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Aim of project

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

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

¢ IndusChemFates aPBTKmodel in MSExcel applicable for

worker and consumer exposure to multiple chemicals

¢ Itis a model of the routing afhemicalghroughthe human
body

¢ Absorption distribution andexcretiondrivenby general
rulesand QSARs

¢ Buildin Visual Basic. Runs in MS Excel 202907

c Avallableas freeware
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Program features

The model contains 11 body compartments

Human physiological parameters from reference documents
The model considers only the adult worker

Two levels of activity may be set: rest and light activity
Three absorption pathways are considered

Opportunity to deal with 4 successive metabolites.

The blood/air partition coefficients and the tissue/blood partition
coefficients are derived by means of QSARS

¢ The biotransformation based on saturable metabolism with the
kinetic constants (Vmax and Km)

¢ Enterohepatic circulation (of phase Il metabolites) is adopted

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

- IndusTox

O 0 O O O 0O O



Running the model

IndusChemFateés programmed as a macro in
Visual Basic and runs in MS Excel. The E£xcel
file has 4 sheets:

C Tutorial,

C Exposure Conditions+Calculation,

C Database

C Graphical Output

- IndusTox



Running the software
Thefour sheets of fldndusChemFate.xls

Tutorial
I Instructionsin short
Exposureconditions+ calculations
I Enteringinitial settings ofsimulation
I Entering exposureonditions
i . dzd &calcylate®br running
|

. dz0 U 2 yfor Wdfile with @Il numericalsimulationresultsafter
running

Database

I Containsneccesaryphyschem+ toxicokinetic data ofarious
chemicalsandits metabolites

GraphicalOutput

T Shows theblood, urine andexhaledair concentationof chemicals
and metabolitesover time
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Running the software
Input of data

A Initial settings of simulation
i In sheet'exposure conditions and calculation

A Exposure conditions

iLY &aKSSG WSELRA&AdANBE O2yl
A Properties of chemical under study

iLYy aKSSd WRIGOGFol asa
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Running the software
Input parameters omitial settings of

simulation

Table2. Selectiorof simulation characteristice the PBTKnodellIndusChemFate

Entryfield
Model Parameter B22-B29
Repating exposure for 5 working days (y/n) y
Number of substances (parent + metabolites) 3

Observation settings

Start of observation (time in hours) 0
End of observation (time in hours) 24
Number of steps per hour 1000
Report times per hour 1
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Running the software

Entering of exposureonditions

IndusTox

Table5. Exposureconditions for three routes the generic PBFKodelindusChemFate

Parameters Airborne Exposure

Entry field in column B

Concentration parent compoun@mg/m3) B2
Start of airborne exposure (hours) B3
Duration of airborne exposure (hours) B4
Level of activity (1 = rest, 2 = light activity) B5
Respiratory protection factor (=> 1) B6
Dermal protection factor (air tight clothing => 1) B7
Parameters Dermal exposure to parent compound

Skin deposition neat substance mg/cm2/hour B10
Start of skin exposure (hours) B11
Duration of skin exposure (hours) B12
Log(Kow) of parent compound at skin pH 5.5 B13
Skin temperature (centigrade) B14
Affected skin area (cm2) B15
Parameters of oral absorption

Bolusdose to stomach of parent compound (mg) B18
Time of applicatiorg start (time in hours) B19
Absorption rate into intestinal tissue (1/hour) B20
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Running the software
Input of propertiesof chemicaln

A3KSSO WRIGlFIol asQ

Table4. Requirednput parametersof the compound and/or metabolite(&) runthe generic PBFKiodel

IndusChemFate

Variable Entry field
Parent Compoungname) Row 3
CASr Row 4
Density (mg/cm3 or gramsllitre) Row 5
Molecular weight Row 6
Vapour Pressure (Pa) Row 7
Log(partcoefoctanol/water) at blood pH 7.4 Row 8
Water solubility (mg/litre) Row 9
Log(Henndimensionless) Row 10
Log(partcoefoctanol/air) Row 11
Resorption tubuli (y/n/?) Row 12
Enterohepatic @moval (relative to liver venous blood) Row 13
Vmax Liver (parent[total] pMol/kg/hr) Row 26
Km Liver (parent[total] uMol/litre) Row 27
Vmax Liver (parent[specif] uMol/kg/hr) Row 48
Km Liver (parent[specif] uMol/litre) Row 49
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Running the software
Flexible programming of metabolism

