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Abstract 
 

Semi-Volatile Organic Compound (SVOC) Detection in Residential Furniture:  

A Comparison of Dermal, Oral, and Inhalation Exposure Routes in Children 

By Scott Laughlin 

 

 

Semi-Volatile Organic Compounds (SVOC) are a group of organic compounds that 

include a variety of chemicals such as phthalates, pesticides, and flame retardants.  

SVOCs like flame retardants (FR) may be present in a residential environment due to 

their use in helping consumer products like furniture and electronics comply with safety 

regulations.  In this project we investigated human exposure to volatile organic 

compounds (VOC) and SVOCs from residential furniture through inhalation, dermal, and 

oral exposure routes.  Two types of FR chemicals, polybrominated diphenyl ethers 

(PBDE) and organophosphates (OP) were studied.  A dataset of laboratory results, 

containing four types of sample media taken from 10 product samples and analyzed for 

the presence of FR chemicals, was reviewed.  Oral, dermal, and inhalation risk 

assessment calculations for a 1-2 year old child were performed using parameters 

gathered from the US Environmental Protection Agency (US EPA) Exposure Factors 

Handbook, 2011.  Results for calculated exposure were presented in nanograms per day 

(ng/day) in order to compare exposure routes.  Calculated exposures ranged from less 

than 0.5 ng/day in some airborne samples to nearly 23,000 ng/day in one dermal sample.  

According to the calculations, the Filter Paper sample, as proxy for dermal exposure, 

consistently showed the highest exposure to SVOCs, and inhalation exposure samples 

were consistently a fraction of the calculated  exposure totals of the oral or dermal 

samples.  However, as absorption factors for chemicals encountered through inhalation, 

ingestion, and dermal absorption were not applied to these data, we would expect the 

dermal exposures to be lower in practice, proportionally altering the results of this study. 
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I. Introduction 

Background 

Semi-Volatile Organic Compounds, commonly abbreviated as SVOCs, are a family of organic 

compounds with a boiling point between 240˚C and 400˚C  and a vapor pressure between 10-4 

and 10-14  atmospheres.1,2  SVOCs include chemicals like flame retardants (FR), phthalates, 

pesticides, and perfluoronated compounds (PFC).3  SVOCs can exist in the indoor environment in 

both gaseous and solid phases, and studies have been conducted on individual routes of 

exposure.4,5,6  Flame retardant chemicals are intended to delay the combustion of treated materials 

allowing more time to escape a fire.  In order to comply with fire safety standards and 

regulations, flame retardant chemicals are often added to household furniture, textiles, and 

electronics.  They are designed to be stable throughout the life of the product to which they are 

applied, and are therefore environmentally persistent.7  Chronic exposure to these types of 

chemicals has been shown to cause respiratory irritation, skin sensitization, possible endocrine 

disruption and cancer.4,7   

In this project we investigated human exposure to volatile organic compounds (VOC) and 

SVOCs from residential furniture through inhalation, dermal, and oral exposure routes.  Two 

types of flame retardants, polybrominated diphenyl ethers (PBDE) and organophosphates (OP) 

were studied for this project.  Before 2004, PBDEs were among the most common flame 

retardant blends used for furniture and electronics.  However they were voluntarily phased out 

due to toxicity concerns in the early 2000s, which led to increased use of OP FRs in order to 

continue meeting flammability standards for polyurethane foam used in furniture.4,8  More recent 

research suggests that OP FRs may also pose health risks.  Flame retardant biomarkers of both 

PBDEs and OP FRs have been identified in human blood and urine, and have been associated 

with adverse health effects such as cancer, birth defects, endocrine disruption, and other adverse 

health outcomes in animals and humans.4  A summary of these health risks for OP FRs is 
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included in tabular form, from Tables 2-1 and 2-2 of the US EPA report: Flame Retardants used 

in Flexible Polyurethane Foam: an Alternatives Assessment Update in Appendix A.7 

The PBDE molecule consists of two phenyl rings connected by an oxygen atom.  There are 10 

positions on the molecule where bromine may take the position of a hydrogen atom.  

