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https://www.palsystem.com/en/sample-prep-injection/micromethods/static-dynamic-headspace/
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[ug L] g L] (%] [%] [ug L] (%]
Vinylchloride 0.008 0.02-2.0 0.999 5.3 (n=63) 103 0.008
Dichloromethane 0.01 0.03-2.7 0.999 5.5 (n=63) 97
MTBE 0.004 0.01-15 0.999 6.1 (n=63) 88 0.001 47
ETBE 0.001 0.004-1.5 0.998 6.6 (n=77) 94 0.009 51
Chloroform 0.004 0.007-2.9 0.999 5.4 (n=77) 99 0.008
Benzene 0.001 0.002-1.8 0.999 5.4 (n=84) 89 0.002 5
TAME 0.001 0.004-1.5 0.999 5.8 (n=77) 95 0.01 3
1,2-dichloroethane 0.002 0.006-2.5 0.999 5.3 (n=77) 97
Trichloroethylene 0.001 0.007-2.9 0.999 5.2 (n=77) 95 0.003 5.3
Bromodichloromethane 0.001 0.002-4.0 0.999 6.1 (n=91) 97 0.007 5.2
1,4-Dioxane 0.07 0.1-2.1 0.998 8.9 (n=49) 59
Toluene 0.005 0.009-1.7 0.998 73 (n=70) 96 0.001 45
Tetrachloroethylene 0.001 0.003-3.2 0.999 5.7 (n=84) 97 0.004 73
Dibromochlormethane 0.005 0.02-4.9 0.999 5.8 (n=70) 98 0.001 4]
Ethylbenzene 0.002 0.009-1.7 0.999 8.7 (n=70) 93 0.001 5.5
p-Xylene 0.004 0.009-1.7 0.999 8.9 (n=70) 117 0.001 49
o-Xylene 0.005 0.02-1.7 0.999 6.9 (n=63) 90 0.002 47
Bromoform 0.002 0.006-5.8 0.999 5.7 (n=84) 94
2-Methylisoborneol 0.03 0.1-2.0 0.999 5.5 (n=49) 94 0.001 5.6
Geosmin 0.06 0.1-2.0 0.999 5.1 (n=49) 88 0.002 6.1

Ref: Laaks J, Jochmann MA, Schilling B, Schmidt TC ; Anal. Chem. 2010, 82, 7641-7648
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PAL3-ITEX-Trap-Carb-S3

PAL3 ITEX trap Carbosieve SIII -60/ 80 mesh

PAL3-ITEX-Trap-Carb1000

PAL3 ITEX trap Carboxen 1000 -60 / 80 mesh

PAL3-ITEX-Trap-CarbC

PAL3 ITEX trap Carbopack - C 80 /100 mesh

PAL3-ITEX-Trap-TxGR

PAL3 ITEX trap Tenax GR - 80 /100 mesh

PAL3-ITEX-Trap-TXTA100

PAL3 ITEX trap Tenax TA 80 /100 mesh

PAL3-ITEX-Trap-Mix-1

PAL3 ITEX trap Mix1 Tenax TA : Carboxen1000
(Bottom: Top - 1: 1)

PAL3-ITEX-Trap-Mix-2

PAL3 ITEX trap Mix2 Carbopack C : Car-
bosieve Sl (Bottom: Top - 2: 1)

PAL3-ITEX-Trap-Mix-3

PAL3 ITEX trap Mix3 Tenax GR : Carbosieve
SHI (Bottom: Top - 1: 1)
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J. Laaks, M. Jochmann, B. Schilling, T. Schmidt; Optimization strategies of ITEX methods - Analytical and bioanalytical chemistry 407/2015
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VOCs, full scan mode, 2 pg/L
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VOCs, SIM mode @ 10 ng/L
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Full scan data: 2 pg/L MegaMix® Standard,
524.2 73 components), Restek PN 30601

SIM scan data: 10 ng/L MegaMix® Standard,
502.2 (54 components), Restek PN 30432

10mL water + BRI i, A 20 mL THZS
s, + 3g Nadl
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i 3% 24 (Shimadzu GC-2010 Plus):

Column

Rxi® 624 Sil MS, 30 m x 0.32mm, 1.8 pum df

Carrier gas

helium, 93.2 kPA

Temperature program

40°C for 1 min, 5°C/min to 250°C, 2 min hold

Injector split/split less at 225°C

Liner Restek catalog # 23321.1, 3.5 mm Splittless Single Tpr Gsnk
GC Shimadzu GC-2010 Plus

