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Environmental behavior and impact assessment of hazardous chemicals in products in
their recycling and disposal stage
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32,300,000

Behavior and fate of plastic additive chemicals at their use, recycle, and
disposal stage were investigated for the better understanding of their environmental risk. Firstly,
information on plastic additives was collected to construct a chemical additive database. Secondly, we
visited recycling, intermediate treatment, and disposal facilities of plastic wastes and collected
information on how the plastics and additives were treated and disposed in those stages. Lastly, as a
case study, we took phosphate flame retardants (PFRs) which are alternatives to brominated flame
retardants. We studied their exposure and health risk to human in car cabin because a lot of plastics
containing PFRs are used in cars. Our results indicated that current risk of PFR exposure through air and
dust to human was negligible but we should be cautious as use of PFRs is increasing and PFRs may
transform into more toxic chemicals.
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Organic
Phosphorus Flame Retardants OPFRs

@
26
2013 11 17
2013 11 23
14.3
20.3 °C
@
1
styrene divinylbenzene: SDB
AERO LE
Cartridge SDB
AERO
10
L/min 2 1.2m’
SDB
SDB 2 mL
10
d;s-TPHP  Isotopes Inc. C/D/N
b,-TNBP  Toronto Research Chemicals
d;,-TCEP Toronto Research Chemicals
GC-MS/MS
7890A
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A-48511
60 mg 500 um )
SF-300XH60-0.5MM
2 mL
1:3, v/v 2
10 3000 rpm
3
6 mL
GC-MS/MS
1
OPFRs Abbreviations
2-Ethylhexyldiphenyl EHDPP
phosphate
Tris(2-butoxyethyl) phosphate TBOEP
Tri-n-butyl phosphate TNBP
Tris(2-chloroethyl) phosphate TCEP
o-Tricresyl phosphate o-TMPP
p-Tricresyl phosphate p-TMPP
Tris(1-chloro-2-propyl) TCIPP
phosphate
Tris(1,3-dichchloroisopropyl) TDCIPP
phosphate
Triethyl phosphate TEP
Tris(2-ethylhexyl) phosphate TEHP
Tripropyl phosphate TPP
Triphenyl phosphate TPHP
@
9
2
12

Harrad et al. (2010)

Semi Volatile Organic
Compound: SVOC
Volatile Organic Compound: VOC

TCIPP
< Method
Quantitation Limit (MQL) 1502 ng/m’
TEP
67%
MQL

TNBP  TPP

11% 12%

MQL
TCIPP 2.69 x
10°Pa TPP 524x10'Pa TNBP  1.51x
10" Pa (Bergman et al., 2012)
TCEP 8.67
x 1077 8.37 x 107* Pa
(Bergman et al., 2012)
TCEP
(Matthews et al., 1993; Saito et al., 2001) TCEP
TCIPP
TCEP  1.44 x 10°* Pa (Bergman et
al., 2012)
TCIPP
9 1,502
ng/m’ Hartmann et al. (2004)
9
TCIPP 260 ng/m’
Saito et al. (2001)
TCIPP 14,230 ng/m’
2
Concentration [ng/m"’]
OPFRs - -
Median Min Max
EHDPP N.D. N.D. N.D.
TBOEP N.D. N.D. N.D.
TNBP N.D. N.D. <MQL
TCEP N.D. N.D. N.D.
o-TMPP N.D. N.D. N.D.
p-TMPP N.D. N.D. N.D.
TCIPP <MQL <MQL 1,502
TDCIPP N.D. N.D. N.D.
TEHP N.D. N.D. N.D.
TEP <MQL N.D. <MQL
TPHP N.D. N.D. N.D.
TPP N.D. N.D. <MQL
N.D.: <MQL:
®
3



3

Concentration [pug/g]

OPFRs Sampling Median Max
Sheet 6.9 106
EHDPP Floor mat 8.0 30.3
Sheet 36.7 68.4
TBOEP Floor mat 52.6 385
Sheet 0.3 1.3
TNBP Floor mat 0.5 59
Sheet 2.7 71.2
TCEP Floor mat 0.7 55
Sheet 0.0 2.9
O-TMPP koo mat 0.0 0.0
Sheet 0.0 1.0
P-TMPP Floor mat 0.0 0.1
Sheet 1.2 389
Tcipp Floor mat 0.3 1.9
Sheet 1.4 192
TDCIPP Floor mat 0.8 2.1
Sheet 2.5 4.2
TEHP Floor mat 2.2 637
Sheet 0.1 0.6
TEP Floor mat 0.1 1.3
Sheet 1.5 202
TPHP Floor mat 1.2 7.8
Sheet 0.0 0.1
PP Floor mat 0.0 0.1
SvVOoC
9 EHDP
100%
100% TBOEP 83% 96% TNBP
100% 100% TCEP 100% 100% TCIPP
100% 100%  TDCIPP 100% 100%
TEHP 100% 96% TEP 100% 100%
TPHP 92% 76% o-TMPP
p-TMPP
O-TMPP 17% p-TMPP 25%
TCIPP
TDCIPP
4 2
TCIPP 389 ug/g
TEHP
637 ng/g
TBOEP
35 ng/g
53 ng/g TCIPP
TDCIPP EHDP TCEP TPHP

TBOEP TNBP

TEHP

TBOEP TNBP
TEHP

(Marklund et al., 2003) TCIPP

TDCIPP
(Hartmann et al., 2004)
(Brommer et al., 2012; Ali et al., 2013)
TBOEP
TBOEP
TCIPP 30.725 ngl/g
TDCIPP
20.000 pg/g 4
©)
1
| — |'_\"nhal 'Cair 'tcar (1)
inhal W
Iinhal 1
[mg/kg-body weight/day] w
[kg] Ce:lgir
[ng/ m ] Rinhal
1 [m'/day] ter
1 [day]
| — Rdust i Cdusl 'tcar )
dust W
Idust 1
[mg/kg-body weight/day] Cust
(ng/gl  Rus
1
[mg/day]
2
1
Riust 20 mg/day

(Jones-Otazo et al., 2005; Abdallah and



Covaci, 2014)

Rdust
50 mg/day (Jones-Otazo et al., 2005;

Abdallah and Covaci, 2014)

0.05 day
(Mandalakis et al., 2008)
50 kg 1
15 m*/day (Saito et al., 2007)

9.0 x 107" 78 x 107

mg/kg-body weight/day

9.0 x 107" 2.3 x 107 mg/kg-
body weight/day

TCIPP

92x10"" 8.8x10”
mg/kg- body weight/day

19 x 10 1.6 x 10° mg/kg-
body weight/day
1
Reference dose RfD
(Van den Eede et al., 2011) 1
RfD 5
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