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1. Legislation and EFSA grouping pesticides into cumulative  

assessment groups 

 

2. About the EuroMix goals and testing strategy 

 

3. Networks of AOPs for three toxicological endpoints 

 

4. EuroMix model and data platform and how it fits in the  

future European infrastructure 

Content 
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Conclusion  

• All reviewed regulations concerning chemicals, PPPs and biocidal 

products, except for REACH, stipulate to consider cumulative and 

synergistic effects  

• No framework for a systematic, comprehensive and integrated 

assessment of mixture effects taking into account different routes of 

exposure and different product types 

• Restrictions are made by statements like “if appropriate methods are 

available”, or “where relevant” or “known and expected cumulative and 

synergistic effects”  

 

 expert knowledge and judgement is required 

What is required by legislation  
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2006  2008           2010  2012           2013   2014           
2015        2016 

Colloquium 

Scientific Opinion  
Testing CRA methodologies 

Guidance document Exposure 
assessment 

Framework partnership agreement  

Scientific Opinion  
Evaluating CRA methodologies 

Scientific Opinion  
Hazard assessment (CAG) 

2010/2011 EU Report  
CRA exercises 

Scientific Opinion  
Hazard assessment (Dissimilar MoA) 

EFSA info-session on  
Cumulative risk 

assessment 
 

11th February 2014  

EFSA Cumulative Risk Assessment 

4 EFSA - RIVM symposium mixtures 



This project is funded by the Horizon 

2020 Framework Programme of the 

European Union 

EFSA – RIVM partnership agreement  

• Cumulative Assessment Group (CAG) Thyroid and Neuro  

• Full assessment following the EFSA guidance using data 

of all member states 

• Calculations for all EU member states ready within 6 hours 

• One overview for decision makers, detailed output for risk assessors 

• Successful Dutch policy to merge computer capacity 

 

The calculations are performed on high performance parallel computing 

facilities in a protected governmental ICT environment. Four years of Dutch 

governmental policy to merge computing facilities of governmental institutes 

has resulted in this ICT environment, which is hosted by RIVM and the Royal 

Netherlands Meteorological Institute (KNMI).  
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• Missing information on processing factors  

 

• Lack of information on real agricultural use and assumption 

regarding the non-detects 

 

• EFSA data collection framework and quality of the data generated 

by the Member States, how will that effect the higher intakes? 

 

• What is co-exposure or relevant exposure? Should this be defined 

as simultaneous exposure to chemicals within the same CAG and 

within a relevant timeframe for the same individual?  

 

• Many toxicological uncertainties in grouping at CAG level 2, 

refinement needed 

 

 

Challenges ahead 
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EuroMix test strategy 

7 

Cooperation with JRC and in line with JRC documents  
http://publications.jrc.ec.europa.eu/repository/handle/JRC97522 
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Adverse Outcome Pathways 

Useful concept to: 

 
• Organize current scientific knowledge 

• Consistent documentation and evaluation 

• Translate information from lower tier testing into something 

that actually matters from a regulatory perspective 
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reporter 

gene 

assays 

(BfR) 
gene level: PCR arrays (BPI) 

protein level: proteomics (ETHZ) 

ER 

transactiva-

tion assay 

(DLO-R) 

neutral lipid content (INRA/DLO-R) 

Oil Red O staining (BfR) 

GC/MS measurement DLO-R 

parameters related to 

mitochondrial function 

(UGENT) 

Advanced AOP for liver steatosis 
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AOP endocrine disruption E-T balance leading to 

 reproductive dysfunction 

Molecular 
initiating event  

Estrogen 
Receptor 
binding 

Cellular response 

Altered gene 
and protein 
expression 

Tissue/organ 
response 

Altered 
histology of 

ovaries/testis/ 
prostate/ 

Endometrium 
 

Individual 
response 

Altered 
behavior, 
Impaired 
fertility 

(reproduction) 

Toxicant 

Chemical 
properties 

Androgen 
Receptor 
binding 

Steroidogenesis 

Altered 
steroid 

metabolome 

ER, AR and 
CYP 

docking 
(QSAR) 

• Yeast ER bioassay 
• Yeast AR bioassay 
• H295R steroidogenesis assay 
• (ER and AR CALUX) 

• ER and AR activity; 
• Steroid profiles; 
• qPCR checks 

Fish Sexual Development Test 
 (FSDT, OECD Test No. 234)  

In vivo rat: 
cryptorchidism, 
nipple retention, 
anogenital distance 

PBKB modelling  

te
s
ts

  
  
  

  
  

  
  
  

  
  

 e
v
e
n
ts
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KE2 Imbalance of 
the RA dependent 
control of gene/ 

protein expression 
cascades 

BA 
formation 
(embryo) 

MIE1a. 
Altered 

function of 
factors 

balancing 
RA: ADH, 
RALDH, 
CYP26. 

