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A sorbent for the thermal desorption-GC/MS to analyze volatile organic compounds (VOC)
and phthalic acid esters(PAE) in air was selected and characterized. The combination of com-
mercial sorbents of TenaxTA and Carboxenl000 packed in sequence into a desorption tube was
applied to compounds with a wide boiling point, such as ethanol, through diethy! hexyl phtha-
late (DEHP). The analytical results were confirmed for the linearity of the calibration over a
range of 10~500 ng with a correlation coefficient of 0.999 ~1.000, and also for a repeatability
of 1.5~2.0% to VOC and 2.2~6.2% to PAE. The detection limit was found to be 0.07 ~2.67
ng for 3 liters, or a detection limit of 0.02 ].Lg/m3 for toluene. With the prepared tube, of sam-
pled air a simultaneous analysis of VOC and PAE in indoor air and in the emitted gas from the
building materials was performed.
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Table 1 Thermal desorption-GC/MS parameters

Thermal desorption

Desorption temp. 300C
Desorption flow 30 ml/min
Desorption time 10 min
Cold trap inlet split flow 30 ml/min

Cold trap temp. 5C

Cold trap desorp. temp.  300C

Cold trap desorp. time 35 min

Cold trap outlet split flow 10 ml/min

GC/MS

Column PE Elite-1 0.25 mm X 60 m,
df: 0.25 um

Oven 50C (8 min)~ (10C /min)~
120C
(20C /min)~280°C (18 min)

Carrier gas helium, 17 psi

MS mode SIFI (SIM-Scan)

Mass range 33~400 m/z
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Fig. 1 TIC (Total Ion Chromatogram) of GC/MS analysis of the standard components

1. Ethanol, 2. Acetone, 3. i-Propanol, 4. Dichloromethane, 5. n-Propanol, 6. MEK, 7. Ethylacetate, 8. n-Hexane, 9.
Chloroform, 10. 2,4-Dimethylpentane, 11. 1,2-Dichloroethane, 12. 1,1,1-Trichloroethane, 13. 1-Butanol, 14.
Benzene, 15. Carbontetrachloride, 16. 1,2-Dichloropropane, 17. 2,2,4-Trimethylpentane, 18. Trichloroethylene, 19.
Bromodichloromethane, 20. n-Heptane, 21. MIBK, 22. Toluene, 23. Dibromochloromethane, 24. n-Butylacetate,
25. n-Octane, 26. Tetrachloroechilene, 27. Ethylbenzene, 28,29. p + m-Xylene, 30. Styrene, 31. o-Xylene, 32. n-
Nonane, 33. a-Pinene, 34,35. m,p-Ethyltoluene, 36. 1,3,5-TMB, 37. o-Ethyltoluene, 38. B-Pinene, 39. 1,2,4-TMB, 40.
n-Decane, 41. p-Dichlorobenzene, 42. 1,2,3-TMB, 43. p-Limonene, 44. Nonylaldehyde, 45. n-Undecane, 46.
Durene, 47. Decylaldehyde, 48. n-Dodecane, 49. Tridecane, 50. Tetradecane, 51. Pentadecane, 52. Hexadecane,
P1.DMP, P2.DEP, P3.DBP, P4.DEHP, *1.Toluene-d8, *2.DEHP-d4. The compounds underlined were used for the
evaluation of sorbent.

Table 2 Breakthrough volume of selected com- CYAR
pounds”
TenaxTA" T‘é‘;‘(‘)’(‘)gﬁ}/ Air Toxics” 35 ﬁ%ﬁ@lﬁﬁﬁ

— VOCY 55 F UF PAE2 53 D & 10~ 500 ng DHFEFRIZE
Ethanol 0.18 19 30 AL 4 s Y . %
Dichloromethane 0.3 95 40 ”- % *ﬁgﬁfv‘io) IE#VE{ T’fl: % Table 5 Lﬂ"ﬁ_. VOC &U PAE ‘é’
Acetone 0.54 220 20 B OMBAREIZENRZEN »=0999 LLE, r=0.996 DL L
Methylacetate 6.4 450 40 -
Hexazle 3.9 500000 _ (10 ng R E r=0999) LRIFLERELZRL .
Benzene 6.2 400000 50 PAE OMHBREMPMEVEEIE O RECBIT 2 4 3

a) unitin L; b) 200 mg; ¢) C1000: Carboxen1000;d) Carbon

A=V a yORBIILNY, KRERTERY SR TY
base, 2 phases prepacked .

57:0OTHo7-.

3.6 MM

3-4 HEREM

VOC9 B4 B UF PAE2 B4 D 4% 100 ng % & o i #3508
AWELEF2—T %770 B IS VEEL D F v
P (AvxzyayrsA47) CTEHRLEE, FIr—4—
HTRE L TREGRBRZTo 72 SMSHICARL AR
BEEEIIZOD2, 7, 11 HRARFEREOEINROE R %
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Fig. 2 Carryover for selected compounds

Blank run(lower chromatogram) shows the successive run performed with the same tube and ana-

Iytical system, following the sample run (upper chromatogram).

