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41 BLEEUKLEMHSO) VBT XTIVERFIBEEO L

MEE HNEE FNE(%) ATERE KikEuym’h)

g

a TV TPP 60°C  0.496ug/unit*h S.Kemmlein et al (2003)
BiLE S
HIPS#R TPP 5% 60°C 0.05 AR
REEH TCPP 9% 25°C 28 S.Kemmlein et al (2003)
BH  gmmsam  TCPP 2% 25°C 50 S.Kemmlein et al (2003)
BEAK TCPP 5% 25°C 59.6 I
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B () 1% 3% 5% 10% 20%
BihE PVC 100 100 100 100 100
GES DINP 48 43 38 26 1
B IRHF TCPP 2 7 12 24 49
FetEH CaCO, 70 70 70 70 70
a5l 4 4 4 4 4
ZEH 3 3 3 3 3
AL 2 2 2 2
FR 15 15 15 15 15
Giasa) 4 4 4 4 10
SHER/N 248 248 248 248 254
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%43 TCPP OMEEAERE (ug/m’h n=5, 25°C)

R (W) 2o mgE N
1% 2623 293 11.2
3% 452.6 60.6 13.4
5% 644.8 94.2 14.6
10% 1119.1 116.3 10.4
20% 2166.8 146.3 6.8

%44 VOC. JHANBIZAFIL, ) VBT RAFILOESEEI RILF—OLHEK

ME % EHE T RILE—
(KJ/mol)

Ethylbenzene 81.6

VOCs m,p-xylene 63.7

styrene 66.0
— DiBP 37
TRIBIRATIL DEP 7

JoBRTATIVERIRA]  TCPP 18.8
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% 4-5 BEEIC TCPP ML YA LU RVEREAERT—4

F—5
HINZEBFETDOWTP $687.65
HUDIEFRTWTP $68.95

BRAOEFEREF) 56%

% 4-6 BEARIC TCPPAMICE YA URIEHE

TCPPEME HUoBHEH RUEH £FEEH JVRVGBFL)

1% 78 34 44 26,608
3% 205 90 115 69,931
5% 312 137 175 106,432
10% 1100 484 616 375,309
20% 2129 937 1192 726,323
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% 4.7 ERRIZ TCPP FmIc& Y ERMBMHYRIERE

TCPPiRMNE BEY YRI(BEII)
1% 0 0
3% 0 0
5% 0 0
10% 2203 151,759
20% 7342 505,864

% 4-8 KKYRVEMBORHET—4

- T4 Hi gt ‘ AU
KKIZEBFETWTP $3005 NIST(1988) $479.275 (2004)
KKIZKBEHWTP $3.58 NIST(1998) $4.275 (2004)
KK L-YVIEEHE $3.465 EBF B & (2005)
£MAO 14686000
N HEH-YB LA 2.3 SH 5 12 (2005)
KKIZEHBEBERRELN 3.8 BE R bR R E 8 (2002)
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Chaptor 4

2% 4-9 BEMEIC TCPP FMNIZ & Y KKIETY XY DIER

TCPPAME B EABEGS) EEM(A) RURER(N) BHROSHBE(BEL)

1% / / s /
3% / / / /
5% / s / /
10% 16 13640 2727 1306563
20% 9 13163 3204 1535218

# 4-10 EERIZ TCPP FMOIZ & Y KKABY XU DIEH

TCPPRME BLAEERN) YROHIB(BEIL)
1% / /
3% / /
5% / /
10% 10361 42051
20% 12174 ” 49410
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#4-11 EHRIC TCPP FmIC & Y MERRK Y R DIEM

TCPPEME D NS A2 (1) YR ER (FRIL)

1% 7 7

3% Ve 7/
5% 7 /
10% 43924 151735
20% 51612 178293
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Abstract