Theoretically, 209 different congeners could be formed by these structure combinations, but only 

a small subset of congeners have been detected in commercial products.  They are formed by 

combining bromine with a diphenyl ether in the presence of an inorganic catalyst such as AlCl3.9  

PBDEs are mainly comprised of three formulations: pentaBDE, octaBDE, and decaBDE.  The 

most dominant congeners in pentaBDE by percent weight are 2,2′,4,4′,5-penta-bromodiphenyl 

ether (BDE 99, 35-50%), 2,2′,4,4′-tetra-bromodiphenyl ether (BDE 47, 25-37%), and 2,2′,4,4′,6-

penta-bromodiphenyl ether (BDE 100, 6-10%).9   

In 2010, the United States Environmental Protection Agency (US EPA) concluded that the largest 

source of US PBDE exposure was house dust, contributing 90% of estimated adult intakes, and 

that children aged 1-5 ingest about 5 times as much dust per day as adults.9  Stapleton, et al., 

found in 2009 that levels of OP FRs are at least as high if not higher than PBDEs in house dust, 

concluding that children may be most at risk of exposure to FRs due to higher proportions of time 

on or near the floor crawling and doing other activities, and more hand to mouth contact than 

adults.8  They estimated that a child’s cumulative exposure to flame retardants chemicals was 

1,600 nanograms per day (ng/day), compared to a calculated adult exposure of 325 ng/day.  

The structures of the eight FR compounds included in the sampling and analysis conducted in this 

study are shown in Figure 1.  
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Figure 1: Studied Flame Retardants and Chemical Structures 

PBDE Congeners 

BDE 47  
2,2′,4,4′-tetra-bromodiphenyl ether (4 

Br atoms) 

BDE 99 
2,2′,4,4′,5-penta-bromodiphenyl ether (5 

Br atoms) 

BDE 100 
2,2′,4,4′,6-penta-bromodiphenyl ether (5 

Br atoms)  
TCEP 
Ethanol, 2-chloro-, phosphate 

 

 

 
TCPP 
2-Propanol, 1-chloro-, 2,2’,2’’-

phosphate 

 
TDCPP 
2-Propanol, 1,3-dichloro-, phosphate 

 
TPP 
Triphenyl phosphate 

 
TBB 
2,3,4,5-tetrabromo-ethylhexylbenzoate  

 

 
7,9 

The aim of this project was to calculate SVOC exposure routes through interaction with products 

in a residential setting.  Specifically, a child’s (1 to <2 years old) inhalation, dermal, and oral 

exposures to these compounds via interaction with residential furniture.   
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II. Methods 

A. Sampling Conditions and Procedure 

 

At the outset of this project, a dataset was reviewed containing values corresponding to mass of 

chemical per volume of extracted solvent.  These data were collected from four types of sample 

media analyzed at Emory University’s LEADER laboratory for the presence of FR chemicals.  

Sample media consisted of dust wipes (DW) to measure oral exposure, quartz filter (QF) and 

Polyurethane Foam plug (PUF) media to measure inhalation (airborne) exposures, and filter paper 

(FP) media to measure dermal exposures.  Based on a review of current literature on FR 

exposure, we hypothesized that the bulk of a child’s exposure to FR chemicals was through the 

ingestion route.   

 
Environmental sampling was made of residential furniture samples under controlled laboratory 

conditions.  The following FR chemicals were identified by the laboratory analysis: TCEP, TCPP, 

TDCPP, TPP, TBB, BDE-47, BDE-99, and BDE-100.  TCEP, TCPP, and TDCPP are all 

halogenated organophosphates, sharing a similar structure with a central phosphorus bonded to 

oxygen atoms and chlorines.  TPP is similar in structure to these, but features phenyl groups 

instead of chlorines bonded to the oxygen atoms.  TBB is a brominated FR that has a structure 

unlike the other FRs reported.  TBB is one of the four components of Firemaster 550, a leading 

FR chemical now in production (TPP is another component FR of Firemaster 550).7 

 

Ten different samples were evaluated.  Sampled products are numbered Sample #1 – Sample #10 

in this report.  A sample duplicate (Sample #1 – original, Sample #5-duplicate) and measurement 

duplicate (Sample #8 – original, Sample #10 – duplicate) were also conducted.  Correlation 

analysis of sample and measurement duplicates is included in Section IV. 
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Extraction Procedure 