Detector Shimadzu GCMS-W2010E

ITEXBIAS T 25 2 U RS 5L

Incubation temperature 40°C

Incubation time 3 min

Syringe temperature 50°C

Extraction strokes 3x1 mLat40°C (12 min)
Extraction speed 100 pL/s

Desorption temperature 200°C with 1 mL headspace
ITEX trap material Tenax TA

Ban /7Y H
ARk ARG 73 AT 4R LA
ITEXZh AR TR %S vs. Poropakid i€ %

100 | 17.66 RT Nr  Name
8.79 1 Limonene
9.09 2 Eucalyptol
90 873 1194 3 Methylhexylketone
ITEX 1837 132 4 us-S-He_xenyIacetate
. 14.37 R
80 3 gr_gample, 30 minutes 17636 Z C(y)zzlo?de
— equiibration time, 40°C 2256 1785 7 Tetrahydrolinalool
2694 18.37 8  Tetrahydromyrcenol
2227 9 Linalool
70 2256 10 Verdox
2521/2694 1 Vertenex
26.49 12 Citronellylacetate
60 26.59 13 Pelargol
— 2775 14 Undecavertol
| Porapak 28.04 15 Gardenol
Filter Technique 29.02 16 Benzylacetate
50 5 riamele 20 I)Iours 3045 17 DMBC acetate
quuilibratIIorI time, 25°C 3133 18 Allylcyclohexylpropionate
' 29.02 3209 19 Phenylethylacetate
40 33.04 20 alpha-Methylionone
13.20 2521
— 33.04 3431 21 Verdylacetate
35.32 22 n-Methyl-alpha-lonone
30 36.61 23 Verdylpropionate
38.56 24 Diphenyloxide
39.67 25 Lilial
11,94 3991 26 Iso E super
20 2997 3133 4915 27 alpha-Hexylcinnamic aldehyde
2391
10 9.09 14.37
5.51 7780 oa L 194
i 14.92 IL
0 Mm ILzILm“ Lk b L
I I I I I I
Minutes 5 10 15 20 25 30

3 2+ (Thermo TraceGO):

Column Stabilwax 30 m x 0.25 mm, ID x 0.25 mm film thickness

Oven 35°C- 0.5 min 15°C/min  50°C - 0 min 5°C/min 220°C/1 min

SSL splitless with surge, surge pressure 20 kPa/0.4 min (0.5 mL), split flow 100 mL/0.3 min
Carrier He, 1 mL/min constant flow with vacuum compensation

JRIEZ4 (Thermo Trace MS system) TEXZh AT ZS 2 B R ERES B
lonisation mode El+ Incubation temperature 40°C
Source temperature 230°C Incubation time 30 min
Interface 220°C Syringe temperature 45°C
Mass 20 - 350 amu Extraction volume 1000 pL/stroke

Extraction strokes 10
Extraction speed 100 pl/s
Desorption temperature 200°C
_ Desorption speed 100 pl/s
Courtesy of: Givaudan Research Company, . .
Flush time 5 min

CH-8600 Diibendorf, Zurich, Switzerland, H. Koch
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GC

MS

Injector

GC Column
Autosampler

Thermo Trace GC Ultra

Thermo DSQII

AtasGL Optic 3 with cryofocusing unit
Restek VMS 60 m x 0.32 mm i.d., 1.8 ym film

PAL RTC with ITEX Dynamic Headspace, Tenax GC/
Carbosieve S3 trap

Sample storage in tray cooler  25°C

Tray temperature
Syringe temperature
Incubation time
Agitator speed
Extraction temperature
Extraction stroke

40°C
60°C
5min
500 rpm
60°C

60

Full Scan Chromatogram (m/z 49-180) at Tug/ |.

Target compounds:

1) vinyl chloride,

2) dichloromethane,

3) methyl tert-butyl ether,
4) ethyl tert-butyl ether,

5) chloroform,

6) benzene,

7) tert-amyl methyl ether,
8) 1,2-dichloroethane,

9) trichloroethylene,

10) bromodichloromethane,
11) 1,4-dioxane,

12) toluene,

13) tetrachloroethylene,

14) dibromochloromethane,
15) ethyl benzene,

16) p-xylene,

17) o-xylene,

18) tribromomethane,

19) 2-methylisoborneol,

20) geosmin

40°C for 1 min, 4°C/min to 130°C, 10°C/min to 200°C for 10 min
El 70evm Scan mode m/z 49-180
280°C Crytrap - 165°C for 30 s, 30°C/s to 250°C

1.5 mL/min constant flow

10 mL sample in 20 mL headspace vial

Extraction volume
Extraction flow rate
Desorption volume
Desorption flow rate
Desorption temperature
Trap cleaning temperature
Trap cleaning time