Flame retardants are used in polymers to reduce the flammability of building materials, electric appliances, fabric and papers.
In recent years, organophosphate flame retardants have been used as substitutes for polybrominated flame retardants (BFRs).
In Japan, the amount of organophosphate flame retardants used in 2001 was about five times more than in 2000. Recently,
several studies have shown the health concerns for some organophosphate flame retardants. Little research has been performed
on the emission of organophosphate flame retardants, especially the relationship between content and emissions. In this study, a
new type of passive sampler was developed to measure emissions of organophosphate flame retardants from plastic materials.
With this sampler, emissions from polyvinyl chloride wallpaper samples with different content of tris(2-chloroisopropyl)pho-
sphate (TCPP) at different temperatures were examined. The observed maximum emissions of TCPP from 1, 3, 5, 10 and 20 w/
w% content wallpaper materials were 262.3, 452.6, 644.8, 1119.1 and 2166.8 uygm~2h™", respectively. Emissions from 5%
TCPP content materials at 40 and 60°C were 1135.7 and 2841.2 ugm™~2h™!, respectively. A significantly positive correlation
between the flux of TCPP and the TCPP content of the wallpaper samples was observed. A linear relationship was found
between the inverse of temperature and the logarithm of TCPP emission. The results imply that the use of materials with a high
organophosphate flame retardant content can lead to high emission rates in high-temperature indoor environments.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Organophosphate flame retardants; Passive flux sampler; Wallpaper, TCPP

1. Introduction EC, 2003). In recent years, organophosphate flame

retardants were used as substitutes for BFRs. In

In 2000, worldwide usage of flame retardants was
estimated at 1.08 million tons of which 23% were
organophosphate flame retardants (Nishizawa,
2003). Polybrominated diphenyl ether (PBDE) and
polybrominated biphenyls (PBB) are the most
frequently used types of polybrominated flame
retardants (BFRs) and will be regulated by the
executive branch of EU in 2006 (Directive 2002/95/

*Corresponding author. Tel./fax: +81471364712.
E-mail address: yueyong.ni@yy.t.u-tokyo.ac.jp (Y. Ni).
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Japan, the consumption of organophosphate flame
retardants in 2001 was 22,000 tons, about five times
that of 2000 (Japan Chemical Daily, 2002). Orga-
nophosphate flame retardants are additives (o
polymeric materials that typically constitute
1-30% of the composition with an average of
5-15% (Hartmann et al., 2004). Reducing the risk
of fire is the main advantage of using organopho-
sphate flame retardants. However, there are possible
health risks from the toxicity of organophosphate
flame retardants. Tris(2-chloroethyl)phosphate




(TCEP) and tris(1,3-dichloro-2-propyl) phosphate
(TDCPP) are carcinogenic for animals, and tris(2-
chloroisopropyl)phosphate (TCPP) and tris(2-bu-
toxyethyl) phosphate (TBEP) are possible carcino-
gens (WHO, 1998). Triphenyl phosphate (TPP) and
trisbutyl phosphate (TBP) are associated with
delayed neurotoxicity (WHO, 1991a, b).

Many organophosphate flame retardants have been
detected in indoor air (Carlsson et al., 2000; Saito et al.,
2001; Hartmann et al., 2004) and house dust (Mark-
lund and Andersson, 2003; Kawahara and Yanagisa-
wa, 2003). TCPP is also found in surface water (An-
dresen et al., 2004). TCPP and TCEP were the most
predominantly detected organophosphate flame retar-
dants in indoor air in Japan, the observed maximum
indoor concentration of TCPP was higher than 10
pgm™> in Tokyo residence (Saito et al., 2001). Few
studies have been performed on the emission of orga-
nophosphate flame retardants, especially the relation-
ship between organophosphate flame retardant content
and emission. In this study, a passive flux sampler was
developed to determine the emission sources and
evaluate the amounts of emission directly from the
sources. Furthermore, the sampler was applied to
establish the relationship between TCPP content and
emission rate from wallpaper samples. Diffusion length
dependence and temperature dependence of TCPP
from the wallpaper samples were also evaluated.

2. Methods and materials
2.1. Design of the passive flux sampler

A passive sampler for organophosphate flame
retardants (PFS-OFR) was developed in this study.
The structure of the passive sampler is shown in
Fig. 1. The PFS-OFR consisted of a circular glass
plate (internal J47mm, height Smm) and an
Empore C18FF adsorbent disk (47 mm, thick-
ness 0.5mm; 3M Inc., USA).

The principle of the passive flux sampler has been
described in Kumagai et al. (2002), Shinohara et al.

— Glass Platc
S+ Empore C18FF

Fig. 1. Structure of PFS-OFR.
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(2003) and Fujii et al. (2003). Assuming the
organophosphate flame retardant diffuses only by
molecular diffusion, the flux of organophosphate
flame retardants from plastic material surface can
be determined by Fick’s law

C-G

=D
J A

)

where J (kgm™2s7') is the flux of the target
organophosphate flame retardant; D (m™?s™") is the
diffusion coefficient in the air; C; (kgm™>) and G,
(kgm™>) are the surface gas phase concentrations at
the emission source and adsorbent, respectively; and L
(m) is the diffusion length of the sampler. In this study,
the diffusion length was set at 4.5 mm. The maximum
emission rates from plastics materials were determined.

