

FrBrain# = 0.23763 ‘fraction cardiac output rest
FrHeart# = 0.27724 ‘fraction cardiac output rest
FrKidney# = 0.10891 ‘fraction cardiac output rest
FrLivVen# = 0.12146 afition cardiac output rest
FrLivArt# = 0.03036 ‘'fraction cardiac output rest
FrLung# = 0.0239 ‘fraction cardiac output rest
FrMuscle# = 0.04951 ‘fraction cardiac output rest
FrSkin# = 0.02578 ‘fraction cardiac output rest
FrMarrow# = 0.04522 ‘fréion cardiac output rest

Case 11

BodyWt# = 16 'kg normal child

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 ‘fraction venous blood

VolBlood# = 0.1014 * BodyWi# 'litre
VolBlungArt# = FrArt# * VolBlood# 'volume arterial blood
VolBlungVen# = FrV#rt VolBlood# ‘'volume venous blood
VolAdip# = 0.2148 * BodyWt# 'litre

VolBone# = 0.0694 * BodyWt# 'litre

VolBrain# = 0.0965 * BodyWt# 'litre

VolHeart# = 0.0076 * BodyWt# 'litre

VolKidney# = 0.0062 * BodyWt# 'litre

Volintest# = 0.0264 * BodyWt# rét

VolLiver# = 0.0347 * BodyWi# 'litre

VolLungs# = 0.0167 * BodyWt# 'litre
VolMuscle# = 0.3402 * BodyWt# 'litre

VolSkin# = 0.0403 * BodyWt# 'litre

VolMarrow# = 0.0458 * BodyWt# 'litre

TotSkin# = 6000 'body surface cm2

SkinFac# = 1 ‘ratiorskiermeability

UrinFlow# = 0.0214 'litre/kgbw/day

GlomFiltr# = 0.08  'fraction of renal arterial flow

‘Normal child playing

CardOutp# = 15 * BodyWi# 'litres per hour
AlvWent# = 30 * BodyWt# 'litres per hour

FrAdip# = 0.04995 ‘fraction cardiac outtpest
FrBone# = 0.02128 ‘'fraction cardiac output rest
FrBrain# = 0.21155 ‘fraction cardiac output rest
FrHeart# = 0.26708 ‘fraction cardiac output rest
FrKidney# = 0.09696 ‘fraction cardiac output rest
FrLivVen# = 0.10813 ‘'fraction cardiacpuitrest
FrLivArt# = 0.02703 ‘fraction cardiac output rest
FrLung# = 0.02128 ‘fraction cardiac output rest
FrMuscle# = 0.13354 'fraction cardiac output rest
FrSkin# = 0.02295 ‘fraction cardiac output rest
FrMarrow# = 0.04025 ‘fraction cardiac outpast

Case 12

BodyWt# = 20 'kg obese child

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 'fraction venous blood

VolBlood# = 0.08022 * BodyWt# 'litre
VolBlungArt# = FrArt# * VolBlood# ‘'volume arterial blood
VolBlungVen# = FrVen# * Btood# 'volume venous blood
VolAdip# = 0.37857 * BodyWt# 'litre

VolBone# = 0.05495 * BodyWt# 'litre

VolBrain# = 0.07637 * BodyWt# 'litre

VolHeart# = 0.00604 * BodyWt# 'litre
VolKidney# = 0.00495 * BodyWt# 'litre
Volintest# = 0.02088 * BodyWt# rét

VolLiver# = 0.02747 * BodyWt# 'litre

VolLungs# = 0.01319 * BodyWt# 'litre
VolMuscle# = 0.26923 * BodyWt# 'litre
VolISkin# = 0.03187 * BodyWt# 'litre
VolMarrow# = 0.03626 * BodyWt# 'litre
TotSkin# = 6000 'body surface cm2

SkinFac# =1 '@skin permeability

UrinFlow# = 0.0214 'litre/lkgbw/day

GlomFiltr# = 0.08 ‘'fraction of renal arterial flow

'Obese child playing

CardOutp# = 15 * BodyWt# 'litres per hour
AlvwWent# = 30 * BodyWt# 'litres per hour

FrAdip# = 0.04995 ‘fraction cardiaatput rest
FrBone# = 0.02128 ‘fraction cardiac output rest
FrBrain# = 0.21155 ‘fraction cardiac output rest
FrHeart# = 0.26708 ‘fraction cardiac output rest
FrKidney# = 0.09696 ‘fraction cardiac output rest
FrLivVen# = 0.10813 'fraction cardiatput rest
FrLivArt# = 0.02703 ‘fraction cardiac output rest
FrLung# = 0.02128 ‘fraction cardiac output rest
FrMuscle# = 0.13354 ‘fraction cardiac output rest
FrSkin# = 0.02295 ‘fraction cardiac output rest
FrMarrow# = 0.04025 ‘fraction cardiaatput rest
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Experimental animals

