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Flame retardants

PBDEs Emerging FRs TAPs DAPs

TBPH
TBECH

BDE-28
BDE-47

HBB
HCDBCO

*TnBP
TCEP

DnBP
BCEP

Dust / Air / serum Dust / Air Dust / Air UrineDust / Air / serum

TBB
DPTE
PBEB
p-TBX

BDE-99
BDE-100
BDE-153
BDE-154

BTBPE
Dec602
Dec603
syn-DP

TCPP
TBEP

TPP
TDCPP

BCPP
BBEP
DPP
BDCPP

OBIND
ATE
BATE
TBCO

BDE-183
BDE-209

anti-DP
DBDPE

EHDPP
TCP

TBCT
PBBz
PBBA
PBT

* used as plasticizer



Indoor exposure to flame retardants
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Analytical methods
*Air Serum*Dust UrineAir SerumDust Urine

Amount 17 m3

(PUF)
75 mg 

(40 mg SRM2585) 2 mL 10 µL

Extraction Sonication
(Hex/Acetone 3:1)

Sonication
(Hex/Acetone 3:1) SPE (DCM)

F i i

Clean-up Silica/H2SO4 
(except TAPs) Silica/H2SO4

Fractionation

Technique

Ionisation EI ECNI ESI-

FR PBDE/EmergingTAP DAP

*Performed at the Toxicological Center, University of Antwerp (Belgium)



OPFRs in air and dust
Air + Particulate matter % > LOD
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OPFRs in air and dust
Typical composition

99%; 4 FRs99%; 4 FRs



OPFRs in air and dust
p<0.001 p<0.001

Air units: ng/m3

Dust units: ng/g

p<0.001 p=0.007Log transformed data

SPSS v20

SPSS v20



Indoor exposure

PBDEs Emerging FRs TAPs66 (6)


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Country comparison of OPFRs in dust
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200 median meanAir + particulate matter

PBDEs / emerging FRs in air and dust
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100
200 % > LODAir + particulate matter

PBDEs / emerging FRs in air and dust
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PBDEs / emerging FRs in air and dust
Typical compositionTypical composition

95%; 7 FRs



PBDEs / emerging FRs in air and dust



Indoor exposure

PBDEs Emerging FRs TAPs66 (6)
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PBDEs Emerging FRs TAPs53 (6)
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Country comparison of PBDEs and emerging FRs in dust
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Indoor exposure to flame retardants

PBDEs Emerging FRs TAPs66 (6)
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PBDEs Emerging FRs TAPs53 (6)
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FRs in air and dust

◊ 95 % of the air composition of FRs can be predicted from dust concentrations

Take home messages:

Air Chlorinated (80%) > Alkyl (15%) > Aryl (1%)

◊ OPFRs composition
( ) y ( ) y ( )

Dust Alkyl (66%) > Chlorinated (21%) > Aryl (13%)

TBEP is the dominant OPFR, but their use in Norway is not among the highest

Air PBDEs (64%) > Others (36%) > Dechloranes (0%) > TBB/TBPH (0%)

Dust PBDEs (69%) > Others (20%) > Dechloranes (1%) > TBB/TBPH (10%)

◊ PBDEs and emerging FRs composition

Dust PBDEs (69%) > Others (20%) > Dechloranes (1%) > TBB/TBPH (10%)

High levels, although much lower than USA
except BDE-209

DBDPE 90%

Moderately high





Structures
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DAP in urine

45 DPP BDCPP DBP

24 h urine collection (pg/µL)

19 DPP BDCPP
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Children Mothers
DAP in urine

DPP DPP
Ch ldren Mothers

BDCPPBDCPPBDCPP



Children Mothers

DAP in urine

DnBP DnBP
Children Mothers

BBEP BBEP



Children Mothers
DAP in urine

% > LOD % > LOD

Ch ldren Mothers

2 5

3.0

3.5

ct
ed

)

median mean
100

2 5

3.0

3.5

ct
ed

)

median mean

% > LOD % > LOD

98

1.0

1.5

2.0

2.5

pg
/µ

L 
(S

G 
co

rr
ec

1.0

1.5

2.0

2.5

pg
/µ

L 
(S

G 
co

rr
ec

6

57
21

0.0

0.5

BBEP BDCPP DPP DnBP BCPP BCEP
p

61
86

38 2 5
0.0

0.5

BBEP BDCPP DPP DnBP BCPP BCEP

p

Different patterns and levels of exposure



% > LOD    80      79     80     80      80    73      50     26     67     23       0      80      6  

OPFRs in air and dust
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100
200 % > LODAir + particulate matter

PBDEs / emerging FRs in air and dust
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Metabolisable FRs in urine

49

Oasis HLB Acquity BEH C18

LVI-SPE-UPLC Q-TOF (ESI-)

DAPs



Chromatography – Buffer pH

pH 2.6 - HCOOH ↔ H+ + HCOO-

DBP

pH 2.6 - HCOOH ↔ H+ + HCOO- DPP

pH 4 - (NH4OH) + HCOOH ↔ NH4HCOO + H2O

pH 4 - (NH4OH) + HCOOH ↔ NH4HCOO + H2O

pH 9 - NH4OH + (HCOOH) ↔ NH4HCOO + H2O

pH 9 - NH4OH + (HCOOH) ↔ NH4HCOO + H2OpH 9 NH4OH + (HCOOH) ↔ NH4HCOO + H2O



Chromatography

BBEP

BDCPP

DPP

DBP

BCPPBCPP

BCEP