2.2. Analysis

The organophosphate flame retardants adsorbed by
the Empore C18FF disk were ultrasonically extracted
(W-113 MK-2, Honda Electronics Co. Ltd., Japan)
for 30min in 3 ml acetone (HPLC grade, Wako Pure
Chemicals Co. Ltd., Japan). The organophosphate
flame retardants were determined by a gas chromato-
graphy- flame photometric detection (GC-FPD,
HP6890, Hewlett-Packard, USA) equipped with an
HP-1 column (30m x 0.25mm id., 0.32um film
thickness). The column was maintained at 70 °C for
2.0min and then increased at 8.5°C min~" to 290°C
where it was maintained for 3min. The injection
temperature was maintained at 250°C. An auto-
sampler HP-7683 was used for sample injection. The
injection volume was 3.0pul and the pulsed-splitless
injection mode was used. Helium was used as the
carrier gas (20mlmin~', constant flow mode). The
hydrogen and air flow were 90 and 100mlmin~"',
respectively. The 10 organophosphate flame retardant
compounds studied—(trimethyl phosphate (TMP),
triethylphosphate (TEP), TCEP, tris(2-ethylhexyl)
phosphate (TEHP), TDCPP, tricresyl phosphate
(TCP), TCPP, TBP, TBEP and TPP)—were pur-
chased from Wako Pure Chemicals Inc.

2.3. Sample materials

The wallpaper samples with different TCPP
content (1%, 3%, 5%, 10%, 20%, by weight) were
donated by Kanto Leather Ltd., Japan. The main
components of the wallpaper sample were polyvinyl
chloride (PVC) and CaCOs;, 40% and 28%,




respectively. All experiments started immediately
after delivery of the wallpaper samples.

2.4. Quality assurance and quality control

Five Empore CI8FF disks were examined to
investigate the limit of detection (LOD). To determine
the recovery rate of the disks, 0.1 ml acetone solution
containing 10 pgmi~" of each of the 10 organopho-
sphate flame retardant compounds was spiked on an
Empore CI8FF disk with a micro syringe. It was then
placed in a desiccator for 60min to remove the
solvent. Each disk was analyzed as described above.
Repeatability of the PFS-OFR was evaluated by
measuring emissions from a wallpaper sample with
5% TCPP content at 25°C. Fluxes of TCPP were
measured five times at the same point (changing
samplers every 2h); simultaneous sampling was also
carried out at five different points on the same
wallpaper sample for 2h.

2.5. Diffusion length dependence and temperature
dependence

To evaluate the diffusion length dependence of
the PFS-OFR, TCPP emissions at 25°C from the
5% content wallpaper sample were determined
using glass plates of different depths. The diffusion
layer thicknesses were 1.5, 4.5, 9.5 and 14.5mm.
Sampling was carried out for 2 h when the diffusion
length was 1.5 or 4.5mm, and for 6h while the
diffusion lengths were 9.5 or 14.5mm. Emissions of
TCPP from the wallpaper sample with 5% TCPP
content was also measured at 40 and 60 °C using the
PFS-OFR with a 4.5mm diffusion length. Tem-
perature was controlled with an incubator (DX 300,
Yamato Kagaku Co. Ltd., Japan).

2.6. TCPP emissions from wallpaper samples

To investigate the relationship between TCPP
content and emission rate, the fluxes of TCPP at
25°C from wallpaper samples with different TCPP
contents (1%, 3%, 5%, 10%, 20%, by weight) were
measured.

3. Results and discussion

3.1. Quality assurance and quality control

No organophosphate flame retardant was de-
tected in any of the medium blanks. The LOD and

limits of quantification (LOQ) were defined as
signal/noise ratios of three and ten, respectively.
LOD and LOQ were 15-30 and 50-100 ngdisk ™",
respectively. Except for TMP (78.4%), the recovery
rates of all the organophosphate flame retardants
were in the range 85-105%. The relative standard
deviation (RSD) for the five repeated determina-
tions at the same point was 4.6%, while for
simultaneous sampling at five different points it
was 14.6%. It suggests that repeatability of the PFS-
OFR should be influenced predominantly by
inhomogeneity of materials. This result can be
explained by the fact that the sampling area of the
PFS-OFR is significantly smaller than that of other
methods; for example, emission chambers. Overall,
the PFS-OFR can be used reliably to determine the
flux of organophosphate flame retardants from
materials. However, multi-point sampling should
be required to avoid the potential influence of
inhomogeneity of materials.

