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INTRODUCTION 

In the 1970s, flammability standards began to be passed for a variety of consumer products, such 
as residential furniture (California Technical Bulletin 117) and children’s sleepwear (CPSC 16 
CFR 1615/1616) in the United States.  This trend, intended to safeguard the public and property 
from fire damage, injury or death, has continued and can also be found in other countries.  Such 
regulatory standards led to an increase in the use of chemical flame retardants in order to achieve 
compliance. However, there have also been significant concerns with flame retardant chemicals 
as evidence indicates exposure to certain flame retardant chemical products has been associated 
with adverse health effects, such as carcinogenicity, mutagenicity, reproductive toxicity and 
neurodevelopmental deficits (Blum, 1977; Birnbaum, 2004; Freudenthal & Henrich, 2000; 
Patisaul, 2013).   

Presently, flame retardants are produced and used in high volumes around the world. The global 
flame retardant chemical market is projected to exceed $10.3 million before 2020 (Markets & 
Markets, 2014).  Concerns regarding the high production and use of chemical flame retardants 
and their potential health effects are exacerbated by research studies highlighting the widespread 
presence in common household products, and their leachability from products to which they are 
applied (Alaee et al., 2003; Blum et al., 1978; Stapleton et al., 2008; Stapleton et al., 2012).  The 
ability of these chemicals to migrate out of products leads to inevitable exposure to the 
consumers that were meant to be protected (Blum et al., 1978; Stapleton et al., 2008; St. John et 
al., 1976).   

A widely used class of flame retardants, polybrominated diphenyl ethers (PBDEs), were 
commonly applied to residential furniture foam and electronics (Stapleton et al., 2008).  Strong 
evidence that PBDE compounds migrate from products, accumulate in human tissues, and are 
persistent, bioaccumulative, and toxic to humans and animals led to a ban on the use of three 
commercial mixtures of these chemicals, penta, octa and decaBDE, in the EU and a voluntary 
phase outs in the US (Betts, 2002; Betts, 2008; USEPA, 2012; Hites, 2004; Windham et al., 
2010).  Furthermore, in 2009, pentaBDE and octaBDE were added to the Stockholm Convention 
as persistent organic pollutants (POPs) (Stockholm Convention, 2009; Wang et al., 2012). 
Movement away from PBDEs opened a large gap in the flame retardant chemical market.  
Consequently, new flame retardant chemicals with varying or unknown toxicities have emerged 
as common replacements, including a variety of organophosphorus flame retardants (OPFRs) 

Flame retardants in tents  

Much of the previous research on exposure to flame retardant chemicals from their use in 
consumer products has focused on residential furniture, electronics, and baby products (Alaee et 
al., 2003; Blum, 1978; Hale et al., 2002; Stapleton et al., 2011; US EPA, 2014; etc).  Camping 
tents, which fall under the flammability standard CPAI-84 in the US, remained largely 
uninvestigated until a study was published in January 2014.   

 



 4 

CPAI-84 was set forth by the Canvas Products Association International (CPAI) in 1976 and last 
updated in 1995 (Case, 2011).   CPAI-84 specifies flammability requirements for all “camping 
tentage,” which includes “any portable temporary shelter or structure designed to protect people 
from the elements including [but not limited to] camping tents; play tents (indoor and outdoor); 
recreational vehicle awnings; dining flies and canopies; fabric screen houses; add-a-rooms; and 
ice fishing tents” (IFAI, 1995). The standard specifically requires wall materials of camping 
tentage to resist ignition or significant burn damage when exposed to an approximately 4 cm 
vertical flame for 12-second, and flooring material must resist ignition or significant burn 
damage when exposed to a methenamine-timed burning tablet. Furthermore, the fabrics must 
also meet the aforementioned standards after an accelerated weathering process conducted by a 
carbon arc method, xenon arc lamp method or a UV fluorescent and condensation method (IFAI, 
1995).   

Compliance with this standard is currently voluntary on a national level and mandatory in 7 US 
states: California, Louisiana, Massachusetts, Michigan, Minnesota, New York, and New Jersey 
(Bureau Veritas, 2008).  Despite the limited range of states requiring compliance, most 
manufacturers of tents sold within the US comply for all tent products they sell to avoid 
complicating their supply chain with multiple versions of the same product.  The types of 
chemical flame retardant products and processes used to comply with CPAI-84 vary and, to our 
knowledge, are not publicly available, and are dependent on the manufacturer.  

The results of the study published in 2014, which examined eleven camping tents of varying age 
and brands, confirmed that flame retardant chemicals were being used and also indicated 
suggested that consumers were being exposed during normal product use (Keller et al., 2014).  
Upon analysis of the textiles, the PBDE flame retardant mixture DecaBDE was most frequently 
detected.  Tris (1,3-dichloroisopropyl) phosphate (TDCPP) and triphenyl phosphate (TPP) were 
also detected in multiple tents and tetra-bromobisphenol-A (TBBPA) was detected in one 
tent.  Textile analyses further showed that flame retardant chemicals comprised up to 4% of the 
tent textiles by mass.  On a separate sample of tents, paired samples of tent textiles and hand 
wipes collected from participants setting up the tents showed that flame retardants were 
transferring from the textiles to users hands (Keller et al., 2014). This is concerning as previous 
research has shown that flame retardants measured in hand wipe samples are indicative of what 
is found in the body (Hoffman et al., 2014; Stapleton et al., 2008; Stapleton et al., 2012).  

Routes of Exposure  

The routes of human exposure to flame retardant chemicals considered potentially relevant for 
camping tents are ingestion, dermal absorption and/or inhalation.  Ingestion can include exposure 
to flame retardants present at very low concentrations in food, or from inadvertent ingestion of 
flame retardants present on dust particles. Inadvertent ingestion, depicted below in graphic A, is 
most likely to occur from hand to mouth contact, which includes biting of fingernails, eating 
“finger foods”, and other activities that lead to ingestion of flame retardants present on the hands 
(ASTDR, 2014; Stapleton et al., 2008).  This is an especially concerning route of exposure for 
young children who have much higher frequency of hand to mouth contact and, therefore, may 
also face a greater risk for exposure to flame retardants (Hubal et al., 2000).  
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Many flame retardants have an affinity for the fatty membranes in living tissue (Hughes et al. 
2001) and can therefore be transferred from products to skin surfaces through contact, or be 
deposited from the air onto the surface of the skin (Weschler & Nazaroff, 2012). Consequently, 
there is potential for dermal absorption of certain flame retardants, represented below in graphic 
B. Hair follicles, sebaceous glands, and pores provide entrance points for flame retardants to 
enter circulation (ATSDR, 2014). This is a potentially important route of exposure, though 
poorly understood (Lorber, 2008).  

Additive flame retardants can also partition into the air (Takigami et al., 2009).  Once airborne, 
flame retardants may be inhaled by tent users during normal respiration, depicted in graphic C.   

 

Graphic A: Ingestion Exposure Graphic B: Dermal 
Exposure 

Graphic C: Inhalation Exposure 

Objectives  

To expand upon current knowledge of flame retardants in camping tents and potential human 
exposure, the overall goals of this research were to (1) identify flame retardant chemicals 
currently being applied to the textiles of five brands of CPAI-84 compliant, 2-person 
backpacking tents, and (2) to assess human exposure during tent use from both dermal transfer 
(inadvertent ingestion of flame retardants present on the hands) and inhalation pathways.  

Materials and Methods 

Camping tents. Three replicate, unused tents from 5 different brands were used in this study. 
Each brand was assigned a letter, A, B, C, D and E, and replicate tents were labeled with a 
number 1, 2 or 3.  All tents were new 2014 model 2-person backpacking tents. Four brands were 
actively involved in the project and donated 12 of the 15 tents for analysis. The remaining 3 
tents, representing 1 brand, were purchased from a national vendor retailing outdoor products. 
Textiles were sampled for chemical analysis using a box cutter and cardboard template to cut 1.0 
in2  samples from each of the main tent textile components. Most tents were composed of four 
main textiles: base, wall, mesh, and rainfly.  Select tents had slightly different tent constructions, 
so adjustments were made to ensure all relevant textiles were included in the analysis.  For 
example, some tents had walls made entirely of mesh, and, therefore, there was no wall material 
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to test. For these tents, only three materials samples were collected. Between each sampling area 
and each tent sample, the box cutter was cleaned using hexane and ethanol. 

Dermal Exposure. To assess dermal exposure to flame retardants from tent use, 20 volunteer 
participants were recruited to set up one randomly assigned tent.  Samples were collected in one 
day in September 2014 with a temperature of 23°C, humidity of 83%, and average windspeed of 
5 mph.  There was no precipitation that day. Participants were males and females between the 
ages of 20-35 years old. All participants provided informed consent prior to sample collection, 
and all protocols and procedures were approved by the Institutional Review Board (IRB) at Duke 
University.  Each participant was assigned a unique study ID to protect participants’ identities.  

Prior to handling a tent, each participant completed a brief survey to assess background exposure 
to flame retardants based on lifestyle and time spent in various microenvironments (e.g. potential 
flame retardant exposure from using public buses) and personal camping habits.  Following the 
survey data collection, each participant drew a letter A, B, C, D or E and a number 1, 2 or 3 to 
determine which sample they would handle.   

Hand wipes were collected using previously described methods (Stapleton et al. 2008).   In brief, 
two sets of hand wipe samples were collected from each study participant.  Hand wipe samples 
were collected using pre-cleaned cotton twill wipes manufactured by MG Chemicals (part # 829-
4x4; Surrey, B.C.) soaked in approximately 3 mL of isopropyl alcohol.  Each hand wipe sample 
was collected by wiping one prepared cotton wipe over the front and back of each hand of the 
participant.  Each wipe covered the participant’s hand from wrist to fingertips including between 
fingers.  After completing the survey and prior to handling their tent sample, a preliminary hand 
wipe was collected to assess background levels of flame retardants present on participants’ 
hands.  After collection of the background hand wipe, and after hands had dried, participants set 
up the tent to which they had been assigned to simulate normal product use.  Following tent set 
up, a second hand wipe was collected to assess the transfer of flame retardant to the hands from 
handling the camping equipment.   

Immediately after collecting wipe samples, the exposed gauze pads were wrapped in clean 
aluminum foil, placed in a plastic storage bag, and stored at -20°C until analysis. All hand wipe 
samples were collected by the same researcher to minimize variability. All preliminary hand 
wipe samples were labeled with the participant’s unique study ID number and “pre”  (ex: 19-
pre).  All post tent setup hand wipe were labeled with the participant’s unique study ID number 
and the unique tent ID number (ex: 19-A3).  Field blanks (n=5) were kept in the testing area 
during sample collection.  

Investigation of inhalation exposure potential. Inhalation exposure was assessed using active 
air samplers placed inside each assembled tent. Air samples were collected using polyurethane 
foam (PUF) plugs with a glass fiber filter housed in glass sleeves using methods described in 
Allen et al. 2007. Tubes, PUFs, and sleeves were purchased from SKC Inc. (Eighty Four, PA). 
Air was actively pulled through the sampling tubes at a rate of 2.0 L/min using Airlite sample 
pumps, also manufactured by SKC, powered by double-A lithium batteries.  Batteries were 
replaced before each sample collection.  The air flow on each pump was measured prior to and at 
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the end of air sampling to ensure the flow rate did not change significantly during sample 
collection.  