Principle
I Loss oparentcompound(by Vihax totar » Kn total)

I Formationof metabolite (bY V. speciic: Kn. specifid

Thusbiotransformationof parentcompoundto less
than 100% ofmain metabolitecanbe entered
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Running the software
Overviewof results/ output

(SO | &)+ IndusChemFal 0 [Compatibiliteitsmodus] - Microsoft E SR
- Start Invoegen Pagina-indeling Formules Gegevens Contraleren Beeld Ontwikkelaars Invoegtoepassingen ® - = x
= Knippen = ) " === I A

;’;Kj::m Calibri -l | | Silekstterugloop Standaard - Ej‘ ;H;rd standaard Goed Neutraal ongeldig € _=_| 3] ommomen E&
e Opmask knperenvpiatzan | IZAEHD ween - |8 e o] {8 28] vorpmrietite O [Berckening ] [T e e
Klembord = Lettertype = Uitlining = Getal & Stiilen Cellen Bewerken
C26 - £
A B c D E F G H 1 J K L M N o P a
AlVAIrcO | AlAIrCl  AlAIrC2  AlAIrca  AlAIrc4 | VenBlCo venslC1 VenBIC2  VenslC3 VenBIC4 | UrinExeM0 | UrinExc

1 Parameters Airborne Exposure hours pnol/| pnol/1 pnvol/1 pmal/l pnial/1 pnol/| pnol/1 pnvol/1 pmal/l pnial/1 pviol Mo

2 |Concentration parent compound (mg/m3) 40 0,000 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00+

3 [start of airborne exposure (hours) 0 1,000 4,18E-01 1,096-03 1,31E-06 1,74E-11 0,00E+00 8,91E+00 1,326+00 1,296-01 1,85E-02 0,00E+00 1,45E+00 1,45€-

4 | Duration of airoorne exposure (hours) F] 2,001 5,036-01 2,376-03 4,15€-06 7,01E-11 0,00E+00 1,09E+01 2,88E+00 4,06E-01 7.486-02 0,00E+00 3,84E+00 6,65~

5 |Level of activity (1 =rest , 2=light activity) 2 3,001 5,41E-01 3,596-03 7.976-06 1,576-10 0,00E+00 1,185+01 4,376+00 7,80E-01 1,676-01 0,008+00 6,515+00 1,56+

6 [Respiratory protection factor (=>1) 1 4,001 5,66E-01 4,76€-03 1,256-05 2,71E-10 0,006+00 1,24E+01 5,78E+00 1,22E+00 2,89E-01 0,006+00 9,34E+00 2,82+

7 |Dermal protection factor (air tight clothing =>1) 1 5,000 5,85E-01 5,86E-03 1,758-05 4,08E-10 0,008+00 1,29E+01 7,12E+00 1,71E+00 4,356-01 0,008+00 1,238+01 4,41E+

8 6,000 6,00E-01 6,90E-03 2,286-05 5,61E-10 0,00E+00 1,326+01 8,39E+00 2,23E+00 5,99E-01 0,00E+00 1,53E+01 6,336+

9 Parameters Dermal exposure to parent compound Caleulate 7,000 6,12E-01 7,88E-03 2,82E-05 7,256-10 0,00E+00 1,35E+01 9,58E+00 2,76E+00 7,738-01 0,00E+00 1,84E+01 8,55E+

10 skin deposition pure substance mg/cm2/hour 0 8,000 6,226-01 8,80E-03 3,386-05 8,956-10 0,00E+00 1,376+01 1,07€+01 3,30E+00 9,54E-01 0,00E+00 2,15E+01 1,11E+

11 Start of skin exposure (hours) 0 9,000 2,086-01 8,71E-03 3,836-05 1,056-09 0,00E+00 4,90E+00 1,06E+01 3,74E+00 1,12E+00 0,00E+00 2,336+01 1,37€+