The chemical extraction method used was based on that developed by Van den Eede et al.10  The 

primary goal of the Emory LEADER laboratory in developing this method was the ability to 

examine the most compounds possible using a single method.  In this method, two separate 

extractions were utilized to assess the different FRs of interest. Once the two fractions (shown as 

FRACTION 1 and FRACTION 2 in Appendix B) were eluted by different solvents (n-hexane and 

ethyl acetate), they were evaporated and recontituted into a single solution in order to improve 

analyte throughput.  Finally, the combined solution was analyzed using Gas Chromatography 

followed by Electron Impact Ionization and Mass Spectrometry (GC-EI-MS).  This method was 

capable of collecting numerous PBDE congeners (BDE-47, 85, 99, 100, 153, and 154), OP FRs 

(TBPH, TBPP,TCEP, TCPP, TDCPP,TPP), and TBB. 

 

B. Exposure Calculations 

Chemical concentration available for human exposure through the oral, dermal, and inhalation 

routes were calculated by taking values from the EPA Exposure Factors Handbook, 2011.11  For 

each exposure route, a daily chemical exposure for a child between 1 and 2 years of age was 

calculated using the sample results and exposure factor parameters.   

 

Dermal :  

Filter patch SVOC 

concentrations were 

reported in picograms (pg) 

of chemical per microliter 

(µL) of extracted solvent.  This was converted to chemical mass exposure per day using the 

following formula: 

 

Dermal Calculation 

Parameters 
Number Unit 

Time tested 360 min 

Convert 1 in2 to m2 0.00064516 m2 

Surface area - child  

(1 to <2 years old) 
0.17225 m2 

Leisure time per day 405 min 

Convert pg to ng 1000 pg/ng 
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𝑝𝑔 𝑜𝑓 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

µ𝐿 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
×

𝑡𝑜𝑡𝑎𝑙 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑡𝑐ℎ
×

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑖𝑚𝑒 𝑎𝑤𝑎𝑘𝑒 𝑖𝑛 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑐𝑒 ∗

𝑑𝑎𝑦
 

 

×
𝑑𝑒𝑟𝑚𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑖𝑛 𝑐𝑜𝑛𝑡𝑎𝑐𝑡 𝑤𝑖𝑡ℎ 𝑐ℎ𝑎𝑖𝑟 ∗∗

𝑐ℎ𝑖𝑙𝑑
×

1 𝑛𝑔

1000 𝑝𝑔
=

𝒏𝒈 𝒐𝒇 𝒄𝒉𝒆𝒎𝒊𝒄𝒂𝒍

𝒅𝒂𝒚
 

 

*Time awake in residence was derived from Exposure Factors Handbook by subtracting sleep time (Table 

6-45 Chapter 6) from Total time in residence (Table ES-1 Chapter 16)  (1065 min) – (660 min) = 405 min 

**Dermal Surface area was derived by taking ½ mean total trunk area (0.188m2) + ½ mean total leg area 

(0.122m2) + ¼ mean total arm area (0.069m2) for a child 1 to <2 years old  from Exposure Factors 

Handbook Table ES-1 Chapter 7= 0.094 m2 + 0.061 m2 + 0.01725 m2 = 0.172 m2 

 

Inhalation:  

Based on the provided 

laboratory data, we measured 

extracted concentration of the 

individual SVOCs, derived 

emission factors 

(mass/unit*time), converted to 

environmental concentration, 

and derived mass of inhalation per day (based on typical inhalation volume).  