Active air sampling was conducted inside fully assembled tents, including the rain fly attached as 
an outside cover.  Sampling occurred over a total period of 5 days with tents of the same brand 
(n=3), tested on the same day.  The average temperature over the course of the sampling period 
was 20.9±1.9 °C, average humidity was 72.4±2.3%, and average windspeed was 3.4±2.6 mph.  
Active air samplers were hung 12 inches above the base in the center of the tent to simulate the 
breathing zone during sleep.  Air samplers were run in empty tents for approximately 24 hours 
and checked at 15 min increments after 20 hours to ensure accurate sampling duration was 
recorded.  After each collection period, the glass sampling tubes were wrapped in aluminum foil, 
placed in plastic bags and frozen at -20°C until analysis.  Field blanks (n=3), used for quality 
assurance and quality control, were briefly attached to pumps, then wrapped in foil and stored 
with the samples.  

Sample Extractions and Analysis. 

Tent textile samples were first screened for flame retardants using the method reported in 
Stapleton et al. 2011.  After flame retardants were identified during the screening steps, a second 
aliquot of each sample was extracted and analyzed using a previously published method as 
described in Keller et al. 2014.  The tent textiles were analyzed for twelve additive flame 
retardants that included TCEP, TCPP, TDCPP, TPP, TBBPA, V6, PentaBDE, OctaBDE, 
DecaBDE, TBB, TBPH, HBCD, DBDPE, listed below in table 1).  

Hand wipe samples were extracted using a previously reported method described in Stapleton et 
al. 2008.   Prior to extraction, all hand wipes were spiked with isotopically labeled internal 
standards that included dTDCPP, 13C TPP, F-BDE-69 and 13C BDE 209. Field blanks used in 
the dermal exposure experiment (n=5) and laboratory blanks (n=9) were analyzed along with the 
samples.  

Air filters and PUFs were extracted together and analyzed using a previously reported method as 
described Allen et al., 2007. Prior to extraction, all air filters were spiked with isotopically-
labeled internal standards that included dTDCPP, 13C TPP and F-BDE-69. Field blanks used in 
the air exposure experiment (n=3) and laboratory blanks (n=8) were analyzed along with the 
samples.  

Prior to mass spectrometry analysis, all extracts were spiked with a recovery standard.  For 
quantification of OPFRs, samples were spiked with dTCEP and dTPP.  For analysis of 
brominated compounds, samples were spiked with 13C CDE-141.  Samples were analyzed for 
specific flame retardant chemicals using either gas chromatography mass spectrometry operated 
in either electron impact mode (GC/EI-MS: OPFRs) or electron capture negative ionization 
mode (GC/ECNI-MS; brominated flame retardants) or by using liquid chromatography tandem 
mass spectrometry (LC/MS-MS) for more polar compounds (e.g. V6).  
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Table 1:  Flame retardants examined in this study. 

Abbreviation Chemical Name CAS 
TPP Triphenyl Phosphate 115-86-6 

TCEP Tris(2-chloroethyl) phosphate 115-96-8 

TCPP Tris(2-chloropropyl) phosphate 
13674-84-

5; 6145-73-
9 

TDCPP Tris(1,3-dichloro-2-propyl)phosphate 13674-87-8 

V6 2,2-Bis(chloromethyl)trimethylene bis[bis(2-chloroethyl) 
phosphate] 38051-10-4 

PentaBDE Pentabromodiphenyl ether 32534-81-9 

OctaBDE Octabromodiphenyl ether 32536-52-0 

DecaBDE Decabromodiphenyl ether 1163-19-5 

HBCD 1,2,5,6,9,10-Hexabromocyclododecane 3194-55-6 

TBB 2-ethylhexyl-2,3,4,5-tetrabromobenzoate 183658-27-
7 

TBPH Bis(2-ethylhexyl)-tetrabromophthalate 26040-51-7 
DBDPE 1,2-Bis(pentabromophenyl) ethane 84852-53-9 
TBBPA Tetrabromobisphenol A 79-94-7 

QA/QC 

Strict quality control and quality assurance (QA/QC) measures were used throughout the analysis 
including the use of laboratory and field blanks.  For each batch, samples were blank-corrected 
by subtracting the average value of the laboratory or field blanks, whichever value was higher. 
Method detection limits were set equal to three times the standard deviation of the blanks (field 
or lab, whichever was highest).    

The average detection of TCEP, TDCPP, TCPP and TPP detected in field blanks were 16.55, 
21.45, 7.90, and 8.13 ng, respectively, which were slightly greater than the corresponding lab 
blank values. e.  MDL values for these compounds were 18.15, 4.72, 9.00 and 5.55 ng, 
respectively. 

The average detection of TCEP, TDCPP, TCPP and TPP detected among lab and field blanks 
were 53.8, 50.8, 230 and 14.6 ng, respectively. MDL values for these compounds were 97.30, 
44.9, 110 and 17.1 ng, respectively.  

Statistical Analysis. Statistical analyses were done using the R software package.  Descriptive 
statistics were calculated and the data was checked for normality using Shapiro Wilk Tests.  The 
levels of flame retardants in active air samples, hand wipes and textiles were closer to a log 
normal distribution compared to a normal distribution.  Due to the distribution and as values for 
flame retardant concentrations are being compared across different brands of tents, geometric 
means were reported to reduce the effects of extreme values. Even after log transformation, not 
all data groupings passed a Shapiro-Wilk normality test. With that in mind, both parametric and 
non-parametric statistical analyses were run. Student’s t-tests on log transformed data were 
performed to determine differences between pre and post hand wipe samples. Mann-Whitney 
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non-parametric difference tests were run on untransformed hand wipe data. Associations 
between matched hand wipe data, air sampler data and flame retardant levels in tents were 
conducted using nonparametric statistics, including the Spearman’s rank order correlation. Any 
concentration in which the level was <MDL was replaced by a value equal to the MDL divided 
by the square root of 2 for statistical analyses when detection frequency was greater than 40%.  
Statistical significance was set at α= 05.    

RESULTS 

Textiles Analysis. Flame retardant chemicals were found in several of the tents, in more than 
one type of material.  Table 2 summarizes the detection of each flame retardant among the 
different tent materials (i.e. base, fly, mesh and wall) and different brands. TDCPP was detected 
most frequently in the tent materials and was above MDL in all materials from tent brand C. 
Though TCPP was detected in select tent textiles at low levels, these levels were not quantifiable 
above the MDL.   No chemical flame retardants were detected in brand D using our mass 
spectrometry methods. 

The mean flame retardant concentration measured among replicate tents in each brand are 
presented in tables 3-6.  

Table 2: Flame retardant (FR) chemicals in tents by material and by brand.  

TENT BRAND 
 A B C D E 

Base TPP TPP TCEP, TDCPP - TCEP, TDCPP, DBDPE 
Fly TDCPP, DBDPE TDCPP, DBDPE TCEP, TDCPP - TCEP, TDCPP, DBDPE 

Mesh TDCPP TDCPP TDCPP - TDCPP 
Wall - - TDCPP - - 

Note: A cell filled with a dashed line (“-”) indicates a non-detect. This may indicate a total 
absence of a compound from the sample, a concentration of that compound below the method 
detection limit (MDL), or that our lab was unable to identify flame retardants present due to a 
lack of standard of reference. 

Table 3: Average and standard deviation of concentration of TCEP in tent textiles. The MDL 
was equivalent to 0.1 mg/g.  

Brand TCEP in Base 
(mg/g) 

TCEP in Fly 
(mg/g) 

C 5.48 + 0.79 4.33 + 0.58 

E 12.5+ 8.56 2.74 + 4.24 
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Table 4: Average and standard deviation of concentration of TDCPP in tent textiles. The MDL 
was equivalent to 0.1 mg/g.   

Brand TDCPP in Base 
(mg/g) 

TDCPP in Fly 
(mg/g) 

TDCPP in Mesh 
(mg/g) 

TDCPP in Wall 
(mg/g) 

A ND 9.48 + 1.83 0.22 + 0.17 ND 

B ND 9.96 + 0.67 0.49 + 0.49 ND 

C 13.9 + 2.22 14.40 + 0.59 0.25 + 0.15 0.22 + 0.06 

E 4.62 + 0.26 6.85 + 0.86 0.29 + 0.12 ND 
 

Table 5: Average and standard deviation of concentration of TPP in tent textiles. The MDL was 
equivalent to 0.1 mg/g.    

Brand TPP in Base (mg/g) 
A 2.68 + 0.34 

B 0.94 + 1.10 
 

Table 6: Average and standard deviation of concentration of DBDPE in tent textiles 

Brand DBDPE in Base 
(mg/g) 

DBDPE in Fly 
(mg/g) 

A ND 0.08 + 0.02 

B ND 0.09 + 0.02 

E 0.10 + 0.13 0.07 + 0.02 

As seen in table 2 above, the tent base and tent rainfly textiles were the most commonly treated 
components in all tent samples. Additionally, analysis shows that TDCPP is the most widely 
used flame retardant across all tent materials and brands, and was found at the highest 
application rates.  

Dermal Exposure Analysis. Flame retardants were detected in a majority of the hand wipe 
samples, and levels were higher in post-set up hand wipes compared to pre-hand wipe set up 
levels.  The amount of each flame retardant transferred to participants hands was calculated by 
subtracting the levels measured in post-setup minus pre-setup hand wipe samples.   Table 7, 
summarizes the average amount of each flame retardant transferred to participants hands during 
tent use.  

Table 7: The mass of flame retardant chemicals (ng) transferred to participants’ hands following 
tent set-up  (equivalent to the levels measured in post-setup minus pre-setup hand wipe samples) 
averaged by brand handled.   
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Brand TCEP TDCPP TCPP TPP 
A <18 1150 + 311 127 + 0.63 556 + 71.9 
B <18 950 + 622 <9.0 270 + 228 
C 29.8 + 27.6 1980 + 922 214 + 98.2 <5.6 
D <18 <5 146 + 39.5 <5.6 
E 659 + 348 956 + 9.48 25.1 + 0.32 <5.6 

 

 

Figure 1: Mass of flame retardant chemical (ng) transferred to participants hands following tent 
set up.  Levels are separated based on whether that flame retardant was detected in tent material 

analysis (absent/ present). 

Paired student’s t-tests were run on pre-setup and post-set up hand wipe samples to determine 
significant differences.  There were statistically significant differences in the difference of TCEP 
(t= -4.03, df=7, p <0.01), TDCPP (t= -21.88, df=13, p <0.01), and TPP (t= -3.97, df=5, p <0.01) 
on participants hands from the pre-setup and post-setup hand wipes samples 

The strongest difference between pre and post hand wipe samples was observed for the dermal 
transfer of TDCPP.  Additionally, the highest geometric mean of the difference of post-setup 
minus pre-setup across all hand wipe samples for TDCPP was 786 ng. In tents found to contain 
TDCPP, the mean mass transferred to users hands was more than 1200 times higher than for 
tents found not to contain TDCPP. 

Although the data displayed a distribution that was closer to log normal compared to a normal 
distribution, some values failed to meet the constraints of the Shapiro-Wilk test. With that in 
mind, nonparametic Wilcoxon and Mann-Whitney tests were run on the untransformed data. 
Both parametric t-tests on log transformed data, and nonparametric tests on raw data revealed 
statistically significant difference in the levels of flame retardant on pre-setup compared to post 
setup hand wipes for: TCEP (p < 0.01), TDCPP (p < 0.001), and TPP (p < 0.05). TCEP levels in 



 12 

post wipes were approximately 15 times higher than in pre wipes. TDCPP levels in post wipes 
were approximately 52 times higher than in pre wipes. TPP levels in post wipes were 
approximately 6 times higher than in pre wipes.  