3.2. Diffusion length dependence and temperature
dependence

By studying the relationship between flux and
1/diffusion length, the determining step of organo-
phosphate flame retardants emission could be
distinguished. In theory, if the flux of organopho-
sphate flame retardants depends on diffusion in the
boundary layer (external diffusion), the flux will
vary according to diffusion length, and the relation-
ship between flux and 1/diffusion length should be
linear (Eq. (1)). However, if organophosphate flame
retardant flux depends on diffusion, reaction,
adsorption or desorption in the wallpaper sample
(internal diffusion), the maximum emission rate
would be determined. Flux would not change with
diffusion length. As shown in Fig. 2, the diffusion
length dependence of TCPP flux from wallpaper
sample can be described as a linear relationship, and
flux varied according to diffusion length. This
suggests that the sampling rate of TCPP from
wallpaper depends predominantly on external
diffusion. Recent research also showed that the
emission rate of di-2-ethylhexyl phthalate (DEHP)
from vinyl flooring in a small chamber is controlled
by external phenomena such as the convective mass
transfer coefficient and sorption to interior surfaces
(Xu and Little, 2006). This implies that there are the
same emission mechanisms of some semi-volatile
organic compounds (SVOCs) in plastic materials.
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Fig. 2. Diffusion length dependence.
Table 1

Temperature dependence of TCPP emission

Temperature (°C) Emission (ugm~?h~")

25 644.8
40 1135.7
60 2841.2

The results of the temperature dependence
experiment are presented in Table 1. The experi-
mental temperatures were set at normal room
temperature (25°C), maximum room temperature
in Japanese residences without air conditioning
(40°C) and the interior temperature of a car left
under the sun in summer (60°C). The flux from
wallpaper material at 40 °C was 1135.7pgm™2h~",
about two times higher than that at 25 °C. At 60 °C,
it was 2841.2pugm 2h~', about 4.5 times higher
than that at 25°C. This result implies that the risks
of organophosphate flame retardant exposure are
greater in high-temperature environments. An Ar-
rthenius plot of TCPP from wallpaper samples is
shown in Fig. 3. A linear relationship was found
between 1/temperature and the logarithm of TCPP
emission. The activation energy of TCPP calculated
by the slope of the Arrhenius plot was
18.8kJmol™'. The activation energy of TCPP was
compared with some volatile organic chemicals
(VOCs) and phthalate esters (Fujii et al., 2003,
2004). The result is shown in Table 2. The activation
energy levels of TCPP and some phthalate esters,
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Fig. 3. The relationship between TCPP flux and temperature.

Table 2
Comparison of activation energy of TCPP to those of VOCs and
phthalate esters

Compounds Activation energy of
emission (kJ mol™")

VOCs

Ethylbenzene 81.6

m,p-Xylene 63.7

Styrene 66.0
Phthalate esters

DBP 90

DiBP 37

DEP 17

Organophosphate flame retardants
TCPP 18.8

such as diethyl phthalate (DEP), are similar. This is
not a surprising result, because organophosphate
flame retardants have similar boiling points and
saturated vapor pressures as phthalate esters, but
different from the corresponding properties of
VOCs.

3.3. TCPP emissions from wallpaper samples

The fluxes of TCPP were measured at 25 °C from
different TCPP content wallpaper samples. The
results are presented in Table 3 and Fig. 4. There is
a significant positive correlation between the fluxes
of TCPP and TCPP contents in wallpaper materials
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Table 3
Fluxes of TCPP from wallpaper materials of different content (25°C, pgm™h™Y
Content {(w/w%) Measurement number Mean SD RSD (%)
i 2 3 5
i 2738 248.1 259.3 220.7 309.4 262.3 293 11.2
3 467.3 410.6 564.3 397.3 423.5 452.6 60.6 134
5 661.1 724.9 559.0 516.5 762.7 644.8 94.2 14.6
10 12349 10113 989.1 1275.6 1084.8 1119.1 116.3 10.4
20 2211.0 1984.6 23447 22873 2006.4 2166.8 146.3 6.8
3000 800 ¢~
spcarman o~
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Fig. 4. The relationship between TCPP contents and emissions.

