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ABSTRACT 

A technique is described for the collection and concentration of volatile compounds produced by plants, insects, animals and other 
materials. The method is a modification of the continuous-flow system based on absorption of volatiles in a low amount of solvent at 
low temperature. The advantages and disadvantages of the technique used are described in detail. 

INTRODUCTION 

So far several different techniques have been used 
for the trapping and concentration of volatile sub- 
stances: (1) cold trapping and cryogenic trapping 
(e.g. ref. l-3); (2) trapping on a solid sorbent (e.g. 
refs. 4-7); (3) trapping in a liquid stationary phase 
coated on a solid support [8-131 and (4) chromato- 
graphy evaporation of a solvent in a capillary tube 
[11,14,15]. A short survey of preconcentration 
methods in capillary gas chromatography has been 
published by Roeraade [ 161 and an excellent review 
concerning headspace-gas chromatographic (CC) 
analysis of medicinal and aromatic plants and flow- 
ers has been published recently by Bicchi and Jou- 
lain [ 171. So far trapping on a solid sorbent is still 
the most widespread technique, the properties and 
use of which have been reviewed by Golub and 
Weatherston [ 11, NGfiez et al. [18] and Gunther et 
al. [19]. 

vent (if a small amount of solvent is used a quanti- 
tative washing out may not be achieved, while when 
larger amounts of solvent used the eluate must be 
concentrated, which may lead to quantitative 
changes in the proportion of the most volatile com- 
ponents. 

(b) Volatile substances may be desorbed by heat- 
ing the sorbent for several minutes, which is usually 
followed by cryofocusing at the beginning of the 
chromatographic capillary column, where the sub- 
stances may not be retained quantitatively [20]. 

For a thermal desorption of the volatiles, micro- 
wave radiation has also been used successfully, but 
this method has limitations with respect to the 
choice of sorbent [21,22]. In addition to this, de- 
composition of substances may take place on the 
large surface of the sorbent. Thus, desorption of 
volatiles both from solid sorbents and from the 
liquid stationary phase requires the use of further 
equipment [23,24]. 

For an analysis by means of GC, gas chromato- The device described in this paper is a modifica- 
graphy-mass spectrometry (GC-MS), gas chroma- tion of the continuous-flow system [25,26], in which 
tography-Fourier transform infrared spectroscopy absorption of volatiles into a solvent at low temper- 
(GC-FT-IR) or gas chromatography-electroanten- ature is used instead of adsorption [27]. The device 
nography (GC-EAG) it is indispensable to release works off-line, i.e. it is independent of the gas chro- 
the volatile compounds from the sorbent. Basically, matograph. The method was tested by trapping and 
there are two methods of doing this. concentration of volatile substances from natural 

(a) The substances may be washed out with a sol- and artificial sources. 
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EXPERIMENTAL 

The trapping system 
For all experiments described in this paper a tem- 

pered desorption vessel of a 30-ml internal volume 
was used. A U-tube containing 50 ~1 of solvent had 
an I.D. of 3 mm at its narrower part and 8 mm at 
the broader part, which is the section for the trap- 
ping of the condensed water. The inner surface of 
all glass parts of the device was silanized [28] with a 
solution of dimethyldichlorosilane in toluene (20%, 
v/v, for 20 min). Air or nitrogen was used as the 
carrier gas. The carrier gas was purified by means of 
cartridges packed with silica gel, charcoal (both ex- 
tracted and activated) and a 5-A molecular sieve 
(activated) before entering the desorption vessel. 
The gas flow-rate was checked with a rotameter and 
measured using a bubble flow meter. For the cool- 
ing of the U-tube with the solvent a mixture of etha- 
nol and dry ice (- 78°C) was used. A schematic dia- 
gram of the whole arrangement is shown in Fig. 1, 
and a detailed view of the main part of the des- 
orption device and the location of the sample is 
shown in Fig. 2. 

After each experiment condensed water and a 
trapping solvent were withdrawn (separately) from 
the U-tube with a Hamilton syringe and divided 
into several portions and stored in sealed glass tube 
(1 mm I.D.) in a freezer. 

Fig. 1. Schematic diagram of the trapping system. 

Fig. 2. Detail of the trapping system showing the desorption 
vessel and U-tube (not to scale). 