To address the larger question, if setting up tents is a source of flame retardant chemical 
exposure, the cumulative mass of all flame retardants (TCEP, TDCPP, TCPP, and TPP) 
measured on each participants hands (pre and post set up) was summed.  There was a statistically 
significant difference between cumulative pre and cumulative post hand wipe samples (t = -
18.5808, df = 13, p-value < 0.001). The Mann-Whitney test on all flame retardants also returned 
statistically significant results (p < 0.001). 

Air Concentrations. Flame retardant chemicals were detected in four of the five brands of tents 
sampled. The average concentration of each flame retardant measured in 24 hour air samples 
collected inside fully assembled tents are presented in table 8.  

Table 8: Mean concentrations of flame retardants measured in air samples collected inside tents 
during active air sampling. Values represent the mean and standard deviation (n=3). 

Brand TCEP (ng/m3) TDCPP 
(ng/m3) TCPP (ng/m3) TPP (ng/m3) 

A <MDL <MDL <MDL 117 + 27.4 

B <MDL <MDL <MDL 39.5 + 29.4 

C 326 + 135 141 +60.5 117 + 44.6 <MDL 

D <MDL <MDL <MDL <MDL 

E 3160 + 527 54.8+16.5 <MDL <MDL 
 

Figure 2 presents the range of concentrations measured inside the tents for the various flame 
retardants detected.   TCEP had the highest measured geometric mean concentration in the air 
inside the tents, 588 ng/m3. In general, the presence of TCEP in a tent led to an average increase 
of TCEP in the air of 70 fold. The presence of TDCPP in a tent led to an average increase of 
TDCPP in the air of 4.5 fold. Lastly, the presence of TPP in a tent led to an average increase of 
TPP in the air of 23 fold. 
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Figure 2: Concentrations of flame retardants measured via active air sampling from inside 
camping tents on a log scale and sorted by presence or absence of flame retardant in material.  

Correlations  
Further statistical analyses were conducted to determine if there were significant increases in the 
flame retardants concentrations in either the air or hand wipes based on the concentrations 
measured in the different tent textiles. The results are summarized in Figures 3-5 below.  

 

Figure 3: Correlation plots of TCEP in textiles with air sampling data and dermal exposure data. 
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Figure 4: Correlation plots of TDCPP in tent textiles with active air sampling data and dermal 
exposure data. 

 

Figure 5: Correlation plots of TPP in tent textiles with active air sampling data and dermal 
exposure data. 

Statistically significant positive correlations were observed between TCEP in tent base textiles 
and air samples (r=0.88, p <0.001), fly textiles and air samples (0.86, p <0.001), base textiles and 
dermal samples (r=0.79, p<0.01) and fly textiles and dermal samples (r=0.77, p<0.01). 
Statistically significant positive correlations were also found between TDCPP in the base textiles 
and air samples (r=0.93, p<0.001), and fly textiles and dermal samples (r=0.89, p<0.001). Lastly, 
statistically significant positive correlations were found between TPP concentrations in the base 
textiles and in the air samples (r=0.90, p<0.001) and dermal samples (r=0.89, p<0.001).  

DISCUSSION 

Analysis of the tent textiles in this study identified four different chemical flame retardants 
present:  TDCPP, TPP, TCEP, and DBDPE, in 5 brands of 2-person backpacking tents. The 
detection of primarily OPFR compounds shows a shift away from the brominated compounds 
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(e.g. decaBDE), in camping textiles.  DecaBDE was the most frequently detected flame retardant 
in previous research on camping tents by Keller et al., which supports presumptions that the 
industry is shifting away from halogenated chemicals and towards the use of OPFRs in response 
to the phase out of the PBDE compounds. The variability in concentrations and type of flame 
retardant used across brands indicates that application rates are not standardized. TDCPP was the 
most frequently detected flame retardant, detected in 4 of 5 brands and across all main tent 
materials, wall, base, rainfly and mesh. TCPP was below the method detection limit in all 
materials samples though the presence of this flame retardant in the air and dermal exposure data 
indicates it may be present at low levels in the materials and may result in exposure.  The 
concentrations are lower than we expected based on previous research by Keller et al (2014), 
which observed textile concentrations in the approximate range 1-4% by mass. In our study, 
concentrations in the textile maxed out at approximately 1.5% of the tent textile by mass. This 
may be due to the lower molecular mass of OPFRs compared to PBDEs. It is also possible that 
OPFRs are effective at lower application rates, though nothing is known about efficacy. 
Additionally, it could be attributable to differences in manufacturing practices or materials 
choices between the tents examined in the Keller et al. and the lightweight backpacking tents 
examined here.   

Data collected from the analysis of the hand wipe samples indicates that the flame retardants 
applied to tents transfer from the products to users’ hands. The amount of potential dermal 
exposure may vary based on the type of chemical applied, the chemical loading rate, the 
application method, and tent construction differences. The highest potential exposure amount in 
dermal samples was observed for TDCPP.  This observation likely reflects the higher loading 
rate of TDCPP compared to other compounds detected and/or may be a result of the higher 
octanol-water partition coefficient (KOW) of TDCPP compared to TCEP (see Appendix A). The 
log KOW for TDCPP is estimated at 3.65 by Episuite, compared to a log KOW of 1.63 for TCEP 
and a logKOW of 4.59 for TPP, indicating its higher lipophilicity. Compounds that are more 
lipophilic have a greater tendency to bioaccumulate, therefore, TPP may be likelier than TDCPP 
to accumulate in tissues.  

Most importantly, based on the study design, the results show that flame retardants leach from 
products during normal product use, providing a plausible route for human exposure. This result 
is further supported by the aggregated results of all flame retardants, pre and post set-up, which 
showed a statistically significant increase in flame retardant mass on participants hands after tent 
set-up.   

Active air sampling inside the tents indicates that inhalation is a possible route for exposure to 
TDCPP, TCEP, and TPP.  The highest potential exposure based on the air concentrations is 
expected to occur for TCEP.  This observation likely reflects the higher vapor pressure of TCEP 
compared to TDCPP and TPP (see Appendix A). The vapor pressure for TCEP is approximately 
1.1 *10^-4 mm Hg, which is two orders of magnitude higher than the vapor pressures of for TPP, 
6.26*10^-6 mm Hg, and TDCPP, 2.98*10^-7 mmHg. These results suggest that at the observed 
application rates, there is potential for inhalation exposure for all compounds, with the highest 
inhalation potential for TCEP. The higher loading rate of TCEP in the base, as compared with 
the fly, may also drive exposure as the base is closer to the occupant breathing zone in the tent.  
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The results of the correlation analysis indicate that there are statistically significant and positive 
relationships between the amount of these flame retardants found in certain tent textiles and 
potential exposure. Significant positive relationships were observed for flame retardants 
measured in the tent material and air and dermal samples. These results suggest that exposure is 
directly correlated to the amount of flame retardant chemical applied to tent components. In 
some cases, the relationship between the concentration of the flame retardant in the textile and 
the air and dermal exposure values accounted for the majority of the variation found in the data. 
As mentioned above, some of these relationships appear to be mediated by the physical chemical 
properties of the different flame retardants, including vapor pressure and KOW. 

To provide a more accurate picture of flame retardant exposure from camping tents additional 
research is needed. Using more tent replicates from different product cycles may  shed light on 
the range of application rates and chemical formulations. This may offer insight to the level of 
standardization of chemicals products used or application processes. To increase the power of the 
dermal exposure and active air sampling results, this series of studies should be repeated with a 
larger group of participants and a larger sample of tents.  Increasing the number of study 
participants and the number of tents used would allow for a stronger representation of potential 
exposure given the high level of personal variation and tent textile variation. Controlling for 
background exposure by asking participants to wash their hands prior to set up may also provide 
further understanding of the relationship between specific chemicals and rates of dermal 
exposure during tent set up.  Urinalysis testing to detect known metabolites of OPFRs in samples 
collected from participants after spending a period of time inside camping tents would allow for 
investigation of internal dose of OPFRs. Testing blood samples would provide a better 
understanding of both OPFR and other flame retardants, such as DBDPE and PBDEs.  Lastly, 
certain flame retardants have been shown to breakdown into more toxic byproducts in the 
environment and via metabolism. Further research is needed to understand the potential for 
additional adverse exposure from flame retardant metabolites.  

Conclusion 

Two-person backpacking tents tested in this study contain flame retardant chemicals, presumably 
to comply with CPAI-84. The applicability of some of these results may be limited due to small 
number of tents sampled and limited number of study participants. However the results do 
support previous research that camping tents are a source for exposure to flame retardant 
chemicals.  

A 2008 literature review and modeling exercise performed by the EPA determined that 82% of 
exposure to PBDEs was driven by intakes of household dust, via ingestion and dermal absorption 
pathways, with ingestion from food/water and inhalation accounting for the other 18% of dose 
(Lorber, 2008). Deca-BDE, the PBDE most commonly applied to textiles, varies in physical 
chemical properties from the OPFRs examined in this study. The vapor pressure of Deca is 
orders of magnitude lower than the OPFRs, 3.5*10^-8 mm Hg. The log KOW of Deca is 6.27, 
which is several orders of magnitude higher than for the OPFRs in question. Based on these 
numbers, we anticipate that inhalation exposure will be a greater pathway of exposure to OPFRs 
than for the PBDEs. Additionally, the lower lipophilicity of the OPFRs compared to the PBDEs 
may decrease the importance of hand-to-mouth contact as a route of exposure. This analysis does 
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not take into account dermal absorption of OPFRs, which has been shown to be a source of 
exposure for TDCPP (Blum, 1978).  Thus, this analysis provides a limited insight into potential 
human exposure from camping tents.  

Finally, though the laboratory performing analyses has a breadth of flame retardant chemical 
standards, novel flame retardant products emerge onto the market regularly. Successful 
identification of all compounds present in tent textiles, particularly proprietary chemicals for 
which no standards are available, will require cooperative collaboration between the material 
suppliers, tent brands and researchers to increase transparency of chemical applications and 
safety of consumer products. 
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Appendix A: Flame Retardant Chemical Physical-Chemical Properties  

Abrv. CAS MW  
(Da) 

Boiling point (°C) 
@ 760 mmHg 

Vapor Pressure mmHG @ 
25 C 

Solubility in water 
(mg L^-1) at 25°C Log KOW Sources 

TCEP 115-96-8; 
51805-45-9 285.49 330 (Experimental); 

351 (Modeled) 
6.13E-02 (Experimental); 

3.91E-04 (Modeled) 
7.0E03 (Experimental); 

877.9 (Modeled) 
1.44 (Experimental) 

1.63 (Modeled) 
USEPA, 

2013 

TDCPP 13674-87-8 430.9 
236-237 

(Experimental); 
458.73 (Modeled) 

2.86E-07  (Modeled) 7 (Experimental); 1.501 
(Modeled) 

3.65 
(Experimental); 
3.65 (Modeled) 

USEPA, 
2013 

TPP 115-86-6 326.29 245 (Experimental); 
441.27 (Modeled) 

6.28E-06 (Experimental); 
4.72E-007 (Modeled) 

1.90 (Experimental); 
1.034 (Modeled) 

4.59 
(Experimental); 
4.70 (Modeled) 

USEPA, 
2013 

DecaBDE 1163-19-5 959.2 >320 (decomposes) 
(Measured) 3.5×E-08 (Measured) <1.00×E-04  

(Measured) 6.27 (Measured) USEPA, 
2012 
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Introduction & Background  

Flame retardant chemicals are applied to a variety of materials and products to lower ignition 
susceptibility and/or to reduce the ignition or spread of flame (Van Esch, WHO, 1997).  The use 
of flame retardants in consumer products gained momentum during the 1970s after the California 
Bureau of Consumer Affairs set forth a flammability standard, CA Technical Bulletin 117 (TB 
117), mandating filling material in residential furnishings withstand ignition by an open flame 
(Eskenazi et al., 2012; California Department of Consumer Affairs, 2000; Shaw, 2010).  A 
variety of other flammability standards were created for a variety of other products and settings 
with the intention of reducing fire risk to the public and their property. However, significant 
concerns with the use of these chemicals have mounted due to evidence that exposure is 
associated with adverse health effects, such as neurodevelopmental deficits, endocrine disruption 
and carcinogenicity (Blum, 1977; Birnbaum, 2004; Patisaul, 2013).  