Case 13 'mouse experimental study
BodyWt# = 0.03 'kg average mouse

FrArt# = 0.3 ‘fraction arterial blood

FrVent# = 0.7 'fraction venous blood

VolBlood# = 0.09 * BodyWt# 'litre

VolBlungArt# = FrArt# * VVolBlood¥olume arterial blood
VolBlungVen# = FrVen# * VolBlood# ‘volume venous blood
VolAdip# = 0.09 * BodyWi# 'litre

VolBone# = 0.07 * BodyWt# 'litre

VolBrain# = 0.016 * BodyWi# 'litre

VolHeart# = 0.005 * BodyWt# 'litre

VolKidney# = 0.017 * BodyWt# 'litre

Volintest# = 0.041 * BodyWt# 'litre

VolLiver# = 0.05 * BodyWt# 'litre

VolLungs# = 0.007 * BodyWt# 'litre

VolMuscle# = 0.36 * BodyWt# 'litre

VolSkin# = 0.16 * BodyWt# 'litre

VolMarrow# = 0.03 * BodyWt# 'litre

TotSkin# = 100 'body surface cm2

SkinFa# =3 ‘'ratio skin permeability
UrinFlow# = 0.05 'litre/kgbw/day

GlomFiltr# = 0.16 ‘fraction of renal arterial flow

CardOutp# = 60 * BodyWt# 'litres per hour mouse
AlvVent# = 73 * BodyWt# 'litres per hour mouse
FrAdip# = 0.045 ‘fraction caadioutput rest
FrBone# = 0.056 ‘fraction cardiac output rest
FrBrain# = 0.039 ‘'fraction cardiac output rest
FrHeart# = 0.079 'fraction cardiac output rest
FrKidney# = 0.202 ‘fraction cardiac output rest
FrLivWen# = 0.225 ‘fraction cardiac outpst
FrLivArt# = 0.056 ‘fraction cardiac output rest
FrLung# = 0.006 ‘fraction cardiac output rest
FrMuscle# = 0.18 ‘fraction cardiac output rest
FrSkin# = 0.067 'fraction cardiac output rest
FrMarrow# = 0.045 ‘fraction cardiac output rest

Case 2 'rat experimental study
BodyWt# = 0.3 'kg average rat

FrArt# = 0.3 ‘fraction arterial blood

FrVen# = 0.7 'fraction venous blood
VolBlood# = 0.0963 * BodyWt# 'litre
VolBlungArt# = FrArt# * VolBlood# 'volume arterial blood
VolBlungVen# =r#en# * VVoIBlood# 'volume venous blood
VolAdip# = 0.07 * BodyWt# 'litre

VolBone# = 0.06 * BodyWt# 'litre

VolBrain# = 0.006 * BodyWt# 'litre

VolHeart# = 0.0035 * BodyWt# 'litre
VolKidney# = 0.007 * BodyWt# 'litre
Volintest# = 0.027 * BodyWt# 'litre

VolLiver# = 0.04 * BodyWt# 'litre

VolLungs# = 0.005 * BodyWt# 'litre
VolMuscle# = 0.4 * BodyWt# 'litre

VolSkin# = 0.2 * BodyWt# 'litre

VolMarrow# = 0.03 * BodyWt# 'litre

TotSkin# = 450 'body surface cm2

SkinFac# =3  'ratio skin permeability
UrinFlow# = 0.2 litre/kgbw/day

GlomFiltr# = 0.16 ‘fraction of renal arterial flow

CardOutp# = 22 * BodyWt# 'litres per hour rat
AlvVent# = 35 * BodyWt# 'litres per hour rat
FrAdip# = 0.0454 ‘fraction cardiac output rest
FrBone# = 0.0454 ‘fracti@ardiac output rest
FrBrain# = 0.0227 ‘fraction cardiac output rest
FrHeart# = 0.0567 ‘fraction cardiac output rest
FrKidney# = 0.1701 ‘fraction cardiac output rest
FrLivVen# = 0.1927 ‘fraction cardiac output rest
FrLivArt# = 0.0272 ‘fraction cbeic output rest
FrLung# = 0.0227 ‘fraction cardiac output rest
FrMuscle# = 0.3152 ‘fraction cardiac output rest
FrSkin# = 0.068 ‘fraction cardiac output rest
FrMarrow# = 0.034 ‘fraction cardiac output rest
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Appendix2: Exampleof simulation with PBTKmodel IndusChemFat&.00

Simulation ofMTBEand MTBEmNetabolites in blood and urine of males, females and rat
with the IndusChemFate PBidodel ¢ version 2.@. Comparisorwith experimental
measured concentrationgnd amounts.