Testing the device by means of n-alkanes 
Fifteen n-alkanes (Cs-CZ2, Applied Science 

Labs., USA) in equal weight proportions were dis- 
solved in n-hexane (lo%, w/v) and 5 ~1 were in- 
jected with a Hamilton syringe through a septum 
directly into the small boat in the desorption vessel. 
Three equal U-tubes (4 mm I.D.), connected in se- 
ries, were always used for trapping the volatiles. 
Each of them contained 150 ~1 of an absorption 
solvent. The experiments were carried out: (a) with 
temperatures in the desorption vessel of 30, 60 and 
90°C (b) at flow-rate of 10, 20 and 30 ml/min and 
(c) for 1,2 and 4 h. The retention times (in minutes) 
of n-alkanes (for GC conditions see the Experimen- 
tal section) were as follows: 14.13 (C,), 22.30 (C,), 
30.81 (C,,), 39.06 (C,,), 46.88 (C,,), 54.24 (C,,), 
61.18 (C,,), 67.70 (C,,), 73.89 (C,,) and 79.75 

(Cl,). 

Solvents and gases 
Prepurified and distilled methanol (99.999%) or 

n-hexane (puriss., p.a., Fluka, Buchs, Switzerland) 
was used as the absorbing solvent. An air generator 
(Chrompack) was used as a source of air as carrier 
gas, while nitrogen was used from a cylinder. 

Gas chromatography 
An HP 5890A gas chromatograph with flame 

ionization detector and split-splitless injector was 
used: injector temperature 200°C; detector temper- 
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ature, 250°C; oven temperature, 35°C (5 min), then 
2”C/min up to 165°C; carrier gas, hydrogen (70 
kPa); column flow-rate, 2.0 ml/min; flow velocity, 
49.7 cm/s (at 35”C), split ratio, 1:29; injections, al- 
ways 2 ~1; fused-silica capillary column, 30 m x 
0.25 mm I.D. with DB-1; film thickness, 1 ,um. An 
HP 3393A integrator was used. 

Gas chromatography-mass spectrometry 100 

A combined HP 5890A gas chromatograph and 
ZAB-EQ mass spectrometer (VG Analytical, UK) 
using electron-impact ionization at 70 eV was used. 
The chromatography conditions were the same as 
for GC experiments. 

0 

Fig. 3. Distribution of n-alkanes trapped at different temper- 
atures in the desorption vessel (time of trapping 2 h, air flow-rate 
10 ml/min). 

RESULTS AND DISCUSSION 

The efficiency of the device was tested with a mix- 
ture of fifteen n-alkanes (Cs--&). The influence of 
temperature of the desorption vessel, flow-rate of 
the carrier gas and time of desorption was deter- 
mined. The tests showed that approximately 97% 
of desorbed alkanes were trapped in the first U- 
tube, while the rest (3%) were trapped in the second 
one. The third U tube contained only trace amounts 
of alkanes in some cases. Fig. 3 represents the influ- 
ence of desorption temperature on the percentage 
of substances trapped (the injected amount was 
equal to loo%, time of desorption 2 h and flow-rate 
10 ml/min). The effect of temperature is most dis- 

tinct up to 60°C; a further increase in temperature 
no longer causes a substantial increase in desorbed 
material. The effect of temperature is less distinct at 
desorption of lower hydrocarbons (up to n-CiJ). 
The influence of the time of desorption or the flow- 
rate is much weaker than that of temperature. n- 
Heptadecane was the highest hydrocarbon which 
could still be trapped under any conditions. The re- 
sulting quantity was most probably affected by the 
way in which a 10% solution of fifteen hydrocar- 
bons was injected into the desorption vessel. The 
hexane solution (5 ~1) occupied only a limited area 
on the glass surface of the small boat. In contrast to 

TABLE I 

TRAPPING CONDITIONS 

Material Quantity Temperature of 
desorption vessel 

(“C) 

Length of 
trapping 

(h) 

Carrier 

gas 
(ml/min) 

Coffee beans (Prague mixture type, 0.9 g 90 2 Air, 1’5 

roast and ground) 
Bark of spruce (Picea pungens 1.6g 50 3 Air, 15 

Engelm. cv. Argenfea) 
Black pepper (ground) 1.3 g 40 2 Air, 15 

Shield bug 30 adults c 30 2 Air, 15 

[Graphosoma lineatum (L.1758)] 
Polyvinyl chloride 10.5 g (30 cma) 50 5 Air, 15 

(PVC flooring material) 
Beer (Sladek 11” lager type) 18 ml 30” 2 Nitrogen, 25 

a A desorption vessel was used for preheating of carrier gas only, the sample of beer was placed in a stripping tube. 
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this, volatile substances from natural material are 
evaporated from a much larger surface. 