Currently, a number of flame retardants are produced in high volumes and applied to myriad 
household products, office items, and construction materials. Concerns for adverse health effects 
and high production and use of flame retardants is exacerbated by evidence of potential leaching 
of flame retardants from materials to which they are applied and subsequent human exposure 
(Alaee et al., 2003; Blum et al., 1978; Stapleton et al., 2008; Stapleton et al., 2012). Heavy and 
widespread use of these compounds paired with their migration out of products means that flame 
retardants will end up inside of the consumers they are meant to protect (Blum et al., 1978; 
Stapleton et al., 2008; St. John et al., 1976).  Data generated by the CDC has already 
demonstrated that a commonly used class of flame retardants, polybrominated diphenyl ethers 
(PBDEs), are ubiquitously detected in serum samples from the general US population, 
suggesting chronic exposure.  The extent to which exposure leads to adverse health effects is not 
clear, particularly among sensitive populations, such as pregnant women and children.  However, 
exposure to PBDEs raised significant concern because of their proven persistence, 
bioaccumulation, and toxicity in animal studies (Windham et al., 2010; Betts, 2002; Hites, 2004).   

In response to the evidence against PBDEs, three high production volume PBDE commercial 
mixtures, pentaBDE, octaBDE, and decaBDE were banned in the EU and phased-out in the US 
followed by establishment of national significant new use restrictions (SNURs) by the US EPA 
in the early 2000s and 2010s (Betts, 2008; US EPA, 2012).  Furthermore, in 2009, pentaBDE 
and octaBDE were added to the Stockholm Convention’s list of persistent organic pollutants 
(POPs) (Stockholm Convention, 2009; Wang et al., 2012).  The market gap opened by the shift 
away from these very common flame retardant mixtures led to an influx of novel flame retardant 
chemicals with varying or unknown hazard profiles as replacements.  The lack of information 
about new flame retardants has left many manufacturers in the difficult position of trying to 
manufacture products that meet flammability standards, adhere to chemical compliance 
regulations, and are of the quality and safety consumers need.  

But new research has demonstrated that potentially hazardous flame retardant chemicals are also 
used in the outdoor environment.  A paper published in January 2014 was the first peer-reviewed 
research study on human exposure to flame retardant chemicals from contact with camping tents 
(Keller et al., 2014).  This paper sought to identify whether chemical flame retardants were being 
used to meet CPAI-84, and if so, whether tent users were being exposed to these chemicals from 
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product use. This study examined eleven tents and found decaBDE to be the most frequently 
detected flame retardant.  The study also detected tris(1,3-dichloroisopropyl) phosphate 
(TDCPP) and triphenyl phosphate (TPP) in multiple tents and tetra-bromobisphenol-A (TBBPA) 
in one tent.  Flame retardant compounds were found to comprise approximately 1-4% of the tent 
textiles by mass. In examining a separate set of tents, researchers found a significant association 
between flame retardants found in the tents and flame retardants detected on hand wipe samples 
collected from users after setting up the tents.  This suggests a route for human exposure as 
levels of flame retardants measured in hand wipe samples has been shown to be indicative of 
what is found in the bloodstream (Stapleton et al., 2008; Stapleton et al., 2012).  

Flammability Regulations for Camping Tentage 

Much of the research on human exposure to flame retardants performed to date has focused on 
applications in furniture, electronics, and baby products.  In addition to these products, flame 
retardant treatments are also applied to textiles, including the materials used in camping tents.  
Flame retardants are applied to camping tents in order to comply with a flammability standard, 
CPAI-84, which was set forth by the Canvas Products Association International (CPAI) in 1976 
and last updated in 1995 (Case, 2011).   CPAI-84 specifies flammability requirements for all 
“camping tentage,” which includes “any portable temporary shelter or structure designed to 
protect people from the elements including [but not limited to] camping tents; play tents (indoor 
and outdoor); recreational vehicle awnings; dining flies and canopies; fabric screen houses; add-
a-rooms; and ice fishing tents” (IFAI, 1995). The standard specifically requires wall materials of 
camping tentage to resist ignition or significant burn damage when exposed to an approximately 
4 cm vertical flame for 12-second, and flooring material must resist ignition or significant burn 
damage when exposed to a methenamine-timed burning tablet. Furthermore, the fabrics must 
also meet the aforementioned standards after an accelerated weathering process conducted by a 
carbon arc method, xenon arc lamp method or a UV fluorescent and condensation method (IFAI, 
1995).   

Compliance with this standard is currently mandatory in 7 US states: California, Louisiana, 
Massachusetts, Michigan, Minnesota, New York, and New Jersey and voluntary in all others 
(Bureau Veritas, 2008).  Despite the limited range of states requiring compliance, most 
manufacturers of tents sold within the US comply for all tent products they sell to avoid 
complicating their supply chain with multiple versions of the same product.  The types of 
chemical flame retardant products and processes used to comply with CPAI-84 vary and, to our 
knowledge, are not publicly available, and are dependent on the manufacturer.  

Additive and Reactive Flame Retardants  

Despite the common goal of safeguarding people and property from fire risk, not all flame 
retardants are created equally.  Different classes of flame retardant chemicals are suitable for 
different applications.  All flame retardants chemicals fall into two categories, additive and 
reactive.   

● Reactive flame retardants undergo a chemical reaction, or “co-polymerization”, with the 
materials to which they are added such that the chemicals themselves “cease to exist as 
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separate entities” (US EPA, 2014).  Reactive flame retardants are commonly incorporated 
into plastic raw materials, such as thermosetting polymers, including materials for 
electronics (Fisk et al., 2003; US EPA, 2013).   

● Additive flame retardants are incorporated into materials through physical mixing 
processes that do not include any chemical reaction or bond. The flame retardancy of 
additive flame retardants may diminish or be lost over the lifetime of the material via 
washing and normal wear (Fisk et al., 2003).  

Research suggests that chemical flame retardants, especially additive flame retardants, leach out 
of products, which provides a known route for human exposure and source of distribution into 
the environment (Blum et al., 1978; Fisk et al., 2003; Stapleton et al., 2008; Stapleton et al., 
2012).  

Modes of Action  

Flame retardants inhibit fire by altering the nature of materials, rendering them less combustible, 
or by extinguishing the flame itself.   

● Vapor phase flame retardants reduce the heat of combustion by interfering with the 
formation of free radicals that propagate the spread of flame, thus preventing the 
complete combustion cycle (Gilman, 2007; Schindler & Hauser, 2004).   

● Condensed phase flame retardants interfere with thermal degradation of polymers during 
combustion to promote the formation of residual char.   Charring creates a layer of 
thermal insulation, which acts as a fuel barrier between the textile and the oxygen 
required for the combustion reaction.  Thus, fewer of the flammable gases that propagate 
the combustion cycle are produced (Gilman, 2007; Schindler & Hauser, 2004).   

● Combination vapor and condensed phase flame retardant systems also exist as compound 
mixtures of different chemicals.  These systems, also referred to as endothermic flame 
retardants, lead to the production of non flammable gasses, which dilute and cool the 
polymer and dilute volatile gases (Gilman, 2007; Schindler & Hauser, 2004).   

● Intumescent flame retardant systems expand to create a foam-like barrier in the presence 
of flame to form less conductive thermal insulation barrier (Fisk et al., 2003).  Such 
systems are typically made of a blowing agent, which may be a nitrogen containing 
compound like urea or melamine, and an acid, typically a phosphorous based compound 
capable of thermally decomposing into phosphoric acid (Neisius et al., 2015). 
Intumescent systems are typically applied via back-coating to furnishing fabrics and 
nonwovens (ibid).  

 
Types of Flame Retardants  

Another way to categorize flame retardants is by chemical class.  The six general categories 
commonly referred to include the following: inorganic, brominated organic, chlorinated organic, 
organophosphorous (including phosphate esters), halogenated organophosphorous compounds, 
and nitrogen-based (Fisk et al., 2003).  Additionally, some flame retardant chemicals do not 
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appropriately fit into one of the categories.  Figure 1 below shows a breakdown of flame 
retardants by chemical type.   

 

Figure 1: Types of chemical flame retardants (adapted from KEMI, 1996 & Fisk et al., 2003) 

Scope of this alternatives assessment  

This alternatives assessment report and all information included herein is intended for 
manufacturers of camping tents.  Specifically, this assessment is applicable to tents constructed 
of lightweight polyester materials and produced for US markets.  This product category was 
chosen due to specific requests from tent-making brands participating in this research effort, the 
popularity of these products in the US, and the fact that they must meet the flammability 
standard, CPAI-84.  

This alternatives assessment does not include data on cost, availability or efficacy of flame 
retardant compounds.  Though these excluded factors are essential for selecting appropriate 
chemicals during product manufacture, this project was subject to limitations of time, cost and 
barriers of proprietary information.  To address this deficit, users of this document are 
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encouraged to work with product manufacturers and material suppliers to fill in gaps during 
future chemical selections.   

Criteria for selecting alternatives  

This assessment considered relevant OPFRs, select halogenated compounds, and select 
inorganics as alternatives for use in camping tents.  All flame retardant chemicals discovered 
during material analysis of tents submitted by participating brands were included.  Flame 
retardant compounds applicable for use in textiles from the US EPA Design for the Environment 
(DfE) alternatives assessment for DecaBDE were also determined to be potentially viable 
alternatives and were included.  Additionally, we collaborated with academic scientists, industry 
professionals, and material suppliers to identify appropriate alternatives to be included and in 
gathering preliminary data.   

Chemicals that were not found in camping tent materials during the laboratory analysis (see 
Chapter 1) or that are restricted from use by regulatory restrictions such as US EPA Significant 
New Use Rules (SNURs) or California Proposition 65 (Prop 65) were deemed unacceptable for 
use and therefore not considered in this report (e.g. DecaBDE).  We did however include 
restricted flame retardants which were found during our exposure analysis (Chapter 1) in order to 
compare what is currently being used against other potentially viable alternatives.   

Objectives 

The main objective of this project was to identify potentially viable flame retardant options for 
use in camping tents that comply with CPAI-84 by evaluating the human health and 
environmental hazard profile of current alternatives. Alternatives were defined as chemical flame 
retardants that can be applied to polyester textiles via back-coating in a polyurethane matrix. 
This report seeks to inform brands designing tent products, product manufacturers and 
organizations about flame retardant chemicals and relevant considerations for their use in 
camping tents.  As discussed in Chapter 1, an exposure analysis was conducted on camping tents 
submitted by participating brands to provide better understanding of routes of potential human 
exposure during product use.  

