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• What have Non-communicable disease to do with POPs & EDCs?

• How to analyse POPs & EDCs efficiently?

• Toxicity profiles of POPs & EDCs

• Examples of Dioxins/PCBs in the environment and their food impact

• Harbor Cities & Dioxins/PCBs

• Can consumer products and toys contain dioxins and EDCs?

• Tissue, blood and mother milk testing in wildlife and humans

• Take home message

In the focus….



Are Non-communicable diseases (NCDs) linked to 

thousand's of uncontrolled chemicals e.g. in plastic?
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Policy and regulators for 

POPs & EDCs



How to analyze them?

Chemical versus biological analysis

Escher and Leusch (2012)Meeting presentation - ©2019 BDS bv all rights reserved



Cellular CALUX bioassays as marker for disease
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Disease Mechanism Chemicals CALUX Tests

Chloracne AhR receptor dioxins, dl-PCBs DR CALUX

Obesity PPAR receptors insufficiens,  fat 

storage

TBT, PFOA/PFOS PPAR CALUX

Breast cancer, 

Menopause

estrogen sensitive cells E2, EE2, E3, BPA, Phthalate, 

Pesticides
ER CALUX

Prostate cancer androgene sensitive cells BPA, Anabolic steroids AR CALUX

Infertility endocrine dependent sex organ 

function/development

phthalate, BPA, NP, OP, ER, AR, TR, PR CALUX

Hyper sensitivity oxidative stress pathways Pestizide Nrf2 CALUX

Cancer General genotoxicity, DNA repair mechanism BaP, dioxins, PCBs P53, PAH CALUX, Dioxin 

CALUX

Asthma, Allergy glucocorticoid sensitive dexamethason, Pharmaceuticals GR CALUX

Thyroid gland complex T3 TR CALUX

Metabolic Syndrome complex dioxins, dl-PCBs, hormones DR and ER CALUX

Leukemia estrogen sensitive dioxins DR CALUX

Menopause ER/AR pathways hormones ER and anti-AR CALUX7

Diseases & In vitro Mode of Actions
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How does CALUX® works?
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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.
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Japan (2001): DR CALUX vs GC/HRMS 

for emission gas samples (n=61)

y = 3.2483x - 0.0245

R2 = 0.9968

FN/FP ratio in comparison with the emission limit (0.1 ng-TEQ/m3N)
FN: 0/61, FP: 19/61

FN/FP ratio in comparison with the emission limit (5 ng-TEQ/m3N)

FN: 0/61, FP: 4/61

In courtesy of Dr. H Takigami, NIES, Japan



Japan (2005): DR CALUX in 

soil and sediment 

Organizer: Dioxin Control Office, Ministry 

of the Environment, Japan

Time period: 2005-2006

Participants: 14 institutions 

4 reporter gene assays

Samples for blind tests

19 soil samples consisting of four 

subgroups (TEQ: 15 – 450,000 pg/g)

18 sediment samples consisting of five 

subgroups (TEQ: 2.8-2,400 pg/g)

Obtained conclusions:

DR CALUX accepted as screening methods

for TEQ measurement (resulting in 

guideline JIS 463, 2010).
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EU Reference Lab JRC, Ispra, Italy (2011):

Sediments analysis by 

DR CALUX vs. HRGCMS Analysis

Elbe Catchment and North Sea solids:  DR CALUX versus HRMS
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Involved international Dioxin/PCB Crisis & 

Impact in feed/food chain
Country Dioxin Source Parameters Economical damage

Brazil (1995) Pesticides in Citrus Pellets Dioxins 100 MIO EUR

Belgium (1998) PCB Transformer Oils as feed PCBs 625 MIO EUR (Wikipedia)