Since the effect of the trapping in the first U-tube 
was 97%, we always used a single U-tube in further 
experiments. For a practical testing of our device we 
concentrated volatile substances from randomly se- 
lected samples. The conditions for their analysis are 
given in Table I. Since a detailed qualitative analysis 
of the sample was not the main purpose of this 
study, we identified, by means of GC-MS, only 
some main components from several samples. 

Practically every natural organic material con- 
tains a larger or smaller amount of water. As a rule 
this water causes difficulties during the capturing of 
the volatiles (e.g. ref. 29 and 30). When the device 
described is used, allmost all of the water condenses 
and freezes in the wider part of the U-tube, i.e. be- 
fore it can reach the absorption solvent. We found 
that attention must also be paid to the analysis of 
water trapped in this manner. Some authors have 
warned against the presence of water in a sample 
analysed by capillary gas chromatography (CGC) 
because this water may change the properties of the 
chromatographic column [3 l] or even change reten- 
tion times [32-341. In contrast to this, a number of 
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authors currently use aqueous solutions for analy- 
ses by CCC [35-371 as well, and they even deter- 
mine water quantitatively using a thermal conduc- 
tivity detector (see ref. 38). Under our chromato- 
graphic conditions we observed no differences in the 
retention of substances from aqueous and non- 
aqueous samples. 

During the analysis of our samples we observed 
several different cases: in the case of coffee beans 
(roast and ground) the aqueous solution contained 
approximately six times more volatile substances 
(by weight) and approximately twice as many com- 
pounds as the methanolic solution (Fig. 4). The 
analysis of volatile substances from the bark of the 
spruce Piceu pungens Engelm. cv. Argentea repre- 
sented the other extreme. Volatile substances were 
captured only in methanol (Fig. 5). In the case of 
black pepper (ground) only some compounds out of 
the wide spectrum of volatile substances were pres- 
ent in water (Fig. 6). However, in many cases the 
water contained approximately the same spectrum 
of substances as methanol, but in lower concentra- 
tions. 

Our equipment may also be used for concentra- 
tion of volatile substances produced by insects and 

35 35 45 65 85 105 125 145 165 OC 
I 

I 8 I I f I I I I I I , I I I I 1 I I I I I I 1 I I 
0 

I i 
10 20 30 40 50 60 70 min 

Fig. 4. Gas chromatogram of volatiles from coffee beans (Prague mixture type, roast and ground); (a) methanolic solution, (b) 
condensed water (for conditions see Experimental section). 
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Fig. 5. Gas chromatogram of volatiles from the bark of spruce Picea pungens Engelm. cv. Argentea: (a) methanolic solution, (b) 
condensed water. Peaks: 1 = cc-pinene; 2 = j-pinene; 3 = limonene. 

35 35 45 65 85 105 125 145 165 “C 

I 
I I 1 I I I I I I I I I I I 
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0 10 20 30 LO 50 60 70 min 

Fig. 6. Gas chromatogram of volatiles from black pepper (ground): (a) methanolic solution, (b) condensed water. 
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Fig. 7. Gas chromatogram of volatiles. (a) Chromatogram produced by the shield bug Gruphosoma lineatum (L. 1758); methanolic 
solution. Peaks: 1 = 2-hexenal; 2 = 2-hexen-l-01 acetate; 3 = n-C,,H,4; 4 = n-C,ZHz6; 5 = n-C,,H,,; 6 = 2-decen-l-01 acetate. (b) 
Chromatogram from PVC flooring; methanolic solution. Peak: 1 = 2-ethyl-1-hexanol. 

a 1 23 4 

35 35 45 65 85 105 125 145 165 “C 

I 
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0 10 20 30 40 50 60 70 min 

Fig. 8. Gas chromatogram of volatiles from beer (Sladek 1 l”, lager type): (a) methanolic solution, (b) condensed water. Peaks: 1 = 
2-methyl-I-propanol; 2 = 3-methyl-I-butanol; 3 = 2-methyl-I-butanol; 4 = 3-methyl-1-butanol acetate; 5 = ethyl hexanoate; 6 = 
ethyl octanoate. 
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animals. As an example we present the analysis of 
compounds produced by the shield bug Graphoso- 
ma Zineatum (L. 1758) (Fig. 7a). 

An example of the concentration of compounds 
evaporated from floor covering on the basis of poly- 
vinyl chloride (PVC) is shown in Fig. 7b. 

The device described was also used for trapping 
of substances absorbed in liquids (stripping). A test 
tube containing the liquid was attached to the tem- 
pered vessel used to temper the carrier gas, and this 
was blown through a tube provided with a frit. As 
expected, a considerable amount of water was also 
trapped in the U-tube. The water contained practi- 
cally the same compounds as methanol (Fig. 8). 

