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ABSTRACT 

Organophosphorus flame retardants (OPFRs), such as tris(2-chloroethyl) phosphate (TCEP), 
tris(1-chlor-2-propyl) phosphate (TCPP), and tris(1,3-dichloro-2-propyl) phosphate (TDCPP), 
used as additives in industrial and consumer products are being detected in indoor air, house 
dust, and other environmental media. Due to the low volatility of these compounds, air sampling 
of OPFRs is challenging. To evaluate the performance of various configurations of sampling 
media, polyurethane foam (PUF) cartridges, quartz fiber filters with PUF, PTFE membrane 
filters with PUF, Tenax TAs, and an OSHA Versatile Samplers (OVS) were compared by 
collecting gas phase OPFRs from 53L stainless steel small chambers. Tests were conducted in a 
temperature-controlled incubator with an OPFR source chamber and an empty test chamber 
connected in series with Teflon tubing. Constant emission sources under 24 ̊C, 5% relative 
humidity (RH), and 0.4 air change per hour (ACH) were generated in the source chamber by 
placing neat TCEP, TCPP, and TDCPP liquids in cups with different diameters. The exhaust of 
the source chamber was supplied to the test chamber and mixed with humidified air at a T 
connector resulting in temperature, RH, and flow conditions of 50% RH and 1 ACH at 23°C. 
There was one sampling port located at the faceplate of the source chamber and three sampling 
ports at the test chamber. Samples were collected sequentially from the source chamber and 
simultaneously from the test chamber for each sampling method. A total of 9 samples from the 
source chamber and 17 samples from the test chamber, including duplicates, were collected. The 
PUFs, quartz fiber filters, PTFE membrane filters, Teflon tubing used to connect the sampling 
ports, and OVS samplers were solvent extracted and analyzed by GC/MS. Tenax TA tubes were 
analyzed by thermal desorption GC/MS. Differences in the OPFRs gas phase concentrations 
determined from different sampling media are reported and discussed. Our test results provide 
insight into the comparability of these different methods for sampling gas-phase OPFRs. 
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