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Why indoor dust? 
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Betts Environ Health Perspect 2008  

Concern about flame retardants (FRs) in indoor dust 

3 



FRs detected in house dust around the world 
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Brommer et al.  J Environ Monitor 2012; Marklund et al. Chemosphere 2003; Stapleton et al. Environ Sci Technol 2005;2009; Suzuki et 
al. 2008; 2010, Takigami et al. Environ Int 2009; Van den Eede et al. Environ Int 2011  



Betts Environ Health Perspect 2008  

Importance of indoor dust as human exposure pathway for FRs 
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Need for effective chemical assessment to reveal contaminants 

Indoor dust 

Effect and exposure analysis by using CALUX assays 

Important pollutants 

TDCIPP TPhP PBDFs 
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Effect and exposure analysis by using  

DR-CALUX assay and steroidal CALUX assays 

Topics 
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PBDFs 

Impurity in commercial PBDE mixture 

Decomposition product from PBDEs 

Suzuki et al. Environ Sci Technol 2007; 2010 

Dioxin-like compounds 

Effect and exposure analysis by using DR-CALUX assay 
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Tested indoor dust extract 
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DR-CALUX assays for detection of dioxin-like compounds 

DR-CALUX reporter gene assays with rat H4IIE 
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Dose-response of indoor dust extracts on DR-CALUX cells 

pM 2,3,7,8-TCDD in well 
mg dust in well 
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CALUX-TCDD equivalent for indoor dust extracts 
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CALUX-TEQ for indoor dust extracts from Vietnam 

Tue et al. Environ Sci Technol 2010 13 



CALUX-TEQ for indoor dust extracts from United States 
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Average daily doses of dioxin-like compounds via house dust 

WHO TDI for dioxins: 1 to 4 pg WHO-TEQ/kg 

15 



Well-known dioxin-like compounds were detected in fractions indicating activities 

DR-CALUX-directed chemical analysis for indoor dust 

PCDDs 
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PBDFs, 17% 

PCDDs, 14% 
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Co-PCBs, 0.019% 

Unknown 

59% 

PBDFs  are an important contributor 

Median-based contribution ratio for dioxin-like compounds in indoor dust (n=33) 
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PBDFs 
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Endocrine-disrupting compounds 

Effect and exposure analysis by using steroidal CALUX assay 

TDCIPP TPHP Others 

? 

Suzuki et al. Environ Sci Technol 2013 19 



Tested indoor dust extract of Japan, US, PHL, VN and IND 

5−10 g of indoor dust 

Extraction with SE-100 or Soxhlet 

Composite extract 

 Removal of impurities by tweezers 

Acetone/toluene composite extract 

CALUX assays 

 Evaporation 

 DMSO 

 1st extraction with acetone  

 2nd extraction with toluene  
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Tested brominated FRs 

BDE-47 BDE-99 

BDE-209 γ-HBCD TBBPA 

BDE-100 BDE-183 

PBDEs designated as POPs 

Major brominated FRs in the world 
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Tested phosphorus FRs 

TPrP 

(Tripropyl phosphate) 

TBP 

(Tributhyl phosphate) 

Phosphorus FRs detetcted in house dust at high concentration 

TCIPP 

(Tris(2-chloroisopropyl)phosphate) 

TCEP 

(Tris(2-chloroethyl)phosphate) 

TBEP 

(Tris(2-butoxyethyl) phosphate) 

TDCIPP 

(Tris(1,3-dichloroisopropyl)phosphate) 

TPhP 

(Triphenyl phosphate) 

TCP 

(Tricresyl phosphate) 

Brommer et al.  J Environ Monitor 2012; García et al. J Chromatogr A 2007; Kanazawa et al. Indoor Air 2010; Marklund et al. 
Chemosphere 2003; Stapleton et al. Environ Sci Technol 2009; Takigami et al. Environ Int 2009; Van den Eede et al. Environ Int 2011  
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2,6-TXP 

(Tris(2,6-dimethylphenyl) phosphate) 

TEHP 

(Tris(2-ethylhexyl) phosphate) 

Others 
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Phophorus FRs 
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Androgen receptor (AR) 
Estrogen receptor α (ERα) 
Progesterone receptor (PR) 

Glucocorticoid receptor (GR) 
Peroxisome proliferator–activated receptor γ2 (PPARγ2) 
 
 
 Receptor-mediated agonistic and antagonistic potency 

CALUX assays for detection of endocrine-disrupting potencies 
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Hierarchical clustering for detected end points of indoor dust and FRs 

High-frequency effects: AR/PR antagonist and ERα agonist 

Indoor dust Tested FRs 
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Hierarchical clustering for indoor dust 

AR/PR antagonist and ERα agonist 
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Hierarchical clustering for tested FRs 
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FRs concentration in indoor dust from Japan (ng/g) 

Takigami et al Environ Int 2009 

BDE-47 

Median: 4.8 
Range: 0.90 - 22 

BDE-99 

Median: 6.0 
Range: 0.60 - 15 

HBCDs 

Median: 740 
Range: 72 - 1300 

TBBPA 

Median: 77 
Range: 7.0 - 290 

PBDEs designated as POPs (n=8) 

Phosphorus FRs (n=8) 

TPHP 

Median: 1200 
Range: 110 - 2600 

TDCIPP 

Median：1700 
Range：69 - 18000 

Major brominated FRs (n=8) 
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FRs concentration in indoor dust from US (ng/g) 

BDE-47 

Median: 640 
Range: 100 - 2100 

BDE-99 

Median: 680 
Range: 160 - 13800 

HBCDs 

Median: 240 
Range: < 2 - 2800 

TBBPA 

Median: - 
Range: - 

PBDEs designated as POPs (n=17) 

Phosphorus FRs (n=50) 

TPHP 

Median: 5500 
Range: < 150 - 1800000 

TDCIPP 

Median：1900 
Range： < 90 - 56000 

Major brominated FRs (n=50) 

Stapleton et al Environ Sci Technol 2005; 2009 29 
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On-going studies 
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TDCIPP 

In vivo experiment 
(Anti-androgenic effects) 

Indoor dust extract 

Effect-directed chemical analysis 
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& 

Quantification 



Thank you for kind attention! 
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