 

The emission rate data for the individual compounds identified during chamber testing was 

combined with expected use building parameters (room volume, product area, and room exchange 

rate) to determine a predicted exposure concentration. The assumption was made that the space 

within which the product is used is well-mixed.  Furthermore, it assumes that the test chamber is a 

single compartment, well-mixed chamber at steady state.  For each compound at any time point, 

the predicted exposure concentration can be calculated using the following equation: 

𝑪𝒑 = 𝑬𝑭 (
𝑨

𝑽
) (

𝟏

𝑵
) 

where, CP = predicted exposure concentration (pg/m3)  

EF = average emission factor at time since the beginning of sample (ng/m2·hr or ng/g·hr) 

Inhalation Calculation 

Parameters 
Number Unit 

Convert L to m3  1000 L/m3 

Inhalation volume child  

(1 to <2 years old) 
5.4 m3/day 

Loading Factor for chamber 6 m3 

Residential living/dining volume 252 m3 

Convert pg to ng 1000 pg/ng 

Air changes per hour (ACH) 0.45 ACH 

Time in room per day % 

(405min/1440min) 
28.125 % 
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A = product exposed in room (1 product) 

V = room volume (m3) 

N = room air exchange rate (hr-1) 
 

 

Inhalation: Particulate (SVOC) :  

Step 1: calculate extracted concentration of chemical 

(for the purpose of example, a starting value of  
1 𝑝𝑔 𝑜𝑓 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

µ𝐿 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
 is used.)  

 

 𝑝𝑔 𝑜𝑓 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

µ𝐿 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
× 

𝑡𝑜𝑡𝑎𝑙 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑉 (100µ𝐿)

𝑄 (
𝐿

𝑚𝑖𝑛) × 𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
×

1000 𝐿

1𝑚3
= 𝐶 

 

1 𝑝𝑔 𝑜𝑓 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

µ𝐿 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
× 

𝑡𝑜𝑡𝑎𝑙 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑉 (100µ𝐿)

4𝐿
𝑚𝑖𝑛 × 540 𝑚𝑖𝑛

×
1000 𝐿

1𝑚3
=

100 𝑝𝑔

2.16𝑚3
 

Step 2: Derive Emission Factor  

𝐶 (
𝑝𝑔

𝑚3
) ×

𝑁𝑐ℎ𝑎𝑚𝑏𝑒𝑟 (ℎ𝑟−1)

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 (
1 𝑐ℎ𝑎𝑖𝑟

𝑉𝑐ℎ𝑎𝑚𝑏𝑒𝑟
)

= 𝐸𝐹 (
𝑝𝑔

𝑢𝑛𝑖𝑡 ∗ ℎ𝑟
) 

 

100 𝑝𝑔

2.16𝑚3
×

𝑁 𝑐ℎ𝑎𝑚𝑏𝑒𝑟 (ℎ𝑟−1)

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 (
1 𝑐ℎ𝑎𝑖𝑟

6𝑚3 )
=  

277.78𝑝𝑔

𝑢𝑛𝑖𝑡 ∗ ℎ𝑟
 

 

Step 3: Calculate predicted concentration 

𝐸𝐹 (
𝑝𝑔

𝑢𝑛𝑖𝑡 ∗ ℎ𝑟
) ×

1 𝑐ℎ𝑎𝑖𝑟

𝑉𝑚𝑜𝑑𝑒𝑙 𝑟𝑜𝑜𝑚
× 𝑁𝑚𝑜𝑑𝑒𝑙 𝑟𝑜𝑜𝑚 = 𝐶𝑃 (

𝑝𝑔

𝑚3
) 

 
277.78𝑝𝑔

𝑢𝑛𝑖𝑡 ∗ ℎ𝑟
×

1 𝑐ℎ𝑎𝑖𝑟

252 𝑚3 
×

1

0.45 ℎ𝑟−1
=

2.45 𝑝𝑔

𝑚3
 

 
Step 4: Calculate mass per day using breathing volume, time in residence, and conversion to 

nanograms 

𝐶𝑃 (
𝑝𝑔

𝑚3
) ×(𝑉𝑖𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛)×(%𝑡𝑖𝑚𝑒 𝑖𝑛 𝑟𝑜𝑜𝑚) ×

1 𝑛𝑔

1000 𝑝𝑔
=  

𝒏𝒈 𝒐𝒇 𝒄𝒉𝒆𝒎𝒊𝒄𝒂𝒍

𝒅𝒂𝒚
 

2.45 𝑝𝑔

𝑚3
×

5.4𝑚3 

𝑑𝑎𝑦
×(28.125%) ×

1 𝑛𝑔

1000 𝑝𝑔
=  

𝟎. 𝟎𝟎𝟑 𝒏𝒈

𝒅𝒂𝒚
 

 
 4L/min flow rate was used to approximate breathing volume 
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 Room Volume of 252 m3 and ACH of 0.45 derived from UL 2818 GREENGUARD Standard 