1000 pL
100 pL/s
500 pL
10 ul/s
300°C
350°C
5min

In-Tube Extraction of Volatile Organic Compounds from Aqueous
Samples: An Economical Alternative to Purge and Trap Enrichment

Jens Laaks,t Maik A. Jochmann,¥,
Beat Schilling, and Torsten C. Schmidt}
Anal. Chem. 2010, 82, 7641-7648

Multi-walled carbon nanotubes as sorptive material for solventless in-
tube microextraction (ITEX2)—a factorial design study

Thorsten Hiiffer & Xochitli L. Osorio & Maik A. Jochmann & Beat Schilling &
Torsten C. Schmidt

Instrumental Analytical Chemistry, University of Duisburg-Essen, Universi-
tétsstrasse 5, 45141 Essen, Germany; BGB Analytik GmbH, Rohrmattstrasse
1, 4461 Boeckten, Switzerland

Anal Bioanal Chem (2013) 405:8387-8395

Microwave-assisted nonionic surfactant extraction of aliphatic hydrocar-
bons from petroleum source rock

A. Akinluaa, M,A. Jochmannb, J. Laaksb, A. Ewertb, T.C. Schmidtb

a Fossil Fuels and Environmental Geochemistry Group, Department of
Chemistry, Obafemi Awolowo University, lle-Ife, Nigeria

b Instrumental Analytical Chemistry, University Duisburg-Essen, Universi-
tatsstr, 5, 45141 Essen, Germany

Predominance of Biotic over Abiotic Formation of Halogenated
Hydrocarbons in Hypersaline Sediments in Western Australia

A. Ruecker,t P. Weigold, S. Behrens,t M. Jochmann,} J. Laaks,t and A.
Kappler*,t

tGeomicrobiology, Center for Applied Geosciences, University of Tiibingen,
Tibingen 72074, Germany

fInstrumental Analytical Chemistry, Faculty of Chemistry, University of
Duisburg-Essen, Essen 45141, Germany

Sub-ppt determination of butyltins, methylmercury and inorganic
mercury in natural waters by dynamic headspace in-tube extraction
and GC-ICPMS detectiont

Jing Hu,ab Enea Pagliano,b Xiandeng Hou, a Chengbin Zheng,a Lu Yang *b
and Zoltan Mesterb

Microwave-assisted nonionic surfactant extraction of aliphatic
hydrocarbons from petroleum source rock

A. Akinlua®*, M.A. Jochmann®, J. Laaks’, A. Ewert’,

T.C. Schmidt” - Analytica Chimica Acta 691 (2011) 48-55

Optimization strategies of in-tube extraction (ITEX) methods
Jens Laaks1 & Maik A. Jochmann1 & Beat Schilling2 & Torsten C. Schmidt1

Unbiased profiling of volatile organic compounds in the headspace of
Allium plants using an in-tube extraction device

Miyako Kusano1,2*, Makoto Kobayashi2, Yumiko lizuka2,3, Atsushi
Fukushima2 and Kazuki Saito2,4

Multi-walled carbon nanotubes as sorptive material for solventless in-
tube microextraction (ITEX2)—a factorial design study

Thorsten Hiiffer & Xochitli L. Osorio & Maik A. Jochmann &

Beat Schilling & Torsten C. Schmidt

In-tube Extraction and GC-MS Analysis of Volatile Components from
Wild and Cultivated sea buckthorn (Hippophae rhamnoides L. ssp.
Carpatica) Berry Varieties and Juice

Sonia A. Socaci,a Carmen Socaciu,a* Maria Tofan,a loan V. Ratib and
Adela Pinteaa - Phytochem. Anal. 2013, 24, 319-328

Automated and quantitative headspace in-tube extraction for the
accurate determination of highly volatile compounds from wines
and beers

Julidn Zapata, Laura Mateo-Vivaracho, Ricardo Lopez, Vicente Ferreira*
J. Chromatography A, 1230 (2012) 1- 7

In-Tube Extraction-GC/MS as High Capacity Enrichment Technique
for the Analysis of Alcoholic Beverages.

