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Questions 

• How in vitro toxic are dioxins/PCBs compared to 
pesticides, EDCs, metals & others? 

 

• How can we speed up to eliminate the in vitro 
toxic effects of pollutants ? 

 

• How can we know more about the unknown  

      in vitro effects of chemical pollutants ? 

  

 



Untested 

chemicals 

Tested chemicals 

•Ca 130 monitored 

(soil) 

•Ca 1000 complete risk 

assessment 

•30 000 > 1 ton 

•50 000 000 CAS 

•Natural/metabolites> 

???? 

Monitored chemicals 

New 

legislation 

NIES 100614 

Chemical monitoring alone is insufficient 



Heat Map of BFRs  

(Hamers et al) 
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Heat Map of PFTs 

(Behnisch et al. DIOXIN 2012)  

PFAA Molecule REP 1 PPARα PPARγ 
Perfluoro-butanoic acid (PFBA) C4F7O2

- 0.26 0.17 ˂ 2-fold induction 

Perfluoro-pentanoic acid (PFPeA) 
 

C5F9O2
- 

 

0.50 0.22 ˂ 2-fold induction 

Perfluoro-hexanoic acid (PFHxA) C6F11O2 - 0.41 0.38 ˂ 2-fold induction 

Perfluoro-heptanoic acid (PFHpPA) C7F13O2
- 0.89 2.1 ˂ 2-fold induction 

Perfluoro-octanoic acid (PFOA) C8F15O2 - 1 1 ˂ 2-fold induction 

Perfluoro-nonanoic acid (PFNA) C9F17O2
- 0.61 0.55 ˂ 2-fold induction 

Perfluoro-decanoic acid (PFDA) C10F19O2
- 0.37 Not active ˂ 2-fold induction 

Perfluoro-undecanoic acid  (PFUnDA) C11F21O2
- 0.15 Not active ˂ 2-fold induction 

Perfluoro-dodecanoic acid (PFDoA) C12F23O2
- Not active Not active ˂ 2-fold induction 

Perfluoro-tridecanoic acid (PFTrA) C13F25O2 - Not active ˂ 2-fold induction 

Perfluoro-tetradecanoic acid (PFTeDA) C14F27O2
- Not active ˂ 2-fold induction 

Perfluoro-butane-sulfonic acid (PFBS) C4F9O3S- Not parallel 
curve 

˂ 2-fold induction 

Perfluoro-hexane-sulfonic acid (PFHxS) C6F13O3S - 0.41 ˂ 2-fold 
induction 

0.61 

Perfluoro-octanesulfonic acid (branched-PFOS) C8F17O3S- 0.26 ˂ 2-fold 
induction 

0.40 

Perfluoro-octanesulfonic acid (linear-PFOS) C8F17O3S-  ˂ 2-fold 
induction 

1 



Dutch Be-Basic Project 



Example CALUX profiling: pesticides vs heavy metals 

heavy metals: 
- acute toxicity 
- general/oxidative stress 

Clearly different profiles! 
 
pesticides: 
- endocrine activity 

no activity 
EC10 = 1E-3M 
EC10 = 1E-7M 



Example CALUX profiling:  
REPs for CALUX panel of Dirty Dozen 

PCB/PCDD/Fs: 
- AhR receptor activity 
- anti-AR, anti-PR 

Clearly different profiles! 
 
pesticides: 
- endocrine activity 

no activity 
EC10 = 1E-3M 
EC10 = 1E-7M 

Values indicate relative potency (REP) values compared to the reference 

compound activity. Yellow -> red = increasing relative potency. Reference 

compounds: ERa; E2. AR-anti; flutamide. PR-anti and GR-anti; Ru486. DR; 

TCDD. PAH; Benzo-a-pyrene. 

 

 



Chemical pattern vs Tox patterns 

Rapidly identify risks of single chemicals (for humans, environment) 
Measure chemicals in complex mixtures and link this to hazards 
Example pesticide dump side 

  Dump 1 Dump 2 

alpha-
HCH 690,0 3,8 

beta-
HCH 120,0 13,0 
gamma-
HCH 8,3 570,0 

delta-
HCH 5,0 6,2 

Aldrin 0,0 0,9 

Dieldrin 1,4 0,0 

Endrin 0,0 0,0 

o,p-DDT 4,5 48,0 
p,p-DDT 32,0 310,0 

PCDDs, 
PCBs, 
PBDEs, 
PFTs 
xxxxxxxx ????? ?? 