12 Duration of skin expasurs (hours) 3 10,001 1,286-01 8,285-03 4,14€-05 1,196-09 0,00E+00 3,03E+00 1,01E+01 4,04E+00 1,27E+00 0,00E+00 2,41E+01 1,635+

13 Log(kow) of parent compound at skin pH5.5 4,88 11,001 9,60E-02 7,826-03 4,336-05 1,298-09 0,00E+00 2,276+00 9,50E+00 4,24E+00 1,37E+00 0,00E+00 2,46E+01 1,876+

14 kin temperature (centigrade) 25 - 12,001 7,57€-02 7,356-03 4,44E-05 1,366-09 0,00E+00 1,795+00 8,936+00 2,35E+00 1456400 0,00E+00 2515401 2,10+

15 Affected skinarea (cm2) 1000 S 13,001 6,05€-02 6,836-03 4,48E-05 1,41E-09 0,006+00 1,436+00 8,35E+00 4,38E+00 1,506+00 0,006+00 2,54E+01 2,31E+

16 ) N 14,001 4,86E-02 6,41E-03 4,46E-05 1,436-09 0,008+00 1,158+00 7,79E+00 4,36E+00 1,528+00 0,008+00 2,578+01 2,51E+

17 Parameters of oral absorption intextfile 15,001 3,91E-02 5,956-03 4,39E-05 1,436-09 0,00E+00 9,23E-01 7,23E+00 4,29E+00 1,52E+00 0,00E+00 2,59E+01 2,69E+

18 Bolusdose to stomach of parent compound {mg) 0 16,001 3,14E-02 5,51E-03 4,276-05 1,42E-09 0,00E+00 7,43E-01 6,70E+00 4,18E+00 1,51E+00 0,00E+00 2,61E+01 2,87E+

19 Time of application {time in hours) 0 17,001 2,536-02 5,096-03 4,136-05 1,396-09 0,00E+00 5,98€-01 6,19E+00 4,04E+00 1,48E+00 0,00E+00 2,62E+01 3,038+

20 Absorption rate into intestinal tissue {1/hour] 02 18,001 2,04€-02 4,69E-03 3,976-05 1,356-09 0,00E+00 4,81E-01 5,70E+00 3,88E+00 1,44E+00 0,00E+00 2,64E+01 3,17€+

2 19,000 1,64E-02 4,326-03 3,798-05 1,306-09 0,00E+00 3,876-01 5,256+00 3,70E+00 1,39E+00 0,00E+00 2,65E+01 3,316+

22 Repeating exposure for 5 working days (y/n} ¥ 20,000 1,326-02 3,976-03 3,606-05 1,256-09 0,00E+00 3,11E-01 4,82E+00 3,52E+00 1,33E+00 0,00E+00 2,65E+01 3,436+

23 Number of substances (parent + metabolites) 4 21,000 1,06E-02 3,646-03 3,406-05 1,196-09 0,00E+00 2,50E-01 4,42E+00 3,226+00 1,276+00 0,00E+00 2,665+01 3,55+

2 22,000 8,53E-03 3,336-03 3,206-05 1,136-09 0,006+00 2,026-01 4,05E+00 3,13E+00 1,21E+00 0,006+00 2,66E+01 3,65+

25 Observation settings 23,000 6,87E-03 3,056-03 3,008-05 1,076-09 0,008+00 1,62E-01 3,70E+00 2,93E+00 1,14E+00 0,008+00 2,678+01 3,75+

26 Start of observation {time in hours) 0 | 24,000 5,53E-03 2,79E-03 2,80E-05 1,01E-09 0,00E+00 1,31E-01 3,38E+00 2,74E+00 1,08E+00 0,00E+00 2,67E+01 3,83E+

