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Determination of Phthalates in Indoor Air by Charcoal Tube - Solvent Extraction

Takanobu HINO, Kazuyoshi NAKAYAMA

Summary

In order to measure amount of average exposure of the phthalates in indoor air, charcoal tube adsorption - solvent

extraction method was studied. Air sample was passed through a charcoal tube continuously for one week with flow

rate of 100 mL/min, and the phthalates were extracted with toluene. The field trial was performed in the actual house

for one year. Di-n-butyl phthalate in outdoor and indoor air showed maximum concentration in the target compounds:

the outdoor concentration ranges were from less than 23 to 121 ng/m, and the indoor concentration ranges were from

2 to 308 ng/m. It was a pity that the trap tube materials produced made large blank values of di-2-ethylhexyl phthalate,

and concentrations of di-2-ethylhexyl phthalate in air samples could not measured. A trap tube, which is packed with

the adsorbent in a glass tube and melting-sealed both ends, does not receive contamination before cutting. And the trap

tube can use easily without pretreatment. If contamination can be prevented at the time of the trap tubes manufacture,

it will be used widely for phthalates measurement in indoor air.
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Table 1 Operating conditions for GC/MS
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sample vial

|__— rubber stopper

ol — sand

centrifuge tube (50 mL)

Fig.l Centrifuge holder for a sample vial

GC (HP5890 11)
Column
Column temperature
Injection mode
Injection volume
Carrier gas
Interface temperature

2 uL
280°C

MS (HP5972A)
Ionization mode El

HP-1ms, 30 m X 0.25 mm i.d. X 0.25 pm film thickness
100°C (2 min) — 20°C/min — 180°C (0 min) — 8°C/min — 280°C (0 min)
splitless (280°C), purge off time: I min

Helium (1.16 mL/min, constant flow mode)

SIM monitoring ion (m/z)

Diethyl phthalate (149, 177), Dipropy! phthalate (149, 209), Di-iso-butyl phthalate (149, 223)
Di-n-butyl phthalate (149, 223), Dipentil phthalate (149, 237), Butylbenzyl phthalate (149, 206),
Di-n-hexyl phthalate (149, 251), Dicyclohexyl phthalate (149, 249),

Di-2-ethylhexyl phthalate (149, 167), Diethyl phthalate-d4 (153), Di-n-butyl phthalate-d4 (153),
Di-2-ethylhexyl phthalate-d4 (153)
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Fig.2 SIM chromatogram of phthalates
each phthalates concentration: 0.2ng/ulL
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Table 2 Recovery rate from Sibata charcoal tube (added each 100 ng)

Compound Solvent

CS2 CH2CI2 Hexane  Toluene
Diethyl phthalate 25.7 45.8  not found 81.3
Dipropyl phthalate 37.3 434 not found 85.4
Di-iso-butyl phthalate 51.5 439  not found 95.7
Di-n-butyl phthalate 52.0 53.8  not found 96.8
Dipentil phthalate 47.9 273 not found 93.6
Butylbenzyl phthalate 21.9 435  not found 85.7
Di-n-hexyl phthalate 45.8 179 not found 91.3
Dicyclohexyl phthalate 69.9 403 not found 137.5
Di-2-ethylhexyl phthalate 3345 130.5  not found 266.3

Table 3 Recovery rate from Supelco ORBO-91L tube (added each 100 ng)
Compound Solvent

CS2 CH2CI2 Hexane  Toluene
Diethyl phthalate 79.7 42.7 1.8 56.8
Dipropyl phthalate 71.4 36.2 45 53.7
Di-iso-butyl phthalate 69.1 31.6 33.9 61.1
Di-n-butyl phthalate 81.1 353 7.8 54.7
Dipentil phthalate 82.0 32.6 5.6 62.6
Butylbenzyl phthalate 105.6 35.3 0.0 83.7
Di-n-hexyl phthalate 86.6 34.0 0.0 67.8
Dicyclohexyl phthalate 120.1 61.6 77.7 112.4
Di-2-ethylhexyl phthalate 243.6 165.9 119.2 160.9
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Table 4 Result of breakthrough test by surrogate compounds (added each 1000 ng)

Passed air Compound
volume DEP-d4 DBP-d4 DEHP-d4
(L) Recovery rate (%)
Added Tube (Run 1) 1021 88. 8 88.6 83.5
Added Tube (Run 2) 2215 99.9 100. 7 86. 4
Backup Tube (Run 1) 1021 0.0 0.0 0.0
Backup Tube (Run 2) 2215 0.0 0.0 0.0
DEP: Diethyl phthalate, DBP: Di-n-butyl phthalate, DEHP: Di-2-ethylhexyl phthalate -
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Table 5 Results of blank test of the charcoal tube and method detection limits (n=6)