Section 6.5.1 Living/Dining Area12  

 Time in room derived by dividing total day (1,440 min) by time in residence (405 min) = 28.125% 

of the day 

 

 

Oral (Ingestion) :  

 

 

This calculation assumes that a 

child of 1 - <2 years old has 20 

hand to mouth contacts per 

hour (derived from the 

Exposure Factors Handbook) 

and ingests dust from the total surface areas (i.e. palm and back) of each hand. 

𝑝𝑔 𝑜𝑓 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

µ𝐿 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
×

𝑡𝑜𝑡𝑎𝑙 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑉

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑤𝑖𝑝𝑒𝑑
×

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 1 𝑐ℎ𝑖𝑙𝑑 ℎ𝑎𝑛𝑑

𝐶𝑜𝑛𝑡𝑎𝑐𝑡
 

 

×
# 𝑜𝑓 ℎ𝑎𝑛𝑑 𝑡𝑜 𝑚𝑜𝑢𝑡ℎ 𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑠

ℎ𝑜𝑢𝑟
×

24 ℎ𝑟𝑠

1 𝑑𝑎𝑦
×

1 𝑛𝑔

1000 𝑝𝑔
=

𝒏𝒈 𝒐𝒇 𝒄𝒉𝒆𝒎𝒊𝒄𝒂𝒍

𝒅𝒂𝒚
 

  

Oral Calculation Parameters Number Unit 

Time tested 360 min 

Convert 1 ft2 to m2 0.092903 m2/ft2 

Hand to mouth contacts/hour 20 contacts 

Surface area of child’s hand 0.03 m2 

Leisure time per day 405 min 

Convert pg to ng 1000 pg/ng 

Convert hr to min 60 min/hr 
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III. Results  

 

In this study, our methods were capable of collecting numerous PBDE congeners (BDE-47, 85, 

99, 100, 153, and 154).  However, only BDE-47, 99, and 100 were detected.  Further, we had the 

ability to collect several OP FRs (TBPH, TBPP,TCEP, TCPP, TDCPP,TPP) and TBB.  However, 

only TBB, TCEP, TCPP, TDCPP, and TPP were detected.  All results are presented in ng/day so 

that a comparison could be made across exposure routes.   

Comparing Routes of Exposure   

After conducting the exposure calculations, it became apparent that dust wipe and filter paper 

media SVOC exposure route values were several times higher than those from the air sampling 

media.  Therefore, to determine the highest exposure for each sample, we compared dust wipe 

and filter paper results only.  Results are presented in Table 1.  First, this analysis shows that all 

of the top 10 percent values seen were from Filter Paper samples.  Secondly, of these samples, 

TPP was the FR type most often seen in the top 10%, followed by TBB, TCPP, and then TCEP.  

Also, the table shows that measurement of BDE 100 and 99 was more successful in the DW 

sample than in the FP sample.  Finally, it was clear from this table that certain FRs were seen in 

one media type more than the other.  For instance, TPP was seen in 10 FP samples, but only 5 

DW samples.  This table was also converted to a chart to show the maximum value for each FR 

reported in each sample.  This is represented in Figure 2. 

The next step was to perform color coded ranking on the DW and FP sections separately, in order 

to determine the highest exposures by FR and sample for each media type.  These data are 

presented in Table 2.  From this table, we found that TPP was in the top 10% in three samples for 

each media type, followed by TDCPP in the top 10% in two DW samples, and TCEP and TCPP 

both in the top 10% for one sample (Sample #10).   
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Comparison by Sample ID 

Sample #1 and Sample #5 were listed as sample duplicates in the dataset.  FP totals were highest 

among media types in Samples #1 and #5, totaling 1,436 ng/day and 556 ng/day, respectively.  

Sample #1 DW totaled about 245 ng/day, while there were no DW levels above the lab 

quantification limits in Sample #5.   

