Sorption of Organophosphorus Flame Retardants on Settled Dust
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INTRODUCTION

Sorption Rate

Why It Is Important Table 2. OPFR source settings in the OPFR source chamber
. . . * The time-averaged sorption rate (R, ng/g/h) between
e Semi volatile organic compounds (SVOCs), e.g. flame retardants, -———— : J p lcul (d[t)) u% g/h) :
phthalates, perfluorinated compounds (PFCs), and polychlorinated I >.08x0.83 246 012165 exposure time 0 and t s calculated by the concentration
biphenyls (,PCBS) are among several dentified chemicals under review TP Teflr >07x0.:81 24.6 0432113 measured on dust at the exposure time divided by the
’ TDCPP  Aluminum 5.07  0.79 67 0.045£19.8 exposure time, t (h).

by U. S. Environmental Protection Agency (EPA)

» Aligns with the need to develop risk assessments and policy decisions +%RSD-Relative standard deviation
to minimize exposures and protect human health

« Normalized sorption rate Ry*((ug/g/h)dust/(ug/m?3)air):

« Fill critical knowledge gaps for standard and reliable methods to Table 3. Dust chamber test conditions R; = }i—‘f’
characterize SVOC sources and sinks and to predict the SVOC ‘Parameters ~ T1-ATD (+%RSD)  T2-HD(*%RsD) C,
emissions and transport in the indoor environment Dust loading on each tray, g 0.2 0.15
Chamber air change rate, h-1 1.1 (+0.8) 1.1 (£1.1) where C_a IS IS the time-averaged concentration in the
SVOCs: Flame Retardants Temperature, C 23.3(+0.1) 23.3 (¢ 0.1) chamber air between exposure
- Relative humidity, % 53.2(+1.7) 54.2 (£ 1.8) time 0 and t /m?3
* Flame retardants (FRs) are used to meet flammability standards (hard Test duration, h p— p (Hg/m*)

plastics, spray foam application, polyurethane foam, electronic, * Sorption rate decreased over time for both ATD and HD
 TCPP with the highest air concentration had the highest
sorption rate.

mattress, textile, carpet, etc.) An alytical Methods

properties were analyzed. normalized sorption rate for HD

 Dust and PUFs extracted with 1:1 methylene chloride/ethyl acetate

115-96-8 Ethanol, 2-chloro-, phosphate TCEP
13674-84-5 2-Propanol, 1-chloro-, 2,2",2"-phosphate TCPP * Analyzed on gas chromatography/mass spectroscopy (GC/MS) 035 m— - 0s | -'-;V
13674-87-8 3 Erapeanel. 1. 2-cha o, [sssahaie TDCPP * GC Internal standard (d27—trlbutyl phosphate ), extraction recovery 307 = o ~
o check standard (d,s-triphenyl phosphate) 2 020 L 8§35 %571
® 1 - g_\ . - = 0.15 + Eé‘ g.:
T >o_i_o( 083 » Quality assurance and quality control g 25 ol _,._/\/
S cl C'/_CIS OJ/\CI 4 005 4 22 g'; 1 : ,
Cl o cl 0.00 t i; _.H - i. . 0 Z(I)g 460 600
RESULTS and DISCUSSION o mo W
apse ime rs
e Exposure pathways: inhalation; dermal contact; ingestion IVS] _ _ _ _
Dust Analysis Figure 4. Sorption rate (left, ug/g/h) and normalized sorption

e Fate and transport mechanisms in the indoor environment are needed

for exposure assessment and risk management Table 4. Selected properties of the two dust samples tested
v' Multiple mass transfer mechanisms: material/air; dust/air;

rate of OPFRs in ATD test (right, (ug/g/h)dust/(ug/m?)air))

dust/material; material/material Property  HouseDust  ArizonaTestDust
.. s .. . : Weight by volume, g/mL @ 0.938 + 0.008 0.723 £ 0.016
v Critical parameters: material/air partition coefficient (K..); solid- e]'cg AL ””Z’e g/b m X o395 0.0
. . . . . 2 + + TCEP [ —o+—TCEP
phase diffusion coefficient (D.); Sorption rate constant (k,, k) Surface area, m2/g 3:60£0.0 Biahe z 27 e §5 omy e
Particle size — mean, um ¢ 67.88 + 0.21 4.35+0.01 2 ] o £ oot e
_ Particle size — range, pm b 5.5 to 220 0.5 to 10 006 + =£_ 1
OPFRs Sorption on Settled Dust Particle size —90%, um®c  164.54 8.31 Eooal S t3 o]
: : Particle size =50%, pum o ¢ 44.22 3.67 e w0 a0 0 a0 s T  we  m we s
 Inhalation exposure to gas phase SVOCs becomes less important — i
. . " . Particle size — 10%, um ¢ 11.58 0.97 Slapsed Time (Hes) Flapsed Time (Hre)
when the solid-air partition coefficient becomes larger
Dust is an important sink for indoor air pollutants Lol orioom, 5 (e - 20,830,485 TO3£0.43
. | | | |
ustis a. .p P _ Organic carbon, % (w/w) ¢ 20.11 £ 0.56 1.03£0.13 Figure 5. Sorption rate (left /a/h) and normalized
v'Small in size and large surface area-to-volume ratio o ndard deviation (SD) a(ne2). e lgure >. sorp 1I‘OOPI§Re ( - Hg/g d) o
a. d Arithmetic mean + standard deviation (SD) a(n=2), d(n= sorption rate o s in house dust test (right,
v'Settle on source or non-source surfaces b. Analyzed by a commercial analytical laboratory (ug}og Jh)dust/(ug/m3)air)) (rig
! ! : : c. Weighted mean + standard deviation (SD) (n=2
v'Be re-suspended, allowing them to contribute to inhalation ° (SP) (n=2)
* Differences between airborne particles and settled dust _ e I —— CONCLUSIONS

v'Settled particles are usually larger in size

v'"May contain more earthen (crustal) and less organic carbon
v'Settled dust has longer time to contact with indoor air
v'SVOC concentrations in the dust can be higher

* The sorption of OPFRs from air by the dust is affected by the
physiochemical properties of the dust ,such as size, origin,
shape, density, porosity, etc.

* The sorption favors the less volatile chemicals during dust/air

MATERIALS and METHODS i IR 2 T P oot AP L. T « The data will be used to further understand the mass transfer
mechanisms of dust/air partitioning
Small Chamber Test Design House Dust (HD) Arizona Test Dust (ATD)  More work is underway to better characterize the factors that

affect the degree of sorption of OPFRs on dust

* The results will help to accurately estimate indoor exposures

. : and develop strategies that enlighten risk assessments
Dust Sorption Concentrations

e Sorption concentration in the dust collected increased steadily over ACKNOWLEDGEMENT
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e Wel, G., Lia, D., Zhuo, M., Liao, V., Xie, Z., Guo, T., LI, J.,

e Each piece loaded with 0.2 g of dust as evenly as possible
e Seven dust rails placed in the small chamber

* Dust rails removed from the chamber at different times and the dust Figure 3. OPFR concentrations in the chamber air (left, pg/m?3) and
collected and extracted to determine its OPFR content HD (right, pg/g) during Test 2.

« Air sampling at the mixing T-connector and the test chamber lid with Zhang, S., Liang, Z. 2015. Organophosphorus flame

PUF 600 mL/min at volume.of 50 - 360 Iiters retardants and plasticizers: sources, occurrence, toxicity and
* Quality assurance and quality control human exposure. Environmental Pollution 196, 29-46.
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