27 End of observation (time in hours) 24

28 Number of steps per hour 1000

29 Report times per hour 1

30

531 Parent Compound MTBE Parent and Metabolites Parent Absoroed

32 cAs 1634-04-4 Sum Tissues 3,976+02 uMol Suminhaled  4,90E+02 pMol

33 Density {mg/cm3 or grams/litre) 740 Sum Exhaled 7,24E+03 pMal SumSkin Air  3,50E+03 pMol

34 Molecular weight 88,15 Sum Blood 4,628+01 uMal SumsSkinlig  0,008+00 pMol

35 Vapour Pressure (Pa) 33300 Sum Urin 6,97E+02 uMal Sum Oral Abs  0,00E+00 nal

36 | Log{partcoeff-octanel/water) at blood pH 7.4 0,94 Sum Hep. Circ. 0,00E+00 uMal Total Absorb  8,40E+03 MTBE and metabolites (Venous Bloot

37 Water solubility (mg/litre} 51000 Sum Metab Lost 0,00E+00 pmol 160E+01

38 Log(Henry-dimensionless) -1,62 Sum Total 8,39E+03 pmol

39 Log(partcoeff-octanol/air) 2,76 1,40E+01-

40 |Resorption tubuli (y/n/?) ¥ //\

41 Enterohepatic removal (relative to liver venous blood) 0 Part,Coeff o =1 c2 cz 1208401

42 |Vmax Adipose tissue (parentftotal] uMol/kg/hr) 0 Blood/Air 2,156+01 1,21E+03 9,78E+04 1,076+09 / /\\.\_

43 Km Adipose tissue (parent[total] uMol/litre) 0 Adipose tissue/Blood  8,28E+00 2,03E+00 3,008-01 1,008-01 1.00E+01

44 Vmax Bone (parenttotal] uMol/kg/nr) 0 Bone/Blood 9,06E-01 7,93E-01 7,51E-01 7,39E-01 / / \ \ —+—VenBI CO pMol/l

45 |Km Bone (parent[total] pMol/litre) 0 Brain/lood 1,15E+00 9,43E-01 8,30E-01 7,75E-01 o I / \ ‘I\.\.\ —=-VenBI C1 pMoll

i 4 » b Tuwral | Exposure Conditions+ Calculation  Datshsss  Graphicsl Output 71 [ ——
Een bestemming kiezen en op ENTER drukken of Plakken kiezen 6. VenBI C2 uMol/l
I f \ \.\'\-\_\_ —VenBI C3 uMoll

AT

24 ~_
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Running the software

Exampleof simulation

1-Hydroxypyrene in urine of operator of creosote impregnating plant

exposed to PAH

1-Hydroxypyrene
{umol/mal creatinine)

100 9 Lo

1-OHP in umol/L

0,8
0I7 A
0,6

AN A /

0,3
0,2
0,1

O T
20 40 60 80 100 120 140 160 180 200
IndusToXx

Figure 3-1A. Excretion of 10HP in urine of a
creosote impregnating worker (Jongeneelen et
al, 1988)

Figure 3-1B. Excretion of 10OHP in urine of a
creosote impregnating worker (Jongeneelen et
al, 1988). Cenverted to umol/L units.
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Example
Metabolism pathways of pyrene

_ _ glutathione o
4,5dihydrodiolpyrene Mercapturicacid
GTF
or
UGT or

1,8 dihydropyrene

1
1
1
1
1
1
1
1
1
:
1,6dihydropyrene yppga | 1,6-dihydropyreneglucuronide
1
i 1,8dihydropyrenglucuronide
i
1
1
1
1

