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Outline

• Introduction of the PACEM model and its Shiny application

• Introduction of hands-on training with bisphenol A (BPA) case study

• In PACEM Shiny: Modeling of BPA exposure from personal care 

products (PCPs)

• Export of results for use in MCRA

• In MCRA: Modeling of aggregate exposure to BPA from PCPs and food

Aggregate exposure assessment: 
Considering exposure to one chemical via multiple exposure routes
(here: oral dietary, oral PCPs, and dermal PCPs)
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PACEM (I)

Probabilistic Aggregate Consumer Exposure Model

• Person-oriented model for calculating exposure to PCPs

• Developed by RIVM and ETH Zurich to simplify realistic exposure assessments

• Essential are product use data obtained from population surveys

• PACEM has been described and tested in different publications (2014,2015)
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PACEM (II)

Person-oriented modeling approach

PACEM population

Repeated
random
sampling

Aggregation

3 use pattern surveys available

• Dutch survey Biesterbos et al. (2013): 
516 persons, 18 to 71 years of age.

• Swiss survey Garcia-Hidalgo et al. (2017): 
759 persons, 0 to 91 years of age.

• Mixed European Colipa survey (Hall et al. 2007, 2011): 
Several investigations carried out in Denmark, France, 

Germany, Great Britain and Spain.
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PACEM Shiny

• PACEM has always been available in the programming language R

 Not very user friendly, only used by small number of people

• With the Shiny package, interactive applications can be built from R code

 PACEM Shiny application has PACEM functionality in a user interface that is

easier to use

• PACEM Shiny is a beta version

 It is still under development and not working perfectly yet

 Please let us know if you find bugs or have suggestions for improvement
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BPA case study for hands-on training

Occurrence

Plasticizer for production of polycarbonate plastics (PC) and epoxy resins

Migration, diffusion: dietary products, cosmetics, dust, and air

Color developer in thermal paper

 Receipts

Regulation in EU

2011: EU-wide ban of PC babybottles and

set migration limit from plastics

2015: Ban from food contact materials in 

France

Health effects

Endocrine disrupting substance

- Estrogenic activity

- Anti-androgenic activity

- Effects on steroid hormone 

synthesis

TDI 4 µg/kg bw/day
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let’s get started

Please note:
All results shown are for illustration purposes
No risk assessment
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Installation of R packages needed

Did everyone get the files from the USB stick?

1. Start R Studio

2. In R Studio, open the file ‘initializePACEM.r’ (folder PACEM)

3. Press the ‘source’ button

Please note: the installation of packages in R only needs to be done
once (per R version)
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Installation of PACEM package (I)

Still in R Studio, open the project

‘PACEM’ from the path indicated

below

Please note: the installation of packages in R only needs to be done
once (per R version)
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Installation of PACEM package (II)

• click ‘Install and Restart’ 

in the ‘Build’ panel

• Wait until installation

and restart is finished

Please note: the installation of packages in R only needs to be done
once (per R version)
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Run PACEM Shiny application

1. Still in R Studio, open the file ‘app.R’ (in PACEM Shiny\PACEM\shiny)

2. Press the ‘run app’  button
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Open existing assessment
«EuroToxBPA»

Folder ‘PACEM’
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Selection of survey & exposure metric

Do not tick this
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Concentration data
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Uniform Trunc lognorm

Par 1 Minimum Nat log (mean)

Par 2 Maximum Nat log (std dev)

Par 3 - Minimum

Par 4 - Maximum

Parameter values
depend on the
distributions
chosen
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Only these lines have not been filled yet
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Exposure fractions

Fraction of BPA from a certain product, to which the individual is actually

(here: externally) exposed to

Product measured Product survey EF dermal EF oral Reasoning

Sunscreen

Sunscreen, 

after-sun cream, 

bronzing cream

1 0
Reasonable worst-case 

stay-on skin scenario

Body lotion Body lotion

Hand lotion Hand cream

Face mask

Aftershave balsam, 

face cream day & 

night

Face cleanser Cleansing lotion

0.01 0

1 % of the product 

stays on skin after 

rinsing

Shampoo
Shampoo & 

conditioner

Bath gel

Shower gel

Bathing foam

0.005 0

Accounting for 

dilution and rinsing 

afterwards
Bathing oil

Lipstick
Lipstick

0.1 0.9
Reasonable worst-case 

assumptionLipbalm
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Only these
lines have not 
been filled yet
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Simulation settings
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Analysis options
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Results (I)

Results are for illustration purposes - No risk assessment
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Result (II)

Results are for illustration purposes - No risk assessment
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Results (III)

Results are for illustration purposes - No risk assessment
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Export to MCRA (I)
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Export to MCRA (II)
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Export to MCRA (III)
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Export to MCRA (IV)
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Export to MCRA (V)

Results are for illustration purposes - No risk assessment
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Export to MCRA (VI)
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Merging of CSV tables

• Prior to the upload to MCRA, the CSV tables need to be merged to one

excel table

• Also, other formatting steps need to be conducted

• Not very hard, but time-consuming

 Prepared excel table is provided on USB Stick

 Instructions for merging and formating in back-up slides
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MCRA

Please log in as done in 
the previous trainings
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Create new project
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Data selection
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Selection panel
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Selection panel
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Selection panel