Laaks J., Jochmann M.A.,, Schilling B., Molt K., Schmidt T.C.
fInstrumental Analytical Chemistry, University Duisburg-Essen, Universi-
tatsstrasse 5, D-45141 Essen, Germany;

§BGB Analytik AG, Lettenstrasse 97, CH-8134 Adliswil, Switzerland

J. Agric. Food Chem. 2014, [Epub ahead of print]

Determination of Wine Aroma Compounds by Head Space “In tube
extraction” Technique and Gas Chromatography (HS-ITEX-GC/MS)
Luminita VARVA1, Sonia SOCACIT, Anca FARCAST, Liana SALANTA,
Ana-Viorica POP (CUCEU)1, Elena MUDURA2 and Maria TOFANAT*

Headspace In-Tube Extraction Gas Chromatography-Mass Spec-
trometry for the Analysis of Hydroxylic Methyl-Derivatized and

Volatile Organic Compounds in Blood and Urine
llpo Rasanen, Jenni Viinamaki, Erkki Vuori, and llkka Ojanper&*

J Analytical Toxicology, 34, 2010, 113-121

Metabolic Profiling of Oxidized Lipid-Derived Volatiles in Blood by
Gas Chromatography/Mass Spectrometry with In-Tube Extraction

(ITEX)

Shoji Kakuta,1 Yasuhiko Bando,2 Shin Nishiumi,3 Masaru Yoshida,3,4,5
Eiichiro Fukusaki,1 and Takeshi Bamba* 1

1 Department of Biotechnology, Graduate School of Engineering, Osa-
ka University, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

2 AMR Inc., 13-18 Nakane-2, Meguro-ku, Tokyo 152-0031, Japan

3 Division of Gastroenterology, Department of Internal Medicine, Kobe
University Graduate School of Medicine,

7-5-1 Kusunoki-cho, Chu-o-ku, Kobe, Hyogo 650-0017, Japan

4 e Integrated Center for Mass Spectrometry, Kobe University Graduate
School of Medicine, 7-5-1 Kusunoki-cho, Chu-o-ku, Kobe, Hyogo
650-0017, Japan 5 Division of Metabolomics Research, Kobe University
Graduate School of Medicine, 7-5-1 Kusunoki-cho, Chu-o-ku, Kaobe,
Hyogo 650-0017, JapanMedicine, 7-5-1 Kusunoki-cho, Chu-oku,
Kobe, Hyogo 650-0017, Japan Mass Spectrometry 2013, 2, A0018

Metabolomic signature of brain cancert
Renu Pandey1, Laura Caflisch2, Alessia Lodi1, Andrew J. Brenner2,3,
Stefano Tizianil,4



THAEBHR &R 40°C - 350°C —
PAL3 ITEX tool, including:
1 pc Smart ITEX syringe 1.3 mL (SITEX-1300-T)

B LT 40°C-120°C PAL3-SITEX-Kit 2 pcs ITEX trap TENAX TA 80/100 mesh (PAL3-ITEX-Trap-TXTA100)
compatible with all PAL RTC/PAL RSI models from firmware version 2.3. or
ZEHUHER 10 pL/s - 1000 pl/s higher
requires firmware version 3.n or higher and PAL RTC/PAL RSI Series I for
FEBS (R BER) 0-1000 Smart functionality
ZEHUATA 0 plL - 1300 pL
e =
AL 54600 min. I T AMARE P,
i - FTHUE /20 ML
_ e p— PAL3-Agitat « Y2 EE S5 ] 40 - 200 °C
T VR B SR Tenax TA 80/100 mesh, HAth ™ & 17 UL 2 . 0T geter . %%@@50 - 750 rpm
« F3%E2 mL 2% 10 mL FF ARG Rl
BR7K A BR b AR R B 40°C- 150°C
205 J BERE A A B SE R D RE HHAH AP R < 20 %h

TS FERELE A

- 1000, 2500 15000 pL A5 T 1T 3%
PAL3-TH-HS1000 - SCRHEMESRET IR, AR ER
PAL3-TH-HS2500 - S7F52 mL, 10 mL, 20 mL FE SRR i

PAL3-TH-HS5000

BIRESPME £ 1F, 4k
1 pc SPME tool

PAL3-SPME-SFib-Kit 1 pc SPME Fiber assortment kit (SFIB-SEL5-52)
1 pc SPME performance evaluation mix

B RESPME Arrow AN GCHERE G T A 2H
Ji%:
PAL3-SPME-SArr-Kit 1 pc SPME Arrow tool
1 pc Smart SPME Arrow assortment kit (SARR1115-SEL5-52)
1 pc SPME performance evaluation mix

s B GCHACRERE O G BLas B

=

SRR H IR AR BT A BT AL FRFISPME Arrow

. o & EETE ] 40 °- 150 °C
PAL3-HeatexStirrer o T FTBHEEE T 1600 pm (CEERE T
o AT FF20 mL A (10 mL FE A T ELE L 4R)

T A %193E 4 (dilution / extraction)
o bRERE 2SR 2 mL/ 10 mL/ 20 mL
PAL3-Vortex-Mixer o 1 DB E R B E R A
PRACERIIE RS, IRAEE]
12000 rpm

10
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