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Replacement Flame Retardants
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Flame	retardants
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Infants	&	Children	Highly	Exposed



Polybrominated diphenyl	ethers
(PBDEs)

• Thyroid	Hormone
– Reduced	TSH	and	T4

• Neurodevelopment

– Behavior,	cognition	and	motor	skills	in	birth	cohorts

• Reproductive
– Increased	time	to	pregnancy	and	failed	implantation,	

decreased	birth	weight,	altered	growth	trajectory
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Replacements	in	Foam
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PentaBDE

EH-TBB TPHP

TDCIPP Firemaster
550®Phased-Out

(2005)

BEH-TBPH ITPs
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Nursing	Mothers

Office	Workers

Gymnasts

Characterizing	Human	Exposure
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Carignan	et	al.	ES&T	(2012)

Mothers	with	7	or	more	
electronic	items	had	average	
HBCD	concentrations	that	were	
153%	higher	than	those	who	had	
4	or	fewer	(95%	CI=34-375%).
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HBCD	in	Breast	Milk



• Alternatives	Assessment
• Significant	New	Use	Rule
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EPA’s	Intervention



Carignan	et	al.	Environ	Int (2013)
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Urinary	TDCIPP	Metabolite

100%	Detection	Frequency

Parent	Compound Urinary	
Metabolite

Linear	regression:	Evaluate	associations	with	demographic,	
dietary,	and	behavioral	characteristics

29	Office	workers



Carignan	et	al.	Environ	Int (2013)
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Predicted	by	Office	Building

GM	concentration	26%	lower	among	workers	in	Building	A	(p=0.01)

Office	environment	a	source	of	exposure



12

Carignan	et	al.	Environ	Int (2013)

Predicted	by	Handwashing

(≥6x/day)
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Public	Health	Interventions

2.	Change	in	Boston	Fire	Codes	
negating	requirement	for	flame	
retardants	in	upholstered	
furniture	for	public	spaces

1. Hand-washing
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Foam	in	Gymnastics	Safety	Equipment
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Loose	Foam	Pit
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Carignan	et	al.	ES&T	(2013)

Elevated	in	Gym	Air	and	Dust

Dust:	200x	higher	in	gym	compared	to	residences	(371	vs	1.69	ug/g)

Air:	400x	higher	in	gym	compared	to	residences	(120	vs	0.29	ng/m3)

Consistent	with	first	gym	and	with	a	second	study	(Laguardia et	al.	2014)
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Light	Degrades	Foam	into	Dust



Elevated	in	Gymnast	Serum
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19Carignan	et	al.	Environ	Int (2016)

Pit	Cubes	and	Replacement	FRs
89%  contained flame retardants
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www.gymnastcollaborative.org



Flame	Retardants	Act	on	the
Hypothalamic	Pituitary	Thyroid	Axis
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triphenyl Phosphate
(TPHP)

isopropyl	triphenyl phosphate
(mono-ITP)

tris(1,3-dichloro-2-propyl)	phosphate
(TDCIPP)

polybrominated diphenyl ethers
(PBDEs)

hexabromocyclododecane
(HBCD)

tetrabromobisphenol-A
(TBBP-A)



Health	Effects	of	Replacements

• Potential	carcinogen	(TDCIPP)

• Neurologic
– Neurotoxicity:	in	vitro	effects	similar	to	chlorpyrifos (TDCIPP)

– Neurodevelopment:	Increased	anxiety	(FM550)

• Reproductive
– Reduced	egg	quality,	spermiation,	and	fecundity	in	zebrafish	

(TDCIPP,	TPHP)	

– Decreased	semen	quality	in	adult	men	(TDCIPP)
22



Pre-
conception
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Pregnancy Early	Life Childhood Adolescence

Benefits:
• Measure	exposure	preconception	(sensitive)
• Include	infertile	couples	(susceptible)
• Include	male	partner	(important)
• Measure	early	developmental	endpoints

Preconception	Cohort	Study	Design

Infertility	clinic
population
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Higher	Among	Women

BDCIPP DPHP ip-PPP

Carignan	et	al.	EHP	2017
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Predictors	and	Trends

• Decreased	with	Age

• Increased	with	BMI

• Varied	with	time	(year	and	season)

• Weak	to	Moderately	Correlated	(rs=0.19	to	0.25;	
p<0.05)

• ICCmonths=0.34	to	0.37;	ICCweek=0.44	to	0.53



Carignan	et	al.	EHP	2017 26

31%

41%

38%



Carignan	et	al.	EHP	2017 27



Clinically	Relevant
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18%	Decline	in	the	proportion	of	live	births



Fertilization Live	BirthPregnancyImplantationOocyte	Count

ƩPFRs ƩPFRs ƩPFRsƩPFRs

Negative	association,	p<0.20
Positive	
association	
(p<0.05)

Negative	association	(p<0.05)



Consistent	with	other	studies

• Promotion	of	oocyte	maturation	but	reduction	in	egg	
quality,	reduced	spermiation,	and	decreased	
fecundity	in	zebrafish	(Wang	et	al.	2015)

• Decreased	sperm	motility	in	adult	men	(Meeker	et	al.	2010)
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• Support	programs	like	EPA’s	Safer	
Choice

• Opt	for	FR-free	products	
(www.greensciencepolicy.org)

• Limit	electronic	items	(AV)

• Avoid	installing	carpet	padding	
that	uses	recycled	foam

• Wash	hands	before	eating
31

Tips	for	Reducing	Exposure
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Poly- and	Perfluoroalkyl Substances

Hu et al. 2016 Environ Sci Technol Lett
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Thank	You!

carignan@anr.msu.edu