To accomplish the overarching goal of this project, we sought to accomplish the following:   

1. Identify and measure flame retardant chemicals applied in 5 different brands of camping 
tents that were on the market in 2014 (Chapter 1) 

2. Assess potential human dermal and inhalation exposure to flame retardants used in tents 
(Chapter 1) 

3. Gather a list of potentially viable flame retardant alternatives for tents 

4. Assess the relative toxicity/hazard of identified alternatives 

5. Adapt a framework to rank flame retardant options based on a toxicity derived hazard 
profile 
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6. Produce an alternatives assessment based tool to educate manufacturers, aid in selection 
of the least harmful flame retardant options for tent products, and encourage transparency 
in the manufacturer supply chain 

These objectives were accomplished in the following four parts.   

Part 1: Materials analysis  

A series of experiments were conducted on tents 5 different leading outdoor brands, 3 replicate 
of each tent for a total of 15 tents.  All tents were 2014 models of 2-person backpacking tents. 
Twelve of the 15 tents, 4 of 5 brands, were provided by brands actively involved in the project.   
The remaining 3 tents, 1 brand, were purchased from a store retailing outdoor products.  

To quantify the amount of flame retardant chemicals present in each the materials comprising 
each tent, samples of approximately 1 in2  were collected from each main materials of each 
product.  Adjustments were made to accommodate different tent constructions and ensured that 
all relevant materials were included in the analysis.   

For a complete summary of the material analysis, please refer to Chapter 1.  

Part 2: Exposure Analysis 

We assessed dermal exposure through collection of hand wipe samples from 20 volunteer 
participants.  Participants were recruited using an IRB approved script.  Hand wipes were 
collected using sterile gauze pads and isopropyl alcohol according to a previously identified 
method (Stapleton et al., 2008). Prior to tent set up, each participant filled out a survey to assess 
personal habits associated with flame retardant exposure and camping tent use. Participants then 
randomly selected a number and a letter corresponding to one of the 15 tents being studied.  

Following survey administration, two hand wipe samples were collected from each participant.  
The first sample was collected by wiping the participants hands before handling any camping 
tent to measure background levels of flame retardants.  Participants then set up the randomly 
assigned tent.  The second hand wipe sample was collected from each participant immediately 
after setting up the randomly assigned tent.  The difference between the pre and post hand wipe 
samples were used to estimate the transfer of flame retardants to users hands from normal tent 
use.   

Inhalation exposure was assessed using active air samplers hung in tents.  Air samplers were 
hung in the human breathing zone during sleep, approximately 12 inches from the base of the 
tent, for 22-24 hours.  The mass of flame retardants collected on the active air sampler filters, 
flow rate of the active air samplers, and length of collection period were used to calculate the 
mass of respirable flame retardants per cubic meter of air per hour.  This value was determined to 
be the potential human inhalation exposure for flame retardant chemicals during normal tent use.   

For a complete summary of the exposure analysis, please refer to Chapter 1.  
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Part 3: Literature review 

The toxicity of certain flame retardant chemicals, such as PBDEs, has been extensively studied. 
However, novel flame retardants with varying or unknown toxicities have emerged into the 
market to take the place of more well-understood compounds that have been restricted. A 
thorough review of current peer-reviewed literature and government agency documents on 
various flame retardant chemicals and other alternatives was conducted to compile data for 
evaluating potentially viable options for tents using Google Scholar, the Duke University Library 
retrieval system, US EPA documents, and the European Chemicals Agency’s REACH database.   

The EPA Design for the Environment Alternatives Assessment for DecaBDE provided 
comprehensive data for 16 compounds included in this assessment.  To identify data for each 
toxicity endpoint included in this assessment for the remaining five compounds, we performed 
searches in the aforementioned databases using search terms including “risk assessment”, 
“hazard assessment”, “mammalian toxicity”, “ecotoxicity” and “human health hazard” for each 
compound.  We also established Google scholar alerts for each compound to include relevant, 
breaking information in qualitative discussions.   

Additionally, we reviewed information from books on flame retardant technologies including 
Chemical Finishing of Textiles and Functional Finishes for Textiles, and consulted industry 
professionals, academic scientists and tent material suppliers for information regarding current 
and emerging flame retardant technologies.  

Part 4: Alternatives Assessment 

The framework used to structure this alternative assessment process came from the EPA’s 
Design for Environment (DfE) program and the National Academy of Sciences (NAS) Chemical 
Alternatives Framework. Using the US EPA DfE and NAS frameworks, and additional guidance 
from academic experts, we developed a system to quantitatively score and compare identified 
flame retardant options against each other on a 2-dimensional decision matrix. To make the list 
of alternatives more relevant for manufacturers, we collaborated with participating brands’ to 
identify industry priorities for consideration, including whether or not a compound was regulated 
in any country where their manufacturing occurs or where they sell, which were included in the 
final chemical rankings.   

Hazard data collected from the literature was used to assign each chemical with a Toxicity Score.  
Available chemical fate and transport data were used to assign a persistence and bioaccumulation 
score, or Fate Score.  Additionally, exposure data generated from our material and exposure 
analyses and exposure calculations from the US EPA were used to calculate potential exposure 
scenarios during camping tent production and use.  

The final product of this process is a partial alternatives assessment. This assessment was 
deemed partial, due to data gaps including the absence of cost, efficacy and life cycle 
considerations for various alternatives.  Furthermore, this framework is not useful in ranking 
non-chemical treatments due to lack of data and lack of understanding of the potential viability 
of such options, which is detailed further in a following section.  
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Flame retardant alternatives included in this assessment  

Table 1: Complete list of 22 flame retardant chemical alternatives selected for inclusion in this 
assessment.  The abbreviations referenced in this table are how each specific chemical will be 

referenced in the following sections for this report. 

Abbreviatio
n Chemical CAS 

AHO Aluminum hydroxide 21645-51-2 
8064-00-4 

APP Ammonium polyphosphate 68333-79-9 
14728-39-3 

ATO Antimony trioxide (Diantimony trioxide) 1309-64-4 
BAPP Bisphenol A diphosphate 181028-79-5 
CDP Cresyl diphenyl phosphate 26444-49-5 

DBDPE 1,2-Bis(pentabromophenyl) ethane 84852-53-9 
DEPA Aluminum diethylphosphinate (Diethylphosphinic acid) 225789-38-8 
IPTPP Isopropylphenyl phosphate 68937-41-7 

MC Melamine Cyanurate 37640-57-6 
N-alks N-alkoxy hindered amine reaction products 191680-81-6 

PPh Polyphosphonate 68664-06-2 
TBB 2-ethylhexyl-2,3,4,5-tetrabromobenzoate 183658-27-7 

TBBPA Tetrabromobisphenol A 79-94-7 

TBDP Tertbutylphenyl diphenyl phosphate; Tris(isobutylphenyl) phosphate 56803-37-3 
68937-40-6 

TBOEP Tris (2-butoxyethyl) phosphate 78-51-3 
TBPH Bis(2-ethylhexyl) tetrabromophthalate 26040-51-7 
TCEP Tris(2-chloroethyl) phosphate 115-96-8 

TCPP Tris(2-chloropropyl) phosphate 13674-84-5 
6145-73-9 

TDCPP Tris(1,3-dichloro-2-propyl)phosphate 13674-87-8 
TPP Triphenyl phosphate 115-86-6 

TTBP Tris (tribromoneopentyl) phosphate 19186-97-1 
V6 2,2-Bis(chloromethyl)trimethylene bis[bis(2-chloroethyl) phosphate] 38051-10-4 

This list represents flame retardant chemicals that may be used alone or in flame retardant 
mixtures.  The compounds are formulated and marketed under a variety of trade names by a 
variety of manufacturers (for a list of known trade names, see sheet 1 in the supplementary 
materials).  Potential impurities in commercial chemical formulations are an important additional 
consideration during chemical selection.  For example, the commercial chemical V6 is reported 
to contain an impurity of TCEP of up to 14% (Fang et al. 2013).  The potential variation of 
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chemical composition, including varying isomers or impurity content, will vary by chemical and 
by chemical quality.  

Flame retardant chemicals not included in this assessment  

A number of flame retardant alternatives originally investigated were not included in the ultimate 
assessment.  The flame retardants listed below in table 2, were excluded due to lack of 
applicability, existing regulations on use, or insufficient data.  

Table 2: Select flame retardant chemicals excluded from consideration 

Chemical Name CAS Reason for Exclusion 

3-Hydroxyphenylphosphinyl-propanoic acid 14657-64-8 Inappropriate alternative 

Bis[(5-ethyl-2-methyl-1,3,2-dioxaphosphorinan-5-
yl)methyl] methyl phosphonate P,P'-dioxide) 42595-45-9 Inappropriate alternative 

Bisphenol-A bis(diphenyl phosphate) 5945-33-5 Insufficient data 

PBDE's 
(Penta-, Octa-, Deca- bromodiphenyl ether mixtures) 

32534-81-9 
32536-52-0 
1163-19-5 

Regulated 

Phosphonic acid flame retardants 
170836-68-7 
41203-81-0 
42595-45-9 

Insufficient data 

Phosphoric acid, 2-(2-chloroethoxy)ethyl bis(2-
chloroethyl) ester 137888-36-9 Insufficient data 

Phosphoric acid, 2-chloro-1-methylethyl bis(3-
chloropropyl) ester 137888-35-8 Insufficient data 

Triphenyl phosphine oxide 791-28-6 Inappropriate alternative 

Additionally, some compelling alternatives were deemed not viable for use in the recreational 
tent market at the present time.  These alternatives included nanocomposites (nanosilicates and 
other nanocoatings), polymeric flame retardants, silicone slickening agents, inherently flame 
resistant fibers (Nomex and Kevlar), and alternative flame retardant application processes (layer 
by layer application and plasma finishing).  Though interesting and potentially viable for 
achieving flame retardancy that is less harmful to human health and the environment, data 
limitations or advice from experts led us to conclude that they are not currently appropriate for 
consideration due to a variety of constraints, including cost or market availability.   These 
alternatives may become appropriate for consideration in camping tent products as the market 
evolves.  

Routes of Exposure  

For a complete summary of the exposure analysis, please refer to Chapter 1.  

The routes of human exposure to flame retardant chemicals considered potentially relevant for 
camping tents are ingestion, dermal absorption and/or inhalation.  Ingestion can include exposure 
to flame retardants present at very low concentrations in food, or from inadvertent ingestion of 
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flame retardants present on dust particles. Inadvertent ingestion, depicted below in graphic A, is 
most likely to occur from hand to mouth contact, which includes biting of fingernails, eating 
“finger foods”, and other activities that lead to ingestion of flame retardants present on the hands 
(ASTDR, 2014; Stapleton et al., 2008).  This is an especially concerning route of exposure for 
young children who have much higher frequency of hand to mouth contact and, therefore, may 
also face a greater risk for exposure to flame retardants (Hubal et al., 2000).  

Many flame retardants have an affinity for the fatty membranes in living tissue (Hughes et al. 
2001) and can therefore be transferred from products to skin surfaces through contact, or be 
deposited from the air onto the surface of the skin (Weschler & Nazaroff, 2012). Consequently, 
there is potential for dermal absorption of certain flame retardants, represented below in graphic 
B. Hair follicles, sebaceous glands, and pores provide entrance points for flame retardants to 
enter circulation (ATSDR, 2014). This is a potentially important route of exposure, though 
poorly understood (Lorber, 2008).  

Additive flame retardants can also partition into the air (Takigami et al., 2009).  Once airborne, 
flame retardants may be inhaled by tent users during normal respiration, depicted in graphic C.   

