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Introduction 
 
Many childcare environments use polyurethane foam mats for the children’s naptime. These are 
typically vinyl covered, one- to two-inch thick mats. Until recently, the vast majority of these 
mats in the United States contained flame-retarded polyurethane foam to meet California 
Technical Bulletin 117 (TB 117) requirements.1 With the update of TB 117, however, flame-
retardant-free nap mats are now widely available. Research conducted in 2010 and 2011 found 
that childcare facilities in which nap mats are used had higher levels of certain flame retardants 
in the dust, suggesting that nap mats are a significant source in these indoor environments.2 The 
aim of this study is to compare levels of flame retardants in the childcare environment with and 
without flame-retarded nap mats by actively switching out nap mats and measuring flame 
retardant levels before and after the switch-out. 
 
Materials and methods 
 
Seven Seattle-area childcare centers were recruited using the following criteria: regular use of 
nap mats, serving low-income families, and minimal presence of other foam-containing items. 
Samples of foam (from in-use nap mats and replacement mats) were analyzed for flame 
retardants as follows: ca. 50 mg of material and 5 mL of acetone/hexane (1:1 v/v) were added to 
a pre-washed test tube, vortexed for 1 min and sonicated for 5 min before being centrifuged for 2 
min at 2000 rpm. The supernatant was transferred to a clean tube, the extraction was repeated 
and both supernatants were combined (10 mL total) and vortexed for 1 minute; 1 mL of sample 
was then transferred to a clean tube and diluted using 9 mL hexane. Finally 100 µL of the first 
dilution was transferred and diluted further using 900 µL hexane spiked with known quantities of 
BDE-118, BDE-181, anthracene-d10, dibenz[a]anthracene-d12, and perylene-d12 as internal 
standards (x 10,000 dilution in total). In addition, foam and fabric from replacement mats and 
cots were analyzed to verify they were free of known flame retardants. For passive air sampling, 
one passive air sampler PUF disk was exposed to indoor air using a single 23 cm (2 liter) 
stainless steel bowl shaped housing, deployed in each childcare center for 28 days.3 At the end of 
the air sampling period, a floor and surface dust sample was collected in a nylon sock inserted in 
a Mighty-mite vacuum cleaner by slowly moving the crevice tool across the floor and other 
surfaces (e.g. shelving).3 Flame-retarded nap mats were replaced with flame-retardant-free mats 
and elevated surfaces were cleaned. Following a three-month washout period, post-replacement 
air and dust sampling was repeated.  
 
Results and discussion 
 
Analysis has been completed on in-use and replacement nap mats. Six centers were determined 
to be using flame-retarded nap mats, with compounds including tris(1,3-dichloro-2-
propyl)phosphate (TDCIPP), tris(1-chloro-2-propyl)phosphate (TCIPP), 2-ethylhexyl 2, 3, 4, 5-
tetrabromobenzoate (EHTBB), bis (2-ethylhexyl) 3, 4, 5, 6-tetrabromophthalate (BEHTBP), 



triphenyl phosphate (TPhP), tri-m-tolyl phosphate (TMTP), and tris(4-butylphenyl) phosphate 
(TBPP) (Table 1). The sum of flame retardant concentrations found in nap mat foams ranged 
from 5.4 – 8.4 % by weight. Two brands of replacement mats were analyzed to identify a brand 
of mats and cots free of detectable flame retardants. Analysis of air and dust samples is now in 
process and will be reported. 
 
Table 1 Flame retardants detected in nap mat materials by childcare centers. Bullet points denote 
that a particular compound was detected in the sample. 
 

    Chlorinated Organophosphate Brominated 
Center # Material TCIPP TDCIPP TPhP TMTP TBPP EHTBB  BEHTBP 

1 FOAM • • •   •     
2 FOAM               

3 
FOAM     • •   • • 

BATTING           • • 
4 FOAM     • • • • • 
5 FOAM   • • • • •   
6 FOAM     • •   • • 
7 FOAM     • • • • • 
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