(Spearman, r = 0.973, P = 0.000). Furthermore, as
shown in Fig. 4, the relationship between TCPP
content and fluxes can be described as linear
(R* = 0.935). This means that organophosphate
flame retardant emissions from plastic materials
should be predominantly influenced by their content
in the materials. It also implies that high indoor air
concentrations could be found in rooms containing
materials with a high organophosphate flame
retardant content.

The organophosphate flame retardants emissions
in our study are significantly higher than those
found in other research (Kemmlein et al., 2003).
This can be explained in two ways.

First, in theory, to determine emissions of volatile
compounds using a passive flux sampler, the
thickness of the boundary layer should be set at
14-16 mm (in a general indoor environment without
mechanical air flow when the wind velocity is

Fig. 5. The relationship between elapsed time and TCPP
emissions.

0.08ms™!, Tichenor et al., 1993). Emissions of
toluene from the same materials were measured
using both a chamber and a passive flux sampler in
our previous study. Good correlation has been
observed between the two methods (Fujii et al,
2004). However, because SVOC tend adhere to
surfaces, measuring only gas phase emissions would
be underestimated for exposure assessment. In this
study, the diffusion length of the PFS-OFR was set
at 4.5mm and the maximum emissions were
measured.

Second, the wallpaper samples used in this study
were very new products. We obtained them directly
from a wallpaper factory and all experiments were
carried out immediately after delivery of the
samples. Emissions of TCPP from a wallpaper
sample with 5% TCPP as a function of time is
shown in Fig. 4. The experiment was carried out in
room temperature (22-28 °C). Over the test period
of 280 days, TCPP emissions decreased from 644.8
to 73.2pgm™2h~" (Fig. 5).
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4. Conclusions

A new type of passive sampler for measuring the
emission of organophosphate flame retardants from
materials was developed in this study. The diffusion
length dependence indicates that TCPP emission
from a wallpaper sample predominantly depends on
external diffusion. A linear relationship was found
between l/temperature and the logarithm of the
TCPP emission rate. A significant positive correla-
tion between the flux of TCPP and TCPP content in
wallpaper samples was observed. These results
suggest that indoor concentrations may be higher
when new materials with a high organophosphate
flame retardant content are used in high-tempera-
ture indoor environments.
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A Study for Measuring Emissions of Organophosphate Flame Retardants and
Exposure Assessment
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Summary: 4 simple, low cosi, reliable passive flux sampler for measuring the emissions of organophosphate
Sflame retardants was developed in this study, With this sampler, the emissions from polwinyl ehloride wall
covering sumples with different contents of tris@-chloroisopropylphosphate (TCPP) in different temperatures
were examined .Exposure assessment was also carried out. The results implied that there are possible high
health risks while using high organophosphate flame retardants content materials in high temperatuie indoor

enviromment.

Keywords: Organophosphate flame retardants, Fhix, Exposure
Category : Materials as sources of indoor pollutants, Indoor Air exposure

1. Introduction

In 1992, world wide usage of flame retardants was
estimated at 600000 tons of which 102000 tons about
17% are organophosphate flame retardants " . By
2001, these numbers had risen to 1217000 and
186000 tons, respectively 2 . Polybrominated
diphenyl ether (PBDE) and polybrominated biphenyls
(PBB) the most frequently used 2 kinds of BFRs will be
regulated by executive branch of EU in 2006, In recent
years, organophosphate flame retardants were used as
substitutes for polyminated flame retardants (BFRs). The
consume amounts of organophosphate flame retardants
in 2001 was 22000 tons about 5 times than that of
2000 in Japan »). The organophosphate flame
retardants are additives to polymeric materials that
typically make up 1-30% of the composition with an
average of 5-15%” Reducing the risk of fire is the
main advantage of using organophosphate flame
retardants. However, there are possible health risks from
the toxicity of organophiosphate flame retardants.