 

Graphic A: Ingestion Exposure Graphic B: Dermal 
Exposure 

Graphic C: Inhalation Exposure 

Exposure Analysis Results  

The exposure analyses found potential for exposure to three OPFRs (TPP, TDCPP and TCEP) 
through multiple routes of exposure. The dermal transfer study demonstrated that the three 
OPFRs present in analyzed tent materials transferred to users hands during tent setup. Air 
measurements inside the tents confirmed that the three OPFRs present in analyzed tent materials 
were volatilizing out of treated textiles and could be found at measurable concentrations in the 
air inside of the tents.  The potential for dermal and inhalation exposure from tent textiles shown 
in the material analysis to be treated with specific flame retardant chemicals showed statistically 
significantly higher compared to potential exposure for tent textiles determined not to be treated. 
Strong positive and significant correlations were found between the concentration of each flame 
retardant in specific textiles and the measurements of potential for dermal and inhalation 
exposure. Relationships varied based on all three factors and are summarized in the table below.  
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Table 3: Check marks indicate significant positive correlations between flame retardant 
application rates in specific material components and potential exposure pathways (p < 0.01). 

Refer to Chapter 1 for more information. 

 TCEP TDCPP TPP  

 Base Fly Base Fly Base 

Inhalation �  �  �   �  

Dermal �  �   �  �  

 

The variations in exposure potential across compounds is suspected to be a function of the 
application rate as well as the physical chemical properties of the flame retardants examined, 
including vapor pressure and octanol-water partition coefficients (KOW).  The comprehensive 
results are detailed in full in Chapter 1.  

Exposure Scenarios  

Using the data summarized above, we constructed 3 daily exposure scenarios for a child, an adult 
and an adult receiving occupational exposure.  Specifically, a one-year-old child spending 8 
hours in a tent, a 21-31 year old adult spending 8 hours in a tent, and a 21-31 year old worker, 
spending a 12-hour shift in proximity to many tents. These data from the exposure analyses were 
used as inputs for exposure models taken from the EPA and the literature.  

Hand-to-mouth contact was modeled based on the following formula used to estimate PBDE 
exposure (Stapleton et al., 2008).  

Ederm = Msurf * TE * SAC * EF 

Msurf  represents the mass of flame retardants measured on the hand wipe samples collected in the 
exposure analysis. TE is the transfer efficiency of TDCPP, assumed to be 50%, as was assumed 
for PBDEs in Stapleton, 2008. SAC is the surface area contacted, calculated as 10% of the 
surface area of the hand that enters the mouth with each contact. EF is the exposure frequency or 
number of hand-to-mouth contacts per hour per day. Surface area was determined using a 
formula from the EPA Exposure Factors Handbook: SA = a × weight(kg) b × height(cm) c × 
10000 (Values for a, b, and c can be found in the handbook and are based on age and gender).  
Height and weight were taken from the CDC’s Anthropometric Reference Data for Children and 
Adults: United States, 2007–2010. Because the only available Msurf values were for adults, 
values were corrected based on the ratio of 1-year-old child hand surface area to adult surface 
area.  
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For a one year-old child, exposure values included ingestion and inhalation. Inhalation rates were 
calculated using the EPA’s exposure factors handbook. Because most time spent in a tent is 
likely to be sleeping or some other stationary activity, passive/sedentary values were applied.  

According to these models, the route of exposure most applicable to adults is inhalation.  Values 
for a 21-31 year old were used for adult and adult worker calculations. The EPA does not 
consider hand-to-mouth contact a likely route of exposure for adults, providing no values 
analogous to those provided for children. 

Table 4: Cumulative dose of flame retardants from inhalation and hand-to-mouth contact (child 
only) in ng/kg/day. Difference between male and female is driven by differences in body weight. 

  TCEP TDCPP TPP 
1 Year Old Child - Female 41,800 152,000 49,900 
1 Year Old Child - Male 33,700 123,000 40,200 
Adult Camper - Female 44.6 2.33 1.59 
Adult Camper - Male 37.8 1.97 1.35 

Adult Worker - Female 66.9 3.5 2.39 
Adult Worker - Male 56.7 2.96 2.02 

To determine if the doses predicted by exposure scenario modeling may constitute a health risk 
to exposed individuals, we compared compounds to reference values using the hazard quotient 
method.  A hazard quotient is the ratio of the dose of the compound received compared to a level 
that has been determined to pose no adverse health effects. Of the compounds found in these 
tents, only TDCPP has a reference value for human exposure: 5.4ug/kg/day.  

Table 5: Total TDCPP Dose (ug/kg/day) and Hazard Quotient 

  1 Year Old Child 
(m/f) Adult Camper  Adult Worker  

Inhalation 0.01 - 0.011 0.002 0.003 
Ingestion 123 - 152 NA NA 

Total Dose 123 - 152 0.002 0.003 
Hazard Quotient 22.8 - 28.2 0.0004 0.0006 

 

The results of the hazard quotient exercise indicate that exposure to TDCPP from camping tents 
may pose a risk of adverse health outcomes for children.  

It should be noted that for this approach, only the inhalation pathway was considered for adults 
and adult and adult works. For all scenarios, only the ingestion from hand-to-mouth contact and 
inhalation pathways were considered. TDCPP has been shown in the past to dermally absorb 
(Blum et al., 1978; Hughes et al., 2001). However, these absorption rates are not sufficiently 
characterized to include in modeling. Additionally, although the EPA considers hand-to-mouth 
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contact negligible for adults, this route of exposure may be more relevant in the conditions in 
which these products used. Often, access to hand washing facilities is limited or absent in 
camping situations.  Less frequent or ineffective hand washing may lead to flame retardants 
transfer, including TDCPP, from tent users hands being transferred to food, providing a potential 
route of exposure. 

There are also caveats to consider in estimating exposure for occupational workers. First, 
workers would not be handling tents or sleeping inside of tents in the manner in which the 
available exposure data was produced.  Occupational workers applying flame retardant 
chemicals or assembling tents would be potentially exposed from time working in a factory 
containing treated materials or a vast number of tents.  Additionally, the EPA Exposure Factors 
Handbook values used in these calculations were derived for a general US population, whereas 
overseas workers manufacturing tents spend a different length of time handling materials in a 
different way and may have different behavioral patterns than the general U.S. population.  
Though this model for calculating potential exposure thus may not be appropriate for tentmakers 
in foreign countries, we hoped to capture some sense of potential exposure for these workers, as 
they are experiencing the most time in direct contact with flame retardant treated textiles. 

Environmental Considerations in Flame Retardant Selection   

In addition to endpoints which can be quantitatively assessed, qualitative factors, such as flame 
retardant impact on the environment, also much be taken into account for comprehensive 
alternative selection.  Flame retardants are ubiquitous in the environment, and evidence suggests 
migration from products is a source of release into the environment during chemical production, 
use and end of life. Though camping tents are single, specific applications of flame retardants in 
a very large, global industry, considering the broader picture of the flame retardant market and 
the potential sources of emissions and release is important for making responsible chemical 
decisions.  

Research on environmental media has detected flame retardants, most extensively PBDEs, in air, 
water, sediment and biota in North America (Hale et al. 2003), Europe and Asia as well as in 
biological samples in the Arctic (Ikonomou et al., 2002; Möller et al. 2012) and the deep ocean 
(de Boer et al., 1998).  The sources of emissions of flame retardants into the environment are 
poorly understood.  However, research suggests environmental release may occur in all stages of 
the flame retardant life cycle, which includes initial synthesis, application in polymers or to 
finished products, during treated product use and as a result of ultimate disposal (EFRA, 2007).  

According to self-reported industry data available from the US EPA Toxic Release Inventory 
(TRI), approximately 912 tonnes of decaBDE were released from 148 US factories in 2001 (Hale 
et al. 2003).  Though DecaBDE was phased out of production in the US in 2013, this estimate of 
the release of in the US in 2001 provides a snapshot of the potential for high production volume 
flame retardants to enter the environment.   

Production statistics for flame retardants are difficult to acquire, but market research identifies 
the Asia-Pacific region as the largest geographic market for flame retardant chemicals (Market & 
Markets, 2014).  Evidence suggests OPFRs are present in air and water samples near 
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manufacturing regions in Asia suggesting emissions of may be occurring during compound 
production and use. For example, in 2015, Triphenyl phosphate (TPP) was detected in 95% of 
samples with a mean concentration of 88 ng L−1 in samples collected in the Tianjin watershed in 
Northern China (Kong et al. 2015).  Also in 2015, Lai et al. measured 9 OPFRs in airborne 
particles collected over the northern South China Sea.  Tris-(2-chloroethyl) phosphate (TCEP) 
was the most frequently and detected.  The cummulative concentration of dry particle bound 
deposition of the 9 flame retardants ranged from 8.2-27.8 ng/m2/day.  From these findings, Lai et 
al. determined the potential dry deposition of OPFRs into the South China Sea to have been 
approximately 4.98 tons in 2013 (Lai et al. 2015). Furthermore, evidence suggests flame 
retardants, including TCEP, TDCPP and TPP, are present in wastewater sludge in China at total 
concentrations up to 1312.9 mg/kg (Zeng et al., 2014).  Wastewater sludge is an indicator of how 
well wastewater treatment removes certain contaminants, and it also may be reused in 
agriculture, posing a new route for exposure. 

Though the above data cannot be quantified in this assessment framework, such information on 
potential release and impacts of flame retardants in the environment during chemical production 
and use should also be factored into comprehensive chemicals management decisions.  

Hazard Assessment 

Assessment Methodology 

The system of ranking alternatives on a two-dimensional decision matrix was accomplished by 
assigning each alternative with two separate scores: a Toxicity Score and a chemical Fate Score.   
Exposure data for flame retardants in camping tent applications was limited; therefore, we did 
not include chemical exposure in these decision criteria.   

Toxicity Score 

Human health hazard was the primary concern of this assessment due to the intended use of these 
products, and a concern voiced by several brands participating in this project.  Endpoints 
considered in this assessment were adopted from the US EPA DfE and include the following: 
carcinogenicity, genotoxicity, acute toxicity, reproductive toxicity, developmental toxicity, 
neurological toxicity, repeated dose toxicity, skin sensitization, eye irritation, and dermal 
irritation.  

Ecotoxicity potential was also considered via inclusion of chronic and acute aquatic toxicity 
endpoints.  Due to the limited amount of additional ecotoxicity data and a lack of data on 
exposure routes more relevant to the environment, discussion of ecotoxicity is limited. Endpoint 
definitions, as well as scoring criteria, can be found in Appendix A.   

We used the EPA DfE criteria (see Appendix A, Table 2) to assign each alternative one of the 
following scores for each endpoint: very low (VL), low (L), moderate (M), high (H), or very 
high (VH).  In order to quantitatively rank alternatives, we assigned a point value system based 
on the following scoring system: VL= 0, L=1, M=2, H=3, VH= 4.   
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Additional consideration was given to endpoints considered critical.  These critical endpoints 
included carcinogenicity, genotoxicity, acute toxicity, reproductive toxicity, developmental 
toxicity, and neurological toxicity.  Compounds that scored H or VH according to the EPA DfE 
scoring criteria (see Appendix A Table 2) for one or more of these endpoints it was eliminated 
from further consideration and not numerically scored.  Furthermore, to prevent regrettable 
substitutions, alternatives that did not have data available for these critical endpoints were 
eliminated from consideration until adequate data is available. Two chemicals were eliminated 
from further consideration by these means. A list of these chemicals and the reason for their 
elimination can be seen in tables 7 and 8 of the hazard assessment results section below.  