KE3  Altered 
expression of 

specific 
gene/proteins 
directing the 
hindbrain cell 
specification 

Cranio-facial 
skeleton 

formation 
(fetus/adult) 

KE 4 Hindbrain 
NCC migration 

after 
differentiation 

 

KE1 RA 
amount 

imbalance 

MIE1b. 
Altered 

expression of 
factors 

balancing RA 
mediated by 

FGF, AHR 
imbalance 

MIE 2a. 
Binding with 
RA nuclear 
receptors: 
RAR, RXR 

MIE 2b. 
Epigenetic 

deregulation 
(HDAC 

inhibition) of 
genes normally 

controlled by RA 

MIE4. 
Binding with 
extracellular 

matrix 
receptors: 
endothelin 
receptors 

MIE 3. 
deregulation 

of Hoxb1, 
Krox20, 
CRABP 

Ethanol* 

Azoles* 

Heparin 
Heparan sulfate 

TCDD 
Bisphenol-A 

Synthetic 
RAR/RXR 

agonists (i.e. 
Am580/ 

AGN191701) 

HDACi 
(VPA, TSA, SAL, 

butirric acid, 
MS-275, 
apicidin, 

 boric acid*) 

Endothelin 
receptor 

antagonists 
(bosental) 

AOP for skeletal malformation 
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Exposure driven approaches 

     Pesticides and non pesticides grouped in CAGs based on 

 Pesticides: DTU list and EFSA grouping reports 

 Non-pesticides: list based on literature 

1. Toxicity data from hazard databases, TTC value (x 100) and/or 

read across 

2. Rough average exposure data from EFSA or JECFA reports 

3. Priority list for finding more refined exposure data 

4. Hazard Index (first tier assessment) when limited data available 

 

 European data collection and EFSA data warehouse 

 Full probabilistic assessment to calculate likelihood of  

    exposure for an individual  

1. Rich data availability (higher tier assessment, co-exposure) 
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Random sampling from a concentration and a consumption database 

 

0.0 

0.2 

0.4 
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0.0

0.2

0.4

0.00.71.42.22.93.6-0.7-1.4-2.2-2.9-3.6

consumption 
database 

concentration 
database 

0.0

0.2

0.4

0.00.71.42.22.93.6-0.7-1.4-2.2-2.9-3.6

Result:  
distribution of exposure 

Current probabilistic models in use  
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Exposure driven for steatosis 

14 

230 Liver CAG  
level 1 

93 = 88P + 5NP 
 CAG level 2 

Steatosis  

~300 SSD data 

 
 

52 substances 
≠ 0 

 
  

92 CAG level 2 + SSD data  

Optimistic scenario : 
censored=0 
 

P=pesticides 
NP=non-pesticides 

Reference compound: 
Ziram 
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Steatosis, all substances adults 

Co-exposure longer period                        Co-exposure one day 

Variance explained by the mixture : 
62% 

Variance explained by the 
mixture : 42% 

Variance explained by the mixture : 
12.5% 

 

Thiacloprid * 30% 
Carbendazim and 
benomyl * 

32% 
Thiacloprid * 85% 

Carbendazim and 
benomyl * 

30% Cypermethrin *  32% 
Imazalil * 14% 

Imazalil* 12% Propiconazole 17% Difenoconazole 1% 

Cypermethrin * 8% Acetamiprid 13% 
Triadimefon & 
triadimenol 0.4% 

Deltamethrin 7% Difenoconazole 3% Tebuconazole 0.02% 

Diflufenican 7% Flusilazole 2% 

Thiametoxam 4%     

Preliminary list of most relevant chemicals 52 substances,  
list will be revised it is just an example 
 

* Similar compounds between co-exposure longer period and one day 
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Exposure driven skeletal malformation 

16 

196 CAG level 1 
Developmental & 

reproductive 

51 = 44P + 7NP 
 CAG level 2 

Skeletal 

~300 SSD data 

 
 

24 substances 
≠ 0 

 
  

50 CAG level 2 + SSD data  

P=pesticides 
NP=non-pesticides 

Most lkely test compunds 

Endosulfan 

Pyrimethanil 

Pirimiphos methyl 
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Concept extrapolation to humans 
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Exposure to multiple chemicals via multiple routes (aggregated exposure) 

 Link between external and internal  

exposure (PB-PK models) 

 Link with Bench Mark Dose modelling 

 Links with molecular fingerprints (omics) 

 Data available from Member States  

 Food and non-dietary exposure  

 Risk-benefit modelling  

 

Contractual obligation to maintain the platform 

after the EuroMix project has ended.  