Recently some study about the toxicity of
organophosphate flame retardants have been carried
out. Tris (chloropropyl) phosphate (TCEP), tris(l,3-
dichloro-2-propyl) phosphate (TDCPP) are

carcinogenic for animals, Tris(2-

chloroisopropyl) phosphate (TCPP), tris(2-
butoxyethyl) phosphate (TBEP) are possible
carcinogens . Triphenyl phosphate (TPP) and trisbutyl

phosphate (TBP) are supposed with delayed
neurotoxicity . The acute effect of TCEP, an increase in
the spontancous ambulatory aclivity in male mice
caused by neurochemical mechanism was also
reported.  Organophosphate flame retardants are of
concern because they emits out of the products over the
course of their lifetime with exposure to humans mainly
through ingestion, inhalation of particles, gas phase and
dermal somption ", '

Many organophosg‘ahate flame retardants have been
detected in indoor air *” .and house dust®” TCPP and TCEP
were the most predominantly detected organophosphate
flame retardants in indoor air in Japan ? .TCPP also be
found in surface water range 100-400ng/L"”.

Few 'study about indoor ~pollution. of
organophosphate  flame  retardants, especially
exposure assessment about organophosphate flame
retardants have been performed. In this study, a
simple, low cost, reliable passive flux sampler for
measuring the emissions of organophosphate flame
retardants was developed, Using the passive flux
sampler, The fluxes of wall covering samples with
different TCPP contents ( w/w ) were measured.
Personal exposure assessment has also been carried
out using the emission data,

2. Methods and materials

2.1.Design of the passive flux sampler

A passive sampler for organophosphate flame
retardants (PFS-OFR) was developed in this study.
Structure of the passive sampler was shown in Fig.l.
The PES-OFR consisted of a circular glass plate
(internal diameter 47mm, height 5mm) and an
Empore CI8FF disk adsorbent (diameter 47 mm,
thickness 0.5mm; 3M Inc,, USA). The structure of
PFS-OFR is shown in Fig. 1.

‘47mm

aa

f“‘“ Glass Plate
SO AR : - EmporeC18FF
“4.5mm : disk
- Materials

Fig. L. Structure of PFS-OFR
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2.2 Analysis

The organophosphate flame retardants adsoibed at the
Empore CISFF disk were ultrasonic-extracied (W-i
13 MK-2, Honda Elcetronics Co. Lid, Japan) for 30
minutes in dml acetone (HPLC grade, Wako Pure
Chemieals Co. Lud, Japun). Determination of the
organophosphate flame retardunts conducted by gas
chromatography- Flame Photometric Detection (GC-
FPD, HP6890, Hewleti-packard, USA) equipped with
a HP-1 column (30m y 0.25mm id., 0.32um film
thickness). The column was maintained at 70°C for
2.0 minutes and then increased at 8.5°C/min to 290°C
where it was held for 3 minutes. The injection
temperature was held at 250 °C. An auto-sampler HP-
7683 was used for sample injection. The injection
volume was 3.0 ul and the plused splitless injection
mode was used. Helium was used as carrier gas
(20ml/min, constant flow mode), The hydrogen and
air flow were 90ml/min and 100ml/min, respectively.
The detailed detected conditions of GC/FPD 1s shown
in table 1.

10 organophosphate flame retardants compounds
under  study-  trimethyl  phosphate  (TMP),
triethylphosphate (TEP), tris(chloropropyl)phosphate
(TCEP), tris(2-ethylhexyl) Phosphate (TEHP),
tris(l,3-dichloro-2-propyl)  phosphate  (TDCPP),
tricresyl phosphate (TCP), Tris(2-
chloroisopropyl)phosphate (TCPP), trisbutyl
phosphate  (TBP),  tris(2-butoxycthyl)phosphate
(TBEP) and triphenyl phosphate (TPP) were
purchased from Wako Pure Chenucals Inc.

Table 1. The detected conditions of GC/FPD

Column HP-l(Agilent, 0.32mmi.d*30m)

Carrier gas He 20m/min

Hydrogen flow 90ml/min

Airflow 100ml/min

Injection temip. 250°C

Detector temp. 250°C

Oven temp. 70°C (2min)-8.5°C/min-
290°C(3min)

injection volume SuKplused splitless)

2.3. Sample materials

The wall covering samples with different TCPP
content (1%, 3%, 5%, 10%, 20%, by weight) were
donated by Kanto leather Ltd, Japan. The main
content of the wall covering sample were polyvinyl
chloride (PVC) and CaCO;, 40% and 28%,
respectively. All experiments started immediately
after delivery of the wall covering samples.