Penalty points are added to scores where data was considered unreliable or was absent both in 
key and non-key endpoints. If scores were VL, L or M for key endpoints, penalty points were 
applied. Unreliable data includes modeled data, data from in vitro studies only, data from studies 
were deemed unreliable by REACH or endpoints for which no data was available.  A half (0.5) 
point penalty was added to the base score for each endpoint to account for these data 
inadequacies.  In the total absence of data for a specific endpoint, a score of VH (4 point penalty) 
was assigned.  Once data is available, the alternative score should be updated. The sum of 
penalty points can be seen in the full hazard scoring below in table 6. 

The Toxicity Score is shown on the horizontal axis of the decision matrix.  The range for 
potential T scores of an alternative is 0-54 points, with lower point values being more favorable.   

Fate Score 

The Fate Score accounts for known persistence and bioaccumulation potential of each alternative 
for consideration of chemical fate and transport in the environment.  Definitions of these 
endpoints can be found in Appendix A.  

The EPA DfE criteria (see Appendix A Table 2) and same scoring system as used for the 
Toxicity Score was applied to these endpoints.  Penalty points are not included in the Fate Score, 
as modeled data is considered more reliable for these particular endpoints.  

The Fate Score is shown on the horizontal axis of the decision matrix.  The range for potential 
scores of an alternative is 0-8 points.   

Physical chemical properties, including vapor pressure, aqueous solubility and log KOW, can be 
valuable in making chemical application decisions.  However, this framework is intended to be 
user friendly.  Therefore, further investigation of physical chemical properties was considered to 
be outside the scope for this specific project at this time.  

Results 

The final assessment considers eleven flame retardant alternatives (see table 6).  Eleven 
alternatives were eliminated due to H, VH or no data for a critical endpoint (see table 7 and 8 
below). Alternatives considered in the final scoring assessment had Toxicity Scores ranging from 
15 to 23.5 and Fate Scores ranging from 3 to 7. As discussed above, the Toxicity Scores includes 
10 human health and 2 ecological health endpoints, which naturally weighted the scores to 
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prioritize human health.  The final results can be seen in the final decision matrix below.  A full 
list of each compound and  

Table 6: Compounds considered in final scoring after toxicity and environmental fate evaluation, 
and their respective human toxicity, aquatic toxicity, total toxicity (sum of human and aquatic 

toxicities), fate, and penalty point scores. 

Abbr. Chemical CAS Human 
Toxicity 

Aquatic 
Toxicity 

Toxicity 
Score 

Fate 
Score 

Penalty 
Points 

AHO Aluminum hydroxide 21645-51-2; 
8064-00-4 11.5 5 16.5 4 2.5 

APP Ammonium polyphosphate 68333-79-9; 
14728-39-3 12 3 15 5 4 

ATO Antimony trioxide (Diantimony 
trioxide) 1309-64-4 17.5 5 22.5 4 1.5 

BAPP Bisphenol A diphosphate 181028-79-5 13 2 15 6 2 

CDP Cresyl diphenyl phosphate 26444-49-5 15.5 8 23.5 3 0.5 

DEPA Aluminum diethylphosphinate 
(Diethylphosphinic acid) 225789-38-8 13 4 17 4 2 

MC Melamine Cyanurate 37640-57-6 20.5 3 23.5 5 5.5 

PPh Polyphosphonate 68664-06-2 14.5 3 17.5 5 5.5 

TBB 2-ethylhexyl-2,3,4,5-
tetrabromobenzoate 183658-27-7 21 3 24 6 6 

TBPH Bis(2-ethylhexyl) 
tetrabromophthalate 26040-51-7 18.5 3 21.5 6 3.5 

TPP Triphenyl phosphate 115-86-6 12.5 8 20.5 3 0.5 

Table 7: Compounds eliminated from final scoring due to H/VH toxicity in critical endpoints 

Abbr. Chemical CAS 
Penal

ty 
Points 

Failures 

DBDPE 1,2-Bis(pentabromophenyl) ethane 84852-53-9 2 Developmental Toxicity (H*) 

IPTPP Isopropylphenyl phosphate 68937-41-7 1.5 
Reproductive Toxicity (H) 

Developmental Toxicity (H*) 
Neurological Toxicity (H*) 

N-alks N-alkoxy hindered amine reaction 
products 191680-81-6 3 Reproductive Toxicity (H*) 

Developmental Toxicity (H*) 
TBBPA Tetrabromobisphenol A 79-94-7 0 Reproductive Toxicity (H) 

TCEP Tris(2-chloroethyl) phosphate 115-96-8 0.5 
Acute Toxicity (H) 
Carcinogenicity (H) 

Developmental Toxicity (H) 

TCPP Tris(2-chloro-1-methylethyl) ester 13674-84-5;  
6145-73-9 1.5 Reproductive Toxicity (H) 

Developmental Toxicity (H) 
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TDCPP Tris(1,3-dichloro-2-propyl)phosphate 13674-87-8 0 Carcinogenicity (H) 
Reproductive Toxicity (H) 

TTBP Tris(tribromoneopentyl)phosphate 19186-97-1 4.5 Neurological Toxicity (H*) 

V6 2,2-Bis(chloromethyl)trimethylene 
bis[bis(2-chloroethyl) phosphate] 38051-10-4 1 Developmental Toxicity (H) 

 

Table 8: Compounds that were eliminated from final scoring due to no data in a critical endpoint  

Abbr. Chemical CAS Critical Failure 
TBOEP Tris (2-butoxyethyl) phosphate 78-51-3 Carcinogenicity (no data) 

TBPH Bis(2-ethylhexyl) tetrabromophthalate 26040-51-7 Carcinogenicity (no data), 
Reproductive Toxicity (no data) 

 

 Toxicity 

 
 

  14   15   16   17   18   19   20   21   22   23   24 
1                                           
2                                           
3                       CDP   TPP           CDP   

4           AHO DEPA                     ATO       
5     APP         PPh                       MC   
6     BAPP                         TBPH           
7                                         TBB 
8                                           

 

Conclusions 

The green range of the decision matrix represents where compounds with the most favorable 
toxicological and fate profiles would fall.   As no flame retardant chemicals scored in the green 
range, we currently recommend flame retardants in the yellow range, which are considered to 
have a somewhat favorable profile, for use in camping tents. Those with somewhat favorable 
profiles are AHO (Aluminum hydroxide), DEPA (Aluminum diethylphosphinate), APP 
(Ammonium polyphosphate), BAPP (Bisphenol A diphosphate), and PPh (Polyphosphonate).  
We currently do not recommend use of chemicals in the orange or red range for use due to high 
potential hazard scores.   

These scores may not represent the true hazard associated with compounds due to the poor 
quality data or complete lack of data for some endpoints.  We applied penalty points as an 
attempt to conservatively account for data gaps as using chemicals that are not fully understood 
may lead to regrettable substitutions of one hazardous substance for another. This penalty point 
strategy may have unfairly scored certain chemicals that are not well studied.  For example, MC 
and PPh were awarded 5.5 penalty points due to lack of data.  Without these points, MC would 
have moved from red to orange, and PPh would move from yellow to green. Therefore, we 
recommend updating compound scores as new toxicity data becomes available to fill gaps.  
Additionally, compounds that did not have data for a key endpoint were eliminated from 
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consideration in order to be as conservative as possible.  Once data is available for these 
alternatives and when other novel flame retardant alternatives emerge into the market, all should 
be scored using the same framework.  Applying more comprehensive data will provide a more 
accurate picture of the potential hazards associated with each alternative.  

As mentioned previously, the list of compounds included in the risk matrix includes only a small 
proportion of all flame retardant chemicals on the market. The biggest hurdle to including many 
of the flame retardants available on the market in this analysis was the proprietary nature of 
many of these chemicals and commercial mixtures.  We do not endorse the use of chemicals 
without transparent information.  In lieu of the constraints proprietary information can incur on 
successfully understanding chemical products, third party resources may be useful in enhancing 
brand chemical management strategies. Two third party certifications organizations, bluesign and 
Oeko Tex, that have set forth a framework for determining acceptable flame retardant 
chemistries and have developed lists of approved flame retardant products.  However, due to lack 
of transparency in these organizations decision criteria, we do not endorse these chemicals in this 
assessment.  

The compounds that were eliminated from the assessment due to High or Very High scores in 
critical endpoints from reliable data, listed above in table 7, should be added to industry 
Restricted Substances Lists (RSLs). RSLs typically list substances for which a usage ban is 
defined. Such usage bans indicate that listed substances should not intentionally be used during 
manufacture and/or present in finished products and carry appropriate limit values.  A brand or 
industry RSL is useful for communicating chemical expectations to manufacturers. Having 
manufacturers of products sign an RSL agreement and provide proof of compliance may help 
provide some degree of chemical management assurance. Additionally, brands should request up 
to date information such as the names and locations of the flame retardant chemical manufacturer 
and textile finisher and appropriate, up to date flame retardant chemical material safety data 
sheets (MSDS).   

MSDSs should include the following information: name, CAS registry number, manufacturer, 
supplier, hazardous ingredients, physical data, reactivity data, toxicological properties (potential 
health effects), first aid measures, chemical preparation and storage information and date of 
MSDS. If suppliers cannot provide documentation that contains satisfactory information to verify 
that the chemical is appropriate and safe for use, brands should nominate use of another product 
or seek additional documentation. When possible, further research effort should be made to 
consider potential impurities that may exist in chemicals nominated for use as some commercial 
flame retardant mixtures have been shown to have significant impurities of regulated compounds 
such as TCEP (Fang et al., 2013).  To this end, brands may require pre-contracting test results 
indicating chemical identity and purity before entering into purchasing agreements with 
manufacturers.  

In terms of environmental fate, the only endpoints considered were persistence and 
bioaccumulation. Although these determinations are based on the physical chemical properties of 
the chemicals included, they do not encompass all potential concerns, including long-range 
transport, biomagnification, removal in wastewater treatment and others. Additionally, the above 
matrix conveys no information about exposure, usage rates or efficacy of these flame retardants 
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or possible antagonisms, additivities or synergies that could occur when compounds are used in 
mixtures.  

Ultimately, this document is only a partial assessment of select alternatives.  EPA DfE defines 
preferable alternatives as those with low human health hazard, low ecotoxicity, low persistence, 
low bioaccumulation potential and low exposure potential with additional thought given to social 
impacts, performance and economics of alternatives (USEPA, 2014).  To make informed 
chemical decisions regarding flame retardants in camping tents, factors including exposure, 
social aspects and performance still need to be considered.  

When designing products for children, we suggest selecting chemicals with the lowest toxicity 
score possible, as children have been identified as potentially at risk for higher exposure and 
particularly sensitive to exposure to flame retardants.  Worker exposure is another poorly 
understood factor of flame retardant use.  The individuals making flame retardant treated textiles, 
assembling tents or handling products during shipment and retail must also be considered.  These 
social aspects should be considered during fair labor audits.  

Lastly, due to the lack of publicly available information on flame retardant chemical cost, 
availability, efficacy and the loading rate required of achieve desired flame retardancy, we 
recommend brands ask manufacturers and suppliers to provide more clarity before making 
decisions.  Innovative products and processes for applying flame retardants are exciting options 
to reexamine in the future.  Nanoparticles are being touted as environmentally friendlier 
alternatives to current flame retardants used in textiles.  Inherently flame resistant materials, such 
as Nomex and Kevlar, are capable of achieving flammability standard compliance without 
addition of flame retardant chemicals.  Unfortunately, these options are currently expensive or 
not yet commercially available.  New blended materials may become available in the future.  
Finally, processes of application such as layer by layer (LBL), UV curing or plasma finishing 
may reduce chemical leaching and thus reduce exposure.  