1. Toluene-d8, 2. Toluene, 3.

Ethylbenzene, 4. p + m-Xylene, 5. Styrene, 6. 0-Xylene, 7. p-Dichlorobenzene, 8. Nonylaldehyde,
9. Tetradecane, 10. DBP (dibutyl phthalate), 11. DEHP (diethyl hexyl phthalate)

Table 3 Carryover of tetradecane

Sorbent Carryover, %"
Air Toxics 20
TenaxTA/Carboxenl1000 0.17
TenaxTA 0.15

a) Blank run after 100 ﬁg analysis

Table 4 Storage and recovery of VOC and PAE

0 2 7 11
Toluene 100 92.8 98.4 97.9
Ethylbenzene 100 95.0 101.1 97.0
p,m-Xylene 100 94.9 101.5 97.6
Styrene 100 95.2 100.6 97.4
o-Xylene 100 93.7 103.0 96.8
p-Dichlorobenzene 100 96.1 103.0 97.7
Nonylaldehyde 100 89.7 94.7 81.8
Tetradecane 100 96.3 1015 97.6

L7z, S/N=10I81} 5 THEZ Table 6 2R,
E S BEART bV T 1EHEDT 260 ug/m’ TH B D
R LT, B TRRIE 0.07 ng IXABHRINE 31 DL & 28
SRR 0.02 pg/m’ ICHLET B T & H L ESITICT5E
IBTE 5.

3:8 EHR
ERIBET Z2HEOENERDOTHBIZ Fig. 3 1R
F. e, JISAEF XY UN—RIZEBLe ) LANLD

Table 5 Correlation coefficient of calibration curve
and repeatability

Compound Correlation coefficient, R  RSD, %"
Toluene 0.9999 1.9
Ethylbenzene 0.9998 1.1
p.m-Xylene 0.9993 1.0
Styrene 0.9997 0.9
o0-Xylene 0.9998 1.0
p-Dichlorobenzene 0.9996 1.2
Nonylaldehyde 0.9989 2.9
Tetradecane 0.9991 1.3
DBP 0.9979 3.5
DEHP 0.9971 8.1

a) range: 10~500 ng; b) at 100 ng (n =5)

WA A D5 HI % Fig. 4127 T. BRAEA»S I, &
BOMRLLZTRTORGERBTLE LI, VES
YRR ERBNICErNCBEAMDICHER TS EERZLND
BRI Lz, LedzAdbid, 0.1~200ug/m’%
EELZ. T2, ERONRE LRSS, BiEOT
BTHEALLZEHEESNIZZE S OBRIKTERB L.
TenaxTA Tl, WBBED/PIENVWT My EOEBH A
B DZERIRMEBICRANH Y, AirToxics Tl i HL
SOERBRELTH 5. TenaxTA/Carboxenl000 Tid
CNLOMBELRBRL, TR EDEBEESTTL
DEHP % Y O @ HEE S T, ~HOMHPHRETH S Z
L ERER L.
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Fig. 3 Indoor air of a living room

The ions specified with m/z in Table 6 are shown.

*1. Toluene-d8 (IS), 1. Toluene (34.4), 2.

Ethylbenzene (7.3), 3. p,m-Xylene (15.9), 4. Styrene (1.1), 5. 0-Xylene (4.5), 6. p-Dichlorobenzene
(20.0), 7. Nonanal (8.8), 8. Tetradecane (2.7), 9. DBP [dibutyl phthalate] (0.46), 10. DEHP [diethyl

hexyl phthalate] (5.6), a. Ethanol , b. Acetone
ng/1 (sampling volume of 3.5 1)
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Fig. 4 Outgas emitted from a carpet

The specimen was placed in a 20-liter chamber standardized by JIS A1901 (2003).

*1. Toluene-d8 (IS), 1.

Toluene (212), 2. Ethylbenzene (38), 3,4. p,m-Xylene (162), 5. o-Xylene (71), 9. DBP [dibutyl phthalate]
(0.1), 10. DEHP [diethyl hexyl phthalate] (1.00), a. Ethanol , b. Acetone, c. Methylacetate, d. n-Butanol, e.
Methylmethacrylate, f. MIBK, g. Butylacetate, k. Siloxane-tetramer, i. Siloxane-pentamer, j. Siloxane-hexam-

er, h. DEP [dietyl phthalate], (

): ng/l (sampling volume of 3.5 1)
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Table 6 Detection limit for GC/MS scan mode

X 3
Compound Quantitation ion Detection limi't\)s

(m/2) @ $/N=10) 1) BN ERERERERIRL A4 KT 4
Toluene-d8 98 0.23 -, (2000).
Toluene 91 0.07 2) EAET@E : “BIRERIMES L 025 OHE
Ethylbenzene 91 0.10 FiE”, (2000).
p,m-Xylene 91 ' 0.08 3) JIS A 1901, BEM B OEREMAMILEY (VOC), &
Styrene 104 0.22 VAT NTE RO H VR = A& WRcE i e
o-Xylene 91 0.10 Fith—/NF % ¥ N —E (2003).
#-Dichlorobenzene 146 0.10 4) ISO/DIS 16000-6 “Indoor air -Part 6: Determination
Nonylaldehyde 57 2.67 . . ..
Tetradecane 57 0.12 of Vol.atlle organic com[_)ounds in indoor, and cham-
DBP 149 0.49 ber air by active sampling on TENAX TA sorbent,
DEHP 149 0.87 thermal desorption, and gas chromatography MSD/

FID”

a) unit: ng 5) Wt KEE, HAE—: 87 RRE LA REIFHE

B4, p. 88 (1998).

6) T.Seko, N. Onda: Anal. Sci., 13, Suppl., 437 (1997).

7) i REE, BHEE: HRSILFEEE 49 £55%
HEBE, p. 40 (2000).

8) R, HAE— BHEE: &7 EE s
R E RS, p. 666 (2002).
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