Australia (2005) Harbor & pesticides Dioxins Ca. 5 MIO EUR

Chile (2013) Feed addities Dioxins, dl-PCBs Ca. 10 MIO EUR

China (2014) Industrial sides Dioxins, dl-PCBs No further action

Italy (since 2010) Uncontrolled waste burning Dioxins, dl-PCBs Ca. 100 MIO EUR

Kuwait (2012) National Food Monitoring Dioxins, dl-PCBs No further action

Thailand (since 

2010)

National Food Monitoring Dioxins, dl-PCBs

Israel (since 2011) Milk, egg, feed monitoring Dioxins, dl-PCBs

Germany (2011) Liquid fat for feed Dioxins Ca. 100 MIO EUR

Turkey (2012) National Food Monitoring Dioxins, dl-PCBs

Vietnam (since 

2013)

Hot spots & decontamination Dioxins, dl-PCBs Ca. 100 MIO EUR

Brazil (since 2016) PCP in recycled wood, since 

than National Monitoring by us

Dioxins, dl-PCBs Ca. 100 MIO EUR 16



Dioxin problems Unsolved –

The old dirty dozen is more than ever alive..
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Kuwait: National Food/Feed Monitoring (2014)
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Summary

→ 318 (85 local and 233 imported) bovine and sheep meat, poultry meat, milk, 

eggs, and fish, were purchased from Kuwaiti supermarkets and local 

distributors

→ 26% chicken meat, 20% beef meat, 6% lamb meat, 6% milk and egg 

products very non-conform of EU guidelines

→ all fish and animal feed samples very conform EU guidelines
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China: free range chicken eggs from several 

industrial hot spots (2015) 

Beihei –metallurgic plant: 5-7 x EU Max

Likeng – Waste incinerator: 3 x EU Max

Quihua – PVC plant: 2 x EU Max

Shenzhen – Waste incinerator: above 1 x EU Max

Wuhan – waste incinerator: 1-7 x EU Max, with 

high PBDD/Fs levels

“This publication is part of 

Strengthening the capacity of 

pollution victims and civil society 

organisations to increase chemical 

safety in China”
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The Netherlands (OVOC, 2004): Industrial effluents from the 

Chlorine Chain with high dioxin levels due to chloroprene 

rubber, HCl and trichloroethylene

Van Hattum et al., 2004



22

PCDD/Fs
PCBs

PBDEs
Others

Sample A Sample B Sample C

B
io-a

ss
a
y

 T
E

Q

PCDD/Fs
PCBs

PBDEs
Others

Sample A Sample B Sample C

B
io-a

ss
a
y

 T
E

Q

PBDD/Fs

Kobe
Osaka

Wakayama

Kino River

Yodo River
Kako River

Osaka Bay

10km

Yamato

River

S3

S5

S2

S4

Core

S1

S6

Osaka Bay

N

Osaka Bay, Japan: 

DR CALUX covers also brominated dioxins



Sydney Harbour, Australia 2006: 

Many fish dioxin polluted 

through pesticide producer

Summary:

→ Good correlation between DR CALUX and GC/HRMS

→ National acceptance in a few weeks 

In courtesy of 
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Toys & consumer products with high 

levels of brominated dioxins



Dioxins & other POPs in chicken eggs 

at E-waste recycling sides in Africa

PCDD/F/PBDD/

F/DL-PCB-TEQ

(pg TEQ/g fat)

Yaoundé

-hospital
Accra –

Agbogbl.

Accra -

hospital

Kumasi -

hospital

Accra-

super-

market

EU 

stand.

/limit

s

DR CALUX 9.6 840 56 5.2 1.2

GC/HRMS 11.4 1150 63 2.6 0.56 5.00

Other POPs

HCB 1.4 25.1 3.63 0.76 < 0.2 -

PeCB 0.35 22.4 2.88 < 0.2 < 0.2

6 PCB 30 168 7.8 < 1.2 < 1.2 40.00

sum HCH 2.5 < 0.6 < 0.6 < 0.6 < 0.6

sum DDT 22 9.7 79 0.82 < 1.2
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Can we relate effects in wildlife 

with in vitro effects

Dr. Go SUZUKI

Center for Marine Environmental Studies, Ehime University, Japan

Dead birth

Cancer

Deformity Deformity

Deformity

Relation with contaminants?