In the current manufacturing and retailing environment, flame retardant chemicals will continue 
to be applied to camping tents in order to comply with CPAI-84. As long at chemical flame 
retardants are being applied to tents, brands should be proactive in acquiring comprehensive 
information for all chemical applications to the products bearing their brand name and use 
available information to select the safest, most well-understood chemistries. These choices 
should be made to reduce any potentially harmful consumer exposures. Furthermore, brands 
should be transparent with their customers regarding their RSLs and provide guidance about how 
to avoid or mitigate exposure from their products. For example, brands could advocate 
handwashing after tent set up and the use of built-in vents to keep air circulating.  Armed with 
this information, we hope brands in the outdoor industry are more prepared to take a strong 
stance on flame retardant chemicals in their products.  
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Appendix A 

Table 1: Definition of Endpoints (US EPA, 2014). 

Human Health 
Effects 

Acute Mammalian 
Toxicity 

Adverse effects occurring following oral or dermal 
administration of a single dose of a substance, or multiple 
doses given within 24 hours, or an inhalation exposure of 4 
hours. 

Carcinogenicity Capability of a substance to increase the incidence of 
malignant neoplasms, reduce their latency, or increase their 
severity or multiplicity. 

Mutagenicity/ 
Genotoxicity 

Mutagenicity - The ability of an agent to induce permanent, 
transmissible changes in the amount, chemical properties or 
structure of the genetic material. These changes may involve 
a single gene or gene segment, a block of genes, parts of 
chromosomes, or whole chromosomes. Mutagenicity differs 
from genotoxicity in that the change in the former case is 
transmissible to subsequent cell generations. 
Genotoxicity – The ability of an agent or process to alter the 
structure, information content, or segregation of DNA, 
including those which cause DNA damage by interfering 
with normal replication process, or which in a non- 
physiological manner (temporarily) alter its replication. 

Reproductive 
Toxicity 

The occurrence of biologically adverse effects on the 
reproductive systems of females or males that may result 
from exposure to environmental agents. The toxicity may be 
expressed as alterations to the female or male reproductive 
organs, the related endocrine system, or pregnancy 
outcomes. The manifestation of such toxicity may include, 
but is not limited to: adverse effects on onset of puberty, 
gamete production and transport, reproductive cycle 
normality, sexual behavior, fertility, gestation, parturition, 
lactation, developmental toxicity, premature reproductive 
senescence or modifications in other functions that were 
dependent on the integrity of the reproductive systems. 

Developmental 
Toxicity 

Adverse effects in the developing organism that may result 
from exposure prior to conception (either parent), during 
prenatal development, or postnatally to the time of sexual 
maturation. Adverse developmental effects may be detected 
at any point in the lifespan of the organism. The major 
manifestations of developmental toxicity include: (1) death 
of the developing organism, (2) structural abnormality, (3) 
altered growth, and (4) functional deficiency. 

Neurotoxicity An adverse change in the structure or function of the central 
and/or peripheral nervous system following exposure to a 
chemical, physical or biological agent. 

Repeated Dose 
Toxicity 

Adverse effects (immediate or delayed) that impair normal 
physiological function (reversible and irreversible) of 
specific target organs or biological systems following 
repeated exposure to a chemical substance by any route 
relevant to humans. Adverse effects include biologically 
significant changes in body and organ weights, changes that 
affect the function or morphology of tissues and organs 
(gross and microscopic), mortality, and changes in 
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biochemistry, urinalysis, and hematology parameters that are 
relevant for human health; may also include immunological 
and neurological effects. 

Respiratory 
Sensitization 

Hypersensitivity of the airways following inhalation of a 
substance. 

Skin Sensitization A cell-mediated or antibody-mediated allergic response 
characterized by the presence of inflammation that may 
result in cell death, following an initial induction exposure to 
the same chemical substance, i.e., skin allergy. 

Eye 
Irritation/Corrosivity 

Irritation or corrosion to the eye following the application of 
a test substance. 

Skin 
Irritation/Corrosion 
 

Skin irritation- reversible damage to the skin following the 
application of a test substance for up to 4 hours. Skin 
corrosion- irreversible damage to the skin namely, visible 
necrosis through the epidermis and into the dermis following 
the application of a test substance for up to 4 hours. 

Environmental 
Toxicity 

Environmental toxicity refers to adverse effects observed in living organisms that 
typically inhabit the wild; the assessment is focused on effects in three groups of 
surrogate aquatic organisms (freshwater fish, invertebrates, and algae). 
 
Aquatic Toxicity 
(Acute) 

The property of a substance to be injurious to an organism in 
a short-term, aquatic exposure to that substance. 

Aquatic Toxicity 
(Chronic) 

The property of a substance to cause adverse effects to 
aquatic organisms during aquatic exposures which were 
determined in relation to the life-cycle of the organism. 

Environmental 
Fate 

Environmental 
Persistence 

The length of time the chemical exists in the environment, 
expressed as a half-life, before it is destroyed (i.e., 
transformed) by natural or chemical processes. For 
alternative assessments, the amount of time for complete 
assimilation (ultimate removal) is preferred over the initial 
step in the transformation (primary removal). 

Bioaccumulation The process in which a chemical substance is absorbed in an 
organism by all routes of exposure as occurs in the natural 
environment, e.g., dietary and ambient environment sources. 
Bioaccumulation is the net result of competing processes of 
chemical uptake into the organism at the respiratory surface 
and from the diet and chemical elimination from the 
organism including respiratory exchange, fecal egestion, 
metabolic biotransformation of the parent compound and 
growth dilution. 
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Table 2: US EPA Design for the Environment Criteria for assigning hazard designations (US EPA, 
2014). 
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Appendix B: Glossary of Terms  

Alternative: chemical flame retardants that can be applied to polyester textiles via back-coating 
in a polyurethane matrix  

Brand: a firm designing and nominating manufacture of camping tents. Brands in this study do 
not manufacture their own tents. 

Endocrine disruptor: Chemicals, or chemical mixtures, that interfere with normal hormone 
action (OECD, 2001). 

Hazard: “Inherent property of an agent or situation having the potential to cause adverse effects 
when an organism, system or (sub) population is exposed to that agent” (OECD, 2003). Hazard 
does not encompass exposure potential. 

Long-range transport: Long-range transport of air pollutants (LRTAP) refers to the 
atmospheric transport of air pollutants within a moving air mass for a distance greater than 100 
kilometers (IPCS, 2002).  

Manufacturer: a firm using brand blueprints and specifications to product a camping tent. A 
first tier manufacturer interfaces with the brand and, likely, subcontracts out the components of a 
tent, including textile, trims, and chemicals.  

Mutagenic: The ability of an agent to induce permanent, transmissible changes in the amount, 
chemical properties or structure of the genetic material. These changes may involve a single gene 
or gene segment, a block of genes, parts of chromosomes, or whole chromosomes. Mutagenicity 
differs from genotoxicity in that the change in the former case is transmissible to subsequent cell 
generations (US EPA, 2014). 

PBT: Persistent, bioaccumulative and toxic substances (PBTs) are a class of compounds that 
have high resistance to degradation from abiotic and biotic factors, high mobility in the 
environment and high toxicity (Stockholm Convention, 2004).  

Reference Dose: “An estimate of the daily exposure dose that is likely to be without deleterious 
effect even if continued exposure occurs over a lifetime (OECD, 2003). 

Risk: “The probability of an adverse effect in an organism, system or (sub) population caused 
under specified circumstances by exposure to an agent.” (OECD, 2003). 

Toxicity: “Inherent property of an agent to cause an adverse biological effect (OEDC, 2003).  
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Appendix C: Exposure Scenarios 

 

Table A: 21-31 Year Old Camper: Inhalation 

FEMALE 

Compound Conc. (ng/m3) Air Intake (m3/hr) Time in Tent 
(hrs/day) 

Weight (kg) Dose (ng/kg/d) 

TCEP 1500 0.252 8 67.8 44.6 

TDCPP 78.4 0.252 8 67.8 2.33 

TCPP 117 0.252 8 67.8 3.48 

TPP 53.6 0.252 8 67.8 1.59 

MALE 

Compound Conc. (ng/m3) Air Intake (m3/hr) Time in Tent 
(hrs/day) 

Weight 
(kg) 

Dose (ng/kg/d) 

TCEP 1500 0.252 8 80.1 37.8 

TDCPP 78.4 0.252 8 80.1 1.97 

TCPP 117 0.252 8 80.1 2.95 

TPP 53.6 0.252 8 80.1 1.35 

 

Table B: 21-31 Year Old Worker: Inhalation 

FEMALE 

Compound Conc. (ng/m3) Air Intake (m3/hr) Time in Tent 
(hrs/day) 

Weight (kg) Dose (ng/kg/d) 

TCEP 1499.9225 0.2520 12 67.8 66.9 

TDCPP 78.4019 0.2520 12 67.8 3.50 

TCPP 117.0077 0.2520 12 67.8 5.22 

TPP 53.5650 0.2520 12 67.8 2.39 

MALE 

Compound Conc. (ng/m3) Air Intake (m3/hr) Time in Tent 
(hrs/day) 

Weight (kg) Dose (ng/kg/d) 
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TCEP 1499.9225 0.2520 12 80.1 56.7 

TDCPP 78.4019 0.2520 12 80.1 2.96 

TCPP 117.0077 0.2520 12 80.1 4.42 

TPP 53.5650 0.2520 12 80.1 2.02 

 

Table C: One-Year-Old Child: Inhalation 

FEMALE 

Compound Conc. (ng/m3) Air Intake (m3/hr) Time in Tent 
(hrs/day) 

Weight 
(kg) 

Dose (ug/kg/d) 

TCEP 1500 0.186 8 10.8 208 

TDCPP 78.4 0.186 8 10.8 10.9 

TCPP 117 0.186 8 10.8 16.2 

TPP 53.6 0.186 8 10.8 7.41 

MALE 

Compound Conc. (ng/m3) Air Intake (m3/hr) Time in Tent 
(hrs/day) 

Weight 
(kg) 

Dose (ug/kg/d) 

TCEP 1500 0.186 8 11.3 197 

TDCPP 78.4 0.186 8 11.3 10.3 

TCPP 117 0.186 8 11.3 15.4 

TPP 53.6 0.186 8 11.3 7.03 

 

Table D: One-Year-Old Child: Hand-to-Mouth 

FEMALE 

Compound Weight 
(kg) 

Height 
(cm) 

Handwipe 
(ng) 

Surface Area 
(cm2) 

SA Ratio 
(Child/Adult) 

Ederm Ederm 
(ng/kg/day) 

TCEP 10.8 80.2 344 393 0.459 447000 41600 

TDCPP 10.8 80.2 1260 393 0.459 1640000 152000 

TCPP 10.8 80.2 128 393 0.459 166000 15500 

TPP 10.8 80.2 413 393 0.459 536000 49900 
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MALE 

Compound Weight 
(kg) 

Height 
(cm) 

Handwipe 
(ng) 

Surface Area 
(cm2) 

SA Ratio 
(Child/Adult) 

Ederm Ederm 
(ng/kg/day) 

TCEP 11.3 81 344 396 0.387 380000 33500 

TDCPP 11.3 81 1260 396 0.387 1390000 123000 

TCPP 11.3 81 128 396 0.387 141000 12500 

TPP 11.3 81 413 396 0.387 456000 40200 

 
 