Compounds Blanks Total of s of total 10s of total MDL at MDL at
Glass tube Quawts Activated blanks (MDL of mass) 144L 1008L
wool carbon sampling sampling “™

ng ng ng ng/tube ng/tube ng/tube ng/m’ ng/m’
Diethyl phthalate 0.0 0.0 0.3 0.3 0.2 22 15.2 2.2
Dipropyl phthalate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Di-iso-butyl phthalate 0.0 0.0 0.2 0.2 0.1 1.5 10.2 1.5
Di-n-butyl phthalate 0.0 1.4 3.1 4.6 2.3 22.6 157.0 22.8
Dipentil phthalate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Butylbenzyl phthalate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Di-n-hexyl phthalate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dicyclohexyl phthalate 0.0 0.0 0.1 0.1 0.1 1.3 8.7 1.3
Di-2-ethylhexyl phthalate 57.5 133 14.2 84.9 78.2 781.8 5429.0 788.0

MDL: method detection limit
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Table 6  Results of indoor and outdoor measurements for one year
Fine type with underline print of concentration vales are under MDLs
No. [ Compound Placc Sampling month
s o] w] u] w2 ] 2] 3] al 5T 6] 1] s
Outdoor temperature (°C)
8] 24 1es] 12s] es] 8o] 70| w00o] 6] 20] 23] 29[ 29
Concentration of phthalate (ng/m")
1 | Diethyl phthalate Out 7 15 2 4 1 1 1 1 1 3 9 6 4
In 71 83 47 43 20 19 17 27 37 31 35 21 17
2 | Dipropyl phthalate | Out 0 0 0 0 0 0 0 0 0 0 0 0 0
In 1 1 0 0 0 0 0 0 0 0
3 | Di-iso-butyl Out 2 3 2 2 0 0 0 0 0 0 2 4
phthalate In 10 8 10 7 7 7 24 32 21 25 11 15
4 | Di-n-butyl Out 56 67 28 33 3 4 2 7 16 7 61 102 121
phthalate In 308 250 141 185 108 102 92 148 250 150 151 129 173
5 | Dipentil phthalate | Out 0 1 0 0 0 0 0 0 0 0 0 0 0
In 0 1 0 0 0 0 0 0 0 0 0 0 0
6 | Butylbenzyl Out 0 0 0 0 0 0 0 0 0 0 0 0 0
phthalate In 3 3 1 2 2 1 1 1 5 0 4 4 2
7 | Di-n-hexyl Out 0 0 0 0 0 0 0 0 0 0 0 0 0
phthalate In 1 1 1 1 1 0 0 0 4 0 1 1 1
8 | Dicyclohexyl Out 0 0 ol 0 0 0 0 0 0 0 0 0 0
phthalate In 0 0 1 1 0 0 0 0 1 0 0 0 0
9 | Di-2-ethylhexyl Out 14 10 5 13 13 43 0 27 5 16 66 13 0
phthalate In 391 | 208 73| 144 7 105 0 651 309 | 2611 306 | 461 | 487
Total of outdoor 1-7 Out 66 85 33 40 6 5 3 8 18 20 73 112 129
Total of indoor 1-7 In 394 346 198 242 137 129 117 201 328 202 216 168 208
350
300 Di-n-butyl phthalate
A
-_ 200
5
=150 \X—‘\‘//.
100
B w—
8 9 10 11 12 1 2 3 4 S5 6 7 8
(1999) (2000)

Sampling month

Fig.3 Results of measurement of the indoor air
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Fig.4 Changes for sum of several phthlates concentrations
and outdoor tepmerature
Table 7 t-test results between temperatures and phthalates concentrations
Outdoor Indoor temp. | Diethyl p. Di-iso-butyl | Di-n-butyl p., Sum of Diethyl p. Di-iso-butyl | Di-n-butyl Sum of
temp. (°C) (°C) Outdoor p., Outdoor | Outdoor outdoor{ 1] Indoor p., Indoor p., Indoor indoor[ 1]
Outdoor - [*x] [*] [*x] [**] [*x*] [ 1 [ 1 [ 1 [ 1
temp.(°C)
Indoor temp. [*x] - [*] [*x] [**] [*x] [ 1 [ 1 [ 1 [ 1
(°C)
Diethyl p. [*] [*1] - [*] [*] [*] [*x] [ [ 1 [*]
Outdoor
Di-iso-butyl [ **] [*x] [*] - [*x] [*x] (1 [ [ [
p., Outdoor
Di-n-butyl [ * %] [ **] [ %] [ **] - [ **] [ 1 [ 1 [ 1] [ 1]
p., Outdoor
Sum of [*x] [*x*] [*] [*x*] [*x*] - [ 1 [ [ [
outdoor{ 1]
Diethyl p. [ 1 [ 1 [*xx*] [ [ 1 [ 1 - [ 1 [*x*] [**]
Indoor
Di-iso-butyl [ ] [ L1 L1 [ [ 1 L1 - [ 1 L1
p., Indoor
Di-n-butyl [ 1] [ [ [ 1 [ 1 [ 1] [*x*] [ 1] - [*x*]
p., Indoor
Sum of [ [ [*] [ [ [ 1 [*x] [ [*x] -
indoor([1]

[ * * ]: Significantat 0 < P =< 0.01, [ * ]: Significantat0 < P =< 0.05, [
[1]: Sum of 7 phthalates same as in Table 6.
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