Untick everything
(we are not using
processing infos or food
translations)
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Selection panel
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Selection panel
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Selection panel
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Modeling panel
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Modeling panel

EuroTox CEC – 2 Sept, 2018



This project is funded by the Horizon 

2020 Framework Programme of the 

European Union

Modeling panel
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Modeling panel
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Modeling panel
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Modeling panel
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Modeling panel
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Click and wait until run is completed
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Output panel
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Results - overview

- Check settings & parameters

- Food as eaten vs. food as measured

- Consumptions, concentrations, ND data

- Exposure assessment results
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Results – ND data
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Results – exposure options

Same information if only one chemical is

regarded

Same information if no recipes or food

translations are used
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Results – dietary exposure

Results are for illustration purposes - No risk assessment
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Results – non-dietary exposure

Results are for illustration purposes - No risk assessment
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Results – aggregate exposure

Results are for illustration purposes - No risk assessment
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Results – exposure distributions

Results are for illustration purposes - No risk assessment

Other analysis options:
- Percentile tables
- Detailed look at individual exposures in drilldown
- Uncertainty analysis can be added
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EuroMix participants

22 beneficiaries from 16 countries linked to international organisations including WHO, FAO and EFSA. 

EuroMix is coordinated by RIVM.
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Back-up
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Dose 𝐷𝑖𝑗 on day j    𝐷𝑖𝑗 =
1

𝐵𝑊𝑖
σ𝑘 𝑛𝑖𝑗𝑘 ∗ 𝐴𝑖𝑘∗ 𝑤𝑓𝑘∗ 𝑒𝑓𝑘

𝐵𝑊𝑖: body weight of i

𝑛𝑖𝑗𝑘: number of uses 

of k by i on j

Individual i

𝑒𝑓𝑘: fraction of substance from k

absorbed by i

Product k

𝐴𝑖𝑘: amount of k used by i

𝑤𝑓𝑘: concentration of 
substance in k

PACEM – exposure calculation

𝑖

𝑘
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Workflow of PACEM Shiny

Assessment 
definition

• Start new assessment or select existing

• Select survey and exposure metric

Data input

• Fill concentration table

• Fill table for exposure fractions (systemic exposure) or retention factors (dermal load)

Define model
scope

• Specify number of days, female and male persons

Analysis 
options

• Select exposure routes, exposure measure (acute or chronic), population and/or product subsets and
percentiles to be displayed

• Option to provide results suitable for use in the MCRA model

Results

• Percentile table, histograms, cumulative density functions, table with detailed simulation results

MCRA inputs

• Tables for further use in the MCRA model can be exported

• Stratification by gender possible
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Concentration data

Product DF [%] Distribution Mean [ng/g] SD Min Max Use for

Shampoo 20.0 Uniform 18.1 60.4 Shampoo & conditioner

Face cleanser 11.1 TruncLognorm 60.6 30.2 18.1 121 Cleansing lotion

Bath gel 4.8 Uniform 18.1 60.4
Shower gel, bathing foam, 

bathing oil

Sunscreen 41.7 TruncLognorm 95.3 55.8 18.1 207
Sunscreen, after-sun cream, 

Bronzing cream

Body lotion 25.0 Uniform 18.1 60.4 Body lotion

Lipstick 100 Uniform 18.1 60.4 Lipstick, lipbalm

Hand lotion 52.9 Uniform 18.1 60.4 Hand cream

Face mask 72.7 TruncLognorm 107 46.9 18.1 200
Aftershave balsam, Face 

cream day & night

DF = detection frequency
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Upload input tables

If not already available, add all five data files
from the folder «Datasets MCRA» (USB Stick) 
to the folder «MyData»
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Merge CSV tables (I)

• Open all tables

• Save the largest table (‘saveMCRAtable’, if not renamed) as excel file and

use as basis for adding the other tables

In the excel file:

• Rename the existing sheet to ‘NonDietaryExposures’

• Add three empty sheet and name them ‘NonDietarySurveys’, 

‘NonDietarySurveyProperties’, and ‘NonDietaryAbsorptionFactors’

• Copy the content of the three remaining CSV tables into the empty sheets
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Merge CSV tables (II)
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Split text to columns (I)
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Split text to columns (II)
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Format columns (I)

or right-click
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Format columns (II)

Table Column Type
N

o
n

D
ie

ta
ry

E
x

p
o

su
re

s
idIndividual

TextidNonDietarySurvey
idSubstance
Dermal

Number (5 decimal places)Oral
Inhalation

N
o

n
D

ie
ta

ry
S

u
rv

e
y

P
ro

p
e

rt
ie

s IndividualPropertyName

TextidNonDietarySurvey

IndividualPropertyTextValue

IndividualPropertyDoubleValueMin
Number

IndividualPropertyDoubleValueMax

N
o

n
D

ie
ta

ry
 

S
u

rv
e

y
s

idNonDietarySurvey

TextDescription

NonDietaryIntakeUnit

PercentageZeros Number*

N
o

n
D

ie
ta

ry
A

b
so

rp
ti

o
n

F
a

ct
o

rs

idNonDietarySurvey
Text

idCompound

DermalAbsorptionFactor

NumberOralAbsorptionFactor

InhalationAbsorptionFactor

*by default entries with zero exposures are included in the dataset, so that the percentage of zeroes is 0
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