Within Sample #2, FP media calculated to the highest FR load (14,179.79 ng/day), which was 

about 7 times the amount of FR seen in the DW media (1945.60 ng/day).  Most of these totals 

came from TPP.  Airborne exposures were calculated to be less than 0.5 ng/day.  

Sample #3 was the only instance in which the dust wipe samples totaled higher than the FP 

samples (934.94 ng/day vs. 135.60 ng/day).  The total ng/day coming from the QF and PUF 

samples were much lower than dust wipe and FP, both totaling less than 0.1 ng/day.  

Sample #4 had lower than average total levels of calculated FR exposures, but TDCPP was seen 

at its highest levels in this sample for both FP and DW media types.   

Sample #7 had the second highest overall totals of ng/day across all samples (only behind Sample 

#10).  The FP sample totaled over 14,000 ng/day, and DW totals were about 2,000 ng/day.  As 

seen in several other samples, airborne FR loads were less than 1 ng/day, and the dominant FR 

species present was TPP. 

Sample #8 and Sample #10 were duplicates.  In both instances, duplicate air samples were 

measured, and in Sample #8 duplicate dust wipe samples were collected.  It was clear regardless 

of the duplicates that FP totals were much higher than the other sample types, totaling more than 

12,200 ng/day in Sample #8.  This total was approximately evenly distributed among TBB, TPP, 

TCPP, and TCEP FRs.  DW samples totaled slightly over 30 ng/day, and the air samples (QF and 

PUF) were 0.32 and 0.23 ng/day, respectively.  Sample #10 had the highest total seen for any 

sample in the FP media, totaling nearly 23,000 ng/day.  
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In Sample #9, the most common FR seen was TBB, followed by TPP and TCEP.  As seen in 

other samples, FP was the highest exposure route seen.  Calculated exposure charts for all 10 

samples are included as Appendix  

IV. Discussion 

This study sought to derive a comparison between three routes of exposure (dermal, inhalation, 

and ingestion)  for children aged 1-<2 from residential furniture.  Based on the data analyzed 

during this study, dermal exposures appear to deliver the highest quantities of SVOCs per day to 

a human subject.  However, as there are not established methods for comparatively measuring 

and calculating these SVOC exposures, there is more work needed to create reliable and 

repeatable data sets.   

Since further parameters of the samples was not provided in the dataset, it is difficult to determine 

possible causality for the differentiation in sample exposures modeled.  Since the data were 

transformed equally (i.e. consistent calculations were performed for each media types across all 

samples) the results share the same trends as the original data.  If samples were run through 

different protocols or had differing amounts of FR added, these factors could possibly be 

quantified.  Non chemical flame retardant systems may also be in place, such as mechanical 

barriers. The bonding type of FR chemicals may also be a factor, as some FRs are chemically 

reacted with a substrate material, while others may be additive in nature.  

TPP was the highest single FR measured overall (in the FP sample in Sample #7), and was also 

the highest calculated FR exposure seen in 5 different sample/media types: Sample #1 and #2 

DW, Sample #1 and #7 FP, and Sample #8 FP.  In the Sample #6 and #9 FP samples, TBB was 

the highest calculated FR exposure.   

As with any risk assessment, there are limitations to the results discussed in Section III.  True 

exposures were not measured during this study, and results of this study should not be considered 
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exact measurements of exposure.  The EPA Exposure Factors Handbook represents summaries of 

known studies, each with differing statistical power and sample size. The risk assessment 

calculations assume a worst-case scenario, and may not always be representative of actual 

exposures.  Therefore, altering any factors like room size, SVOC emissions, product construction 

and age, and test protocols could have profound effects on the results.  Controlling for these 

factors would provide a more complete picture of their relative contributions.       

While sample collection and analysis was conducted with trained field staff under controlled 

laboratory conditions, there were several points which should be further investigated.  First, 

samples and duplicate measurements were somewhat inconsistent when stratified by SVOC type, 

but including data for all media types (Correlation of Measurement and Sample Duplicates are 

presented in Table 3 below).  Further method development should be undertaken to minimize 

these variances.  Second, some SVOCs may co-elute during the analysis phase, leading to some 

measurement error8.  Several PBDE chemicals (BDE-85, 153, and 154), as well as TBPH were 

not seen above the limits of quantification in the analysis.  