1-pyrenylsulphate
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Example

Input of

propertieso
chemicalan
metabolites

IndusTox

Parent Compound Pyrene
CAS 129-00-0
Density {mg/cm3 or grams/litre) 1270
Molecular weight 202,26
Vapour Pressure (Pa) 0,0106
Log(partcoeff-octanol/water) at blood pH 7.4 4,88
Water solubility {mg/litre) 0,135
Log{Henry-dimensionless) -3,31
Log({partcoeff-octanol/air) 8,8
Resorption tubuli {y/n/?) y
Enterchepatic removal (relative to liver venous blood) 0
Vmax Liver (parent[total] uMol/kg/hr) 180
Km Liver (parent[total] uMol/litre) 2,25
Vmax Liver (parent[specif] uMol/kg/hr) 90
Km Liver (parent[specif] uMol/litre) 2,25
1st metabolite Hydroxypyrene
CAS 5315-79-7
Density (mg/cm3 or grams/litre) 1000
Molecular weight 218,28
Vapour Pressure {Pa) 0,000022
Log(partcoeff-octanol/water)at blood pH 7.4 4,45
Water solubility {mg/litre) 4
Log{Henry-dimensionless) -7,83
Log{partcoeff-octanol/air) 11,9
Resorption tubuli {y/n/?) y
Enterohepatic remowval {relative to liver venous blood) 0
Vmax Liver (1st metab[total] uMol/kg/hr) 18000
Km Liver (1st metab[total] uMol/litre) 80
Vmax Liver (1st metab[specif] uMol/kg/hr) 18000
Km Liver (1st metab[specif] pMol/litre) 80
2nd metabolite Hydroxypyrene Glucuronide
CAS 154717-05-2
Density {mg/cm3 or grams/litre) 1000
Molecular weight 394
Vapour Pressure (Pa) 3,20E-17
Log(partcoeff-octanol/water) at blood pH 7.4 -2,12
Water solubility {mg/litre) 40000
Log{Henry-dimensionless) -19,1
Log({partcoeff-octanol/air) 16,98
Resorption tubuli {y/n/?) n
Enterchepatic removal (relative to liver venous blood) 1,5

Vmax Liver (2nd metab[total] pMol/kg/hr)

Km Liver (2nd metab[total] uMol/litre)

Vmax Liver (2nd metab[specif] uMol/kg/hr)

Km Liver (2nd metab[specif] uMol/litre)




Example
Input of exposureonditionsof operator

The average exposure level from other studies is taken

Parameters Airborne Exposure

Concentration parent compound (mg/m3) 0,003
Duration of airborne exposure (hours) 8
Level of activity (1 = rest ,=2ight activity) 2

Parameters Dermal exposure to parent compound

Skin deposition neat substan¢eg/cm2/hour) 5,00E06
Duration of skin exposure (hours) 8
Affected skin area (cm2) 5000
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Example
Stepsfor running the program

A Entering of data

I Initial settings of simulation
AlIn sheet'exposure conditions and calculation
I Properties of chemical under study
At eNBYS Ay aKSSG WRIOFol as
I Exposureconditions
ALy adkpgesn@corilitionsand calculatiorf
A Runby pushingd dzi (Calgllate

C Numericaland graphicaloutput
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Example- Output In graphs

180,000

pyrene and metabolites (Alveolar Air
3,00E10
2,50E10 ﬂ ﬂ‘
2,00E10 ﬂ ﬂ ﬂ
4 9 1 1
1 ¢ ¢ 1 1
1,50E10 A 3 .
3 = AlvAir CO pMol/l
) 4 + 1 1 -~ AlvAir C1 pMol/l
1,00E10 L 3 i
{ * ¢ * t { i t ~— AlvAir C2 pMol/l
pyrene and metabolites (Urine] wbolites (Venous Blooc
4,00E01
3,50E01
3,00E01 [AX [AX [ X
2,50E01 A w X ® X
<
2,00801 1 —+—UrinConc CO uMol/l X
. L 4
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Example Comparisormeasureawith

simulated

1-OHP in umol/L
038
07

0,6 A

0,5

0,4

0,3 -

0,2 ~

0,1
]
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Figure 3-1B. Excretion of 10OHP in urine of a
creosote impregnating worker (Jongeneelen et
al, 1988). Cenverted to umol/L units.
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Example
Question

A What is the reason of accumation ofdH
pyrenec gluc?
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Example
Output ,Massbalance

Amount in body, excreted or lost Amount absorbed
Sum Tissues 2,34E-01 UMol Sum Inhaled 8,01E-01 uMol
Sum Exhaled 1,57E-05 KMol Sum Skin Air 3,59E-01 pMol
Sum Blood 1,55E-03 MMol Sum SkinLiq  3,21E+00 HMol
Sum Urin 1,88E+00 puMol Sum Oral Abs 0,00E+00 pMol
Sum Hep. Circ. 1,68E-01 uMol Total Absorb 4,37E+00 KMol
Sum Metab Lost 2,07E+00 KMol
Sum Total 4,36E+00 UMol
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Example

Effect of

entero

hepatic
circulation
of phasell
metabolites
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