EU DEMEAU Project 



 PRE-SCREENING technique  monitoring bioactive 

micropollutants 

 

 COST-EFFECTIVE complementary tool 

to chemical analysis 

 

 Incorporates MIXTURES and UNKNOWNS 

 

DISSEMINATION  

– Bioassays in water quality monitoring 
 



 Dutch & Australian case studies 

 

 

Encouraging examples 
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 Change conventional monitoring practice 

 

Bottlenecks & solutions: first step  

…to identify the relevant toxic endpoints  

of all relevant WFD compounds   
 

CALUX screening 

of the WFD 

compounds 

(n=33+8) 

Identify the toxic 

endpoints  in line 

with the recent 

experiences 

(Dutch/Australian 

case) ?? 



 Regulatory acceptance 

 

Bottlenecks & solutions: 3nd step 

TEQ value approach to handle a complex 

mixture of endocrine disrupting chemical 
 

1.) TEQ value approach 

 Food safety (e.g. dioxins) 

Learning from existing safety 

assessment practice 2.) 

In vivo 

relevance / 

Health impacts 



Anu Kumar and Peter Bain from CSIRO, Australia:  

Endocrine activity in wastewater extracts during treatment   



Anu Kumar and Peter Bain from CSIRO, Australia:  

Endocrine activity in wastewater extracts during treatment   

(CALUX bioassays) 
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ER CALUX vs Chemical analysis (E1, E2, EE2) 



www.ofi.at 

September 2014 

Detection and Identification of Endocrine 

Active Substances in Food Packaging 

OFI  Austrian Research Inst. for Chem. and Tech. 

Christian Kirchnawy 

and 

Johannes Mertl 

 



Sample treatment scheme 



Sample analysis of food contact materials More than 300 food packaging analysed for hormone activity: 

 

• PET, PP, PE, PS, composite films, paper, food cartons 

• About 85% of analysed packaging did not show any hormone activity!  

• Erα CALUX®: about 15% estrogen active, activities lower than 

expected, based on studies on mineral water 

• No sample was tested androgen or thyroid hormone active 

• Some of the estrogen active migrates were  

also antiandrogen active  

• 8 out of 70 samples showed very low activities  

in the PPARγ CALUX® 



 

Identification by GC-MS and HPLC-MS difficult ! 

Substances identified that cause hormone activity: 

• Degradation products of antioxidants  

• 2,4-dicumylphenol 

• 4-cumylphenol 

 

• By-products of polystyrene polymerization ? 

• 1,3-diphenylpropane 

• trans-1,2-diphenylcyclobutane 

• 1,1,3-trimethyl-3-phenyl-2H-indene 

• 2,4-diphenyl-4-methyl-1-pentene 

Identified hormone active substances in food contact materials Mostly non-intentionally added substances (NIAS):  



Degradation of antioxidants to hormone-active 

products 
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Antioxidant Alkanox 28 
(no estrogen activity) 
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PP-Sample: Effect of processing on endocrine activity 



DOSE RESPONSE CURVE IN 

DR-CALUX 

ED50= 1/47 

NOED<1/512 
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High oil spil activity observed in DR CALUX 

(By Dr. J. Navas Team, INIA, Madrid) 

 

Summary:  

- Water soluble fraction of Prestige´s fuel 

induces CYP1A and activates AhR 

-  Such AhR activation can  been 

associated with disruption of the 

estrogen receptor (ER) mechanisms of 

action, which can probably lead to 

reductions of the reproductive 

performance.  
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Monitoring of endocrine disrupting chemicals in our 

daily life: 

 

House dust as marker for emerging endocrine disrupters 

in households 



Indoor house dust (5 countries) as marker for  

“household EDCs and obesogens”  
(Suzuki et al EST 2013) 

25 



Many compounds in house dust  

& many CALUX effects =  

many more R&D studies needed 
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High persistent dioxin-like activity in house dust 

Suzuki et al (2014), Current Organic Chemistry 18 



Ant-agonistic effects more relevant  

than agonistic effects 