Table 3: Correlation of Measurement and Sample Duplicates 
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Finally, the exposure calculations assumed that 100% of the FR chemicals were absorbed through 

the skin (ie dermal absorption factor of 1), representing a worst case scenario.  If dermal 

absorption factors were applied to these data, we would expect the dermal exposures to be lower, 

proportionally altering the results of this study.  The FRs reported here also differ in size, 

structure, and water solubility, suggesting that they would be absorbed differentially through the 

skin.  Exposure calculations could also be improved in the future by controlling for weight 

applied, time of test, and using an uncertainty factor for skin area covered by clothing.   

V. Conclusions and Recommendations 

This study attempted to calculate a child’s exposure to flame retardant chemicals through three 

different exposure routes: inhalation, oral ingestion, and dermal absorption.  Calculated exposure 

totals varied from sample to sample.  Overall, the outcome of the risk assessment calculations 

indicate that the Filter Paper sample, as proxy for dermal exposure, consistently showed the 

highest exposure to SVOCs.  In every sample but one (Sample #3), FP calculated exposure levels 

were several times higher than Dust Wipe (Ingestion) and QF/PUF (Inhalation) samples.  

Inhalation exposure samples were consistently a fraction of the totals of the Oral or Dermal 

exposure samples.  Based on the points raised in Sections III and IV, comparison of the samples 

stratified by exposure medium should provide a reasonable assessment of each type of furniture, 

but further development should be endeavored before accurate cross-medium comparisons are 

conducted.
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Figure 2: Maximum FR values calculated and combined by Sample ID, ng/day 
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Table 1: Comparison of Dust Wipe and Filter Paper results by sample and FR type with 

color coded rankings of calculated daily exposure, ng/day 

   

  

Media Type Sample ID TCEP TCPP TDCPP TPP TBB BDE 47 BDE 100 BDE 99

Sample #1 12.39 41.80 94.58 56.50 5.72 7.65 26.31

Sample #2 27.06 282.32 329.44 1,127.58 26.86 25.27 127.04

Sample #3 5.06 169.39 245.83 371.92 22.88 19.84 100.01

Sample #4 12.32 246.23 24.59 1.74 0.85 6.37

Sample #4 11.31 62.57 2,989.24 57.78 7.97 4.48 50.29

Sample #5

Sample #6 10.43 15.76 61.86 2.12 6.03

Sample #7 16.13 161.10 49.30 661.49 68.08 16.74 65.02

Sample #8 57.85

Sample #8

Sample #9 1.00 186.67 5.14 4.86 0.66 5.10

Sample #10 4.13

Sample #1 162.57 67.96 25.29

Sample #1 1,415.34 13.69 7.84

Sample #2 23.20 14,142.03 14.56

Sample #3 18.26 80.28 27.87 9.19

Sample #4 2,343.62 46.14 7.25 5.40

Sample #5 55.80 297.56 151.19 50.62 0.59

Sample #6 1,877.75 3,513.68 68.88 2,377.17 5,676.55 7.78

Sample #7 2,230.73 1,656.92 15.22 14,658.57 1,018.09 7.87

Sample #8 68.70 1,554.39 274.17 6,086.97 4,255.69 11.15

Sample #9 1,872.00 565.97 3,947.22 5,889.64

Sample #10 9,611.37 7,392.91 587.17 2,271.02 3,013.09 0.08

Dust W ipe - Oral 

Ingestion

Filter Paper - 

Dermal Contac t
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Table 2: Comparison of Dust Wipe and Filter Paper results by sample and FR type with 

color coded rankings of calculated daily exposure, stratified by media type, ng/day  
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Appendix A: EPA Screening Level Toxicity Hazard Summary  
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From Table 2-1 and 2-2, Baker AK, Baker R, Baur W, et al. Flame Retardants Used in Flexible 

Polyurethane Foam: An Alternatives Assessment Update. 2014:4121233-4121235. 

doi:10.1002/ejoc.201200111 
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Appendix B: Emory LEADER Laboratory Chemical Extraction Procedure 
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Appendix C: Calculated Exposure Concentrations by Sample ID 
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