3. Results and discussion

3.1 Quality assurance and quality control

No organophosphate flame retardant was detected in
any of the blank samples. The hmits of detection
(LOD) and limits of quantification (LOQ) were
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detined as signal/notse vatos of three and ten, TMP
(78.4%0). TBEP (84.0%), the recovery rates of all the
arganophosphate flame retardants were in the range of

83%-103%.

3.2, TCPP emissions from wall covering sumples

The Buxes of TCPP at 25 °C from difterent TCPP content
wall covering samples and the temperature dependence
of them were reported in our previous study'”. The
results were shown i table2and 3.

Organophosphate flame retardants cmissions results in
our study are significantly higher than found in other
rescarch ', The wall covering samples determined in this
study were very new products. We bring them directly
from a wall covering factory and all experiments were
carried out immediately after delivery of the samples.

3.3. Long-term emission rate

The emissions of TCPP from a wall covering sample
with 5% TCPP additive level as a function with time is
shown in Fig.4. The experiment was carried out in room
temperature (22-28 °C). Over the test period of 280 days,
TCPP emissions decreased from 644.8 to 73.2ug m~h"'
(Fig. 3). This experiment result shows there may be
higher organophosphate flame retardants emissions from
new plastic materials.

800
8
2
ES
O
e
K]
8
g
i
0 100 200 300
Times (days)
Fig.3. The relationship between elapsed time and TCPP
emissions

Table 2. Fluxes of TCPP from gii?breuat content wall covering
 materials (25°C.ug mhy

content (w/w)  mcan SD RSD(%)
1% 2623 29.3 11.2
3% 452.6 60.6 134
5% 644.8 94.2 14.6
10% 1119.1 116.3 104
20% 2166.8 146.3 6.8

Table 3. Temperaturé dependence of TCPP cimission

temperture(°C) cmission (ug m” h"ﬁ
35 ‘ 644 8
40 1135.7
60 2841.2
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3.4, Exposure Assessment

TCPP indoor air concenuations have been predicted
using the emission data after 280days. The data of
model room has been used upon JIS ATO0T. Tt s
assumed that people spend their ime 1 2hours/day in the
model room. TCPP cmitted from wall covering is
permised as perfect diffusion in the room. Personal
exposures were caleulated using the predicted indoor air
concentrations. The constrained conditions of exposure
assessment were shown in tabled. The results of exposure
assessment were described in Fig 4.

Tabled. Constrained conditions of exposure assessment

Cubic Volume of Room () 174

Area of Wall Covering (im?) 7

Air Change rate (times/h) 0.5

Spend Time in Roomi(hrs/day) 12
50

[l
S L O o

— P}
wm o

Personal Exposmc(ug‘/m})
1 G
oo SRRV, T o

15% 20%
TCPP Additive Level{w/w¥%)

0% 5% 10% 25%

Fig.4. Exposure assessment of TCPP

The exposure was higher than 1/100 TLA-TWA
(Threshold Limit Value-Time Weighted Average) .
Assuming that a Japanese person inhales 15m’ air
daily and the weight of an adult is 60 kg, the human
daily intake of TCPP from air was estimated using the
predicted TCPP personal exposure. The results were
shown in table 4.

Table4. Estimation of TCPP human daily intake
additive level personal exposure  daily intake

(ug/n’) (ug/kg/day)
1% 53 1.3
3% 9.0 2.3
5% 13.0 3.2
10% 225 5.6
20% 435 10.9

The tolerable daily intake (TDI: NOAEL/salcty
factor: 10000) of TCPP is 3.6 ug/kg/day. Comparing
the estimated TCPP human daily intake of this study
to TDI, the TCPP daily intake of 10% and 20%

Chemical Exposure

addiuve fevel were higher than TDE(Fig 4),

Little s known  about  mechanism  of
organophosphate Tame retirdants difTusion i indoor
environment. TP was assumed as perfect difTusion
m this study. The maximum exposures have been
predicied. Although there wore some exeessive
assessment, the result of this study indicate that there
arc potentinh high health risks in some special
situations, for example, a new built residence with
high organophosphate  flame  retardants  content
materials. An indoor air investigation research in
Japan also showed the maximum indoor concentration
of TCPP was higher than 10ug/m’in Tokyo residence
(Saito et al.,2001).

4. Conclusion

The emissions from PVC wallpaper samples with
different contents of TCPP in different temperatures
were examined. Exposure assessment was also carried
out. The results suggested that there are possible high
health risks while using high organophosphate flame
retardants content materials in indoor environment.
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