Introduction

Six vdunteers (3 male and 3 female) and 10 rats (5 male and 5 female) were exposed to a concentration of 40
ppm MTBE (methstertiary-butylether) (= 144 mg/r?) for 4 h in a dynamic exposure chambamberg et al.,

1999. The airborne MTBE concentration was detmed at 15 min intervals. The measured level was 38.6 +/
3.2 ppm = 140 mg/th

In the body MTBE is metabolised to tédtanol (Metabolite 1) . This metabolite is further metabolised, mainly

to MPD (Metabolite 2), which is further oxidised to HiBA (Nbelée 3). Urine of the volunteers was collected

at given intervals over 72h. Blood was sampled at the end of the 4h exposure period.

Methods

The experimental measured amounts and concentrations of MTBE and three metabolites in blood and urine
was simuhted with PBP¥nodel IndusChemFatedrsion 200) with the given scenario of exposure: 4 h
exposure to a concentration of 140 mg7mDifferent types of human subjects were entered.

Figure 1 showthe measuredhe time-course of urinary excretion of MTBEdathe three main metabolites in
human and rat urine.

Results

Figure2 showsthe simulaion of thethe time-course of urinary excretion of MTBE and the three main
metabolites in a normal man in restiBA (= metabolite 3yas the predominant metabolitdig 3 shows the
variation of urinary excretion of the metabolit¢éiBA (= metabolite 3)

Figure 4 shows thesimulaion of thethe time-course of urinary excretion of MTBE and the three main
metabolites inrats, respectivelyassuming similar metaboliskinetics in man and rat Simulation in rats
showed two predominant metabolites: MPD (Metabolite 2) and HiBA (Metabolite 3).

Partition coefficients of the QSRiRtimate of the simulation are presented in table 1 and 2, respectively.
Amberg et al. (1999) repted also the total amount of MTBE and metabolites excreted in urine over 72 h for
man and rat.

In table 3 the experimental amounts metabolites in urinaare presented together with the modgredicted
amounts for a male man in rest, an obese maleesst,ra female in rest and for rats. Furthermore, blood levels
were reported. The concentration of MTBE arglitanol in blood were determined at the end of theh4
exposure period. Tabkshows the measured and predicted concentrations of MTBE dudanol in

(veneous) blood of the three types of humans and of rats.

The differences within the human types adittle smaller (max 2 fold) than the differencé experimental
valuesversusmodelpredicted concentration of MTBE and the metaboliieutanol (max 4fold).

All-over the modelpredicted values are in the order of magnitude of the experimental values.

Conclusion
Although the species specific metabolism kinetics were not available, the tests of comparison of experimentally
measured levels andwounts of MTBE and metabolites revealed encouraging and satisfying results.

Reference
Amberg A, Rosner E, Dekant W (1999). Biotransformation and kinetics of excretion of-rathyityl ether in
rats and humans. Toxicol Sci; 58:1
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Figure 1Experimatally measured data of Amberg et al 200ATBE and 3 metabolites in urinefoimans and
rats.

Figure 2 Prediction of MTBE and 3 metabolites in urine afanin rest

Table 1: Estimatef partition coefficients of MTBE and three metabolites in man

Part.Coeff MTBE C0 C1(TBA) C2(MPD) C3(HiBA)

Blood/Air 2,11E+01 2,81E+03 4,09E+05 1,06E+09
Adipose tissue/Blood 8,28E+00 2,03E+00 1,00E01 1,00E01
Bone/Blood 9,06E01 7,93E01 7,43E01 7,39E01
Brain/Blood 1,15E+00 9,48E01 7,99E01 7,75E01
Heart/Blood 9,06E01 7,93E01 7,43E01 7,39E01
Kidney/Blood 9,49E01 8,46E01 7,80E01 7,71E01
Intestine/Blood 8,03E01 6,08E01 5,22E01 5,15E01
Liver/Blood 8,03E01 6,08E01 5,22E01 5,15E01
Lung/Blood 9,06E01 7,93E01 7,43E01 7,39E01
Muscle/Bood 9,06E01 7,93E01 7,43E01 7,39E01
Skin/Blood 9,06E01 7,93E01 7,43E01 7,39E01
BoneMarrow/Blood 1,15E+00 9,48E01 7,99E01 7,75E01
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