Mass mortality
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EU: Best biomarkers for EDCs 

for mother- newborn baby ?

1st case: 5 EU countries

•NEW GENERIS project from 2006 to 2009

•approx. 1000 mother- newborn baby cohortes 

•from 5 different countries (Denmark, UK, Norway, 

Greek, Spain)

•cord and motherblood was taken at day of birth

•Analysed by DR-, ER and AR CALUX
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CALUX responses are correlated to 

several health effects

Effect Publikation CALUX Test Country

Leukemia Cancer Epidemiol

Biomarkers Prev

2012;21:1756-

1767 & others

DR/ER CALUX Global

Leukemia Environ Health 

Perspect 122:193–

200

DR/ER/AR CALUX Spain

Birth weight Science of the 

Total Environment 

484 (2014) 121–

128

DR CALUX Spain/Greek

Childrens 

development

Environment 

International 

DR, ER AR 

CALUX

Denmark



2nd case: 

Neighbors living nearby an industrial land fill 

in Kamp-Lintfort in Germany

32



3rd case: 

“Land of fire”, wider area, Napoli, Italy: 

Blood testing of humans and animals 

by CALUX panel (buffalo, horse, dogs, 

human)
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Table 2 and Figure 2:  Minimum, median, maximum, mean, 95% and 5% percentile value of the 

PCDD/PCDF/dl-PCB/dl-compounds-TEQ analysed by DR CALUX® from human, 

buffalo and horse plasma samples in several locations in the Campania region, Italy 

(e.g. Avellino, Salerno, Caserta and Napoli area). 

 DR CALUX® 

  Human Buffalo Horse 

Number of 
values 

22 60 20 

    
minimum 7.3 12 5.5 
median 32 37 17 
maximum 169 551 190 
     
5% percentile 7.5 14 5.7 
95% percentile 160 200 180 
     
mean 39 55 27 
SEM 7.6 10 8.7 
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Human plasma testing for dioxins and dioxin-

like compounds in Campania region, Italy



Harbor City Istanbul, Turkey (Yilmaz et al 2014)

Mother milk biomonitoring by DR CALUX

• Investigation of  breast milk of 48 healthy lactating mothers 

who live in Istanbul

• There was significant correlation between DR-CALUX values 

and genotoxicity by comet assay scores (p<0,001). 

• Also a significant correlation was seen between Body Mass 

Index (BMI) and DR-CALUX results. 

• The highest DR-CALUX values (13 and 12 pg PCDD/F/dl-PCB-

BEQ/g fat) were detected for the samples taken from mothers 

with the highest BMI scores

• Less than 10% of breast milk samples have been above 10 pg 

PCDD/F/dl-PCB-BEQ/g fat.

• These  values are comparable to other CALUX studies in breast 

milk e.g. China (mean value around 14 pg TEQ/g fat, Lui et al 

2007 or Kayama et al 2003).
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Hong Kong/China (2007):

Mother milk testing by DR CALUX and GC/HRMS 

[WHO- and EU Reference lab CVUA Freiburg] 

Comparison DR CALUX-Total-TEQ (BDS) and HRGC/HRMS WHO-Total-TEQ (WHO Reference lab) for pooled breast milk 

samples (pg/g fat) from Hui et al. Chemosphere 69, 1287 (2007)
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• Monitoring of POPs & EDCs in water, food & blood

• Providing robust, easy, high capacity and low cost 

state-of-the art de-risking solutions

• Prevent consumer scares through monitoring

of environmental sources, food and human uptake

• POPs & EDCs as well as other toxic pathways

More safety –

through covering also the unknown 

We are 
ready 
to go!



Invitation for 12th BioDetectors Conference 

Vienna, 26/27th Sept 2019