 

 

 

EuroMix platform with  
data and models   
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Key concepts BMD approach 

 

 

• Proast and BMDS software leading software packages 

• RIVM software PROAST will also become available as a web-based  

version (hopefully in cooperation with EFSA)  

 

EFSA BMD Guidance 
(2009) 

1. set BMR (CES) 

2. Fit model 

3. estimate BMD  

(CED) with uncertainty 

bounds 
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Adverse 
outcome 

In vivo 
experiment 

External 
exposure 

dose-
respon
se 
model 

Limit Doses 

Organ/cell 
level 

exposure 

In vitro 
experiment 

Organ/cell 
level 

exposure 

bioassay KE1 

PBTK 
model 

dose-
response 
model 

Predictive 
models 

Limit Doses are compared to Exposure 

in a Margin of Exposure approach 

bioassay KE2 

bioassay 
KE1 

bioassay 
KE2 

Organ/cell level 
effect 

Organ/cell level 
effect 

Predictive 
models 

How to address hazard modelling 
based on new test strategies? 
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In vitro to in vivo extrapolation 

URV PBPK 
will be 
extended to 
include 
inhalation 
and dermal 
exposure 
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BfR and Fera : Pesticides from CAG steatosis  

– Operator and Bystander exposures with dietary exposures  

– Cumulative (RPFs for pesticides) and aggregated exposures 

 

ETHZ and ANSES : Substance to be selected regarding diet and cosmetic 

exposures 

– General population exposed by food and non-dietary sources such 

 as cosmetics or personal care products 

– Cumulative (if possible) and aggregated exposures bisphenol A 

– PB-PK model for bisphenol A 

– General population exposed by food and non-dietary  

         sources such as dust, air, etc. 

 

 

Multiple route exposure  
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• as single exposures 

• dose response 

• relative potency 

 

• as binary mixtures 

• similar mode of action 

• dissimilar mode of action 

• as complex mixtures 

• human relevance (exposure) 

 

Testing should inform risk assessment  

• Cumulative Assessment Groups and dissimilar mode of action 

• Relative Potency Factor (from assumptions to experimental findings) 

• Identification of key-events for setting new RPFs 

 

 

Testing compounds and mixtures 
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Comparison exposure and toxicity 

• MCRA – IPRA (van der Voet & Slob 2007) can be extended to 

• Integrated probabilistic cumulative risk assessment: 

 

Is the Margin of Exposure sufficient 

In relation to regulatory concern. 
(Exposure, Toxicity) on the red-
green gradient line 

 

But what is sufficient?  

 

New approach, including 
information on sensitivity and 
variability compared to current ADI 
approach based on extrapolation 
factors. 
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• Risk assessment is a process with many stakeholders 

 

• The process should be fully transparent  

 

• Many data sets are needed as input. Data are provided  

by a diversity of organisations 

1. Food exposure data of Member States via EFSA data warehouse 

2. Non-dietary exposure data (ETHZ, RIVM, ANSES, BfR, Fera) 

3. Contacts with stakeholders, EFSA and JRC (e.g. connection and  

data supply/exchange with EFSA data ware house and IPChem 

database) 

 

Web-based infrastructure data and models available to all stakeholders 

(also beyond the lifetime of the EuroMix project)  

 

 

EuroMix platform 
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ICT infrastructure EuroMix 

• An external user (or users) can benefit from the risk calculations 
• External data (e.g. kinetic data) will be imported and linked to 

existing EuroMix data 
• EuroMix will define templates for exchange of data e.g. other 

interested parties or European initiatives 
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How to proceed with the other organs?  

 

 Adrenal glad 

 Bone marrow 

 Bones/skeleton 

 Cardiovascular system 

 Eye  

 Gallbladder  

 Haematological system 

 Kidney 

 Liver * 

 

Only two Mode of Actions will be studied in EuroMix,  

• chemicals to which we are exposed to the most 

• however, a limited number of chemicals 

• pesticides and other chemicals  

 Muscles 

 Nervous system 

 Parathyroid gland 

 Reproductive system * 

 Developmental toxicity * 

 Spleen 

 Thyroid  

 Urinary bladder 

16 organs identified by EFSA 
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How to proceed with cooperation  

Suggestions: 

 

1. Exchange of scientific knowledge, models and data, Europe needs a 

sustainable infrastructure respecting the effort of the institutes 

generating the data 

 

2. More durable co-operation based on willingness between: 

• EU projects dealing with the same issues (AOP, data, ICT platform) 

• EU projects and national initiatives 

 

3.  European Research Infrastructures (ESFRI) and joint programming 

initiatives 

• Matching of national research infrastructures and agendas with 

international goals 
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1. EFSA grouping pesticides in CAGs is starting point 

 

1. EuroMix has organized testing into three AOP networks 

 

2. Chemicals with highest probability of co-exposure will be selected first 

 

3. EuroMix platform will consist of models that can be used as  

stand alone or as integrated models for future risk assessment of  

mixtures 

 

4. Still much work to do. Sustainability of EU project achievements  

and infrastructure is needed 

 

 

 

Conclusion 
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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. 

 

 

 

www.hse.gov.uk 
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