In view of the fact that the trapping and the con- 
centration of volatile substances was carried out us- 
ing amounts in the microgram range, we considered 
it necessary to silanize the inner surface of the glass 

TABLE II 

DISADVANTAGES AND ADVANTAGES OF THE DE- 
VICE 

Disadvantages 
1. 
2. 

The device is not suitable for ultramicroanalysis. 
The selection of solvents is limited (methanol, ethanol, carbon 
disulfide, n-pentane, n-hexane, 2,2,4_trimethylpentane); m.p. 
must be lower than - 80°C. Methanol proved to be best be- 
cause (a) it is obtainable in a very pure state (up to 99.999%); 
(b) it gives a narrow signal at the beginning of the chroma- 
togram; (c) it miscible with water; and (d) it is stable. 

Advantages 
1. 

2. 

3. 

4. 

5. 
6. 

A concentrated solution of volatiles is obtainable in one oper- 
ation without any losses. 
There is no need for desorption equipment and/or to carry 
out cryofocusing. 
The amount of sample from one experiment is sufficient for 
several GC analyses, GC-MS, GC-FT-IR, GC-EAG and bi- 
ological testing. 
It is possible to obtain accurate retention times for identifica- 
tion by means of retention indices [3941] due to split in- 
jection technique. 
Easy quantification of experiments. 

The device is very versatile in terms of (a) the size of the 
U-tube; (b) the size and shape of the desorption vessel (from 5 
ml to 20 1, special shape for living objects); (c) different de- 
sorption temperatures (2&9o”C), carrier gas flow-rate (for a 
U-tube of 3 mm I.D. about 15 ml/min) and length of time of 
collection; (d) different carrier gases (nitrogen, helium, argon, 
air) can be used; (e) it is useful for concentration of volatiles 
from liquid samples (stripping). 
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parts of the device and so minimize the losses 
caused by adsorption on the surface. 

The disadvantages and advantages of the device 
described above are given in Table II. 

ACKNOWLEDGEMENT 

The author (K.S.) wishes to thank Professor C. 
Bicchi (Dipartimento di Scienza e Tecnologia de1 
Farmaco, Universita Degli Studi di Torino, Turin, 
Italy) for very valuable discussion on this theme. 

REFERENCES 

1 M. A. Golub and I. Weatherston, in H. E. Hummel and T. A. 
Miller (Editors), Techniques in Pheromone Research, Spring- 
er, New York, Berlin, Heidelberg, Tokyo, 1984, Ch. 10, p. 
223. 

2 

3 
4 

5 

6 

I 
8 

9 

10 

11 

12 

13 

14 

15 

D. Joulain, in E.-J. Brunke (Editor), Progress in Essential Oil 
Research, Proceedings of the International Symposium on Es- 
sential Oils, Holzminden/Neuhaus, Sept. 18-21, 198.5, Walter 
de Gruyter, Berlin, New York, 1986, p. 57. 
D. Joulain, Flavour Fragrance J., 2 (1985) 149. 
L. K. Gaston, in H. E. Hummel and T. A. Miller (Editors), 
Techniques in Pheromone Research, Springer, New York, 
Berlin, Heidelberg, Tokyo, 1984, Ch. 9, p. 217. 
A.-K. Borg-Karlson, G. Bergstrom and I. Groth, Chem. Ser., 
25 (1985) 283. 
B. V. Burger, Z. M. Munro and J. H. Visser, J. High Resolut. 
Chromatogr., Chromatogr. Commun., 11 (1988) 496. 
J. F. Horwood, Aust. J. Dairy Technol., November (1989) 91. 
C. Bicchi, A. D’Amato, F. David and P. Sandra, Flavour 
Fragrance J., 2 (1987) 49. 
C. Bicchi, A. D’Amato, F. David and P. Sandra, FIavour 
Fragrance J., 3 (1988) 143. 
C. Bicchi, A. D’Amato, F. David and P. Sandra, J. High 
Resolut. Chromatogr., 12 (1989) 316. 
J. Roeraade and S. Blomberg, J. High Resolut. Chromatogr., 
12 (1989) 138. 
M. Le Roux, H. J. J. van Vuuren, L. M. T. Dicks and M. A. 
Loos, System. Appl. Microbial., 11 (1989) 176. 
S. Blomberg and J. Roeraade, J. High Resolut. Chromatogr., 
13 (1990) 509. 
J. Roeraade and S. Blomberg, Chromatographia, 17 (1983) 
387. 

16 

S. Blomberg and J. Roeraade, in P. Sandra, G. Redant, F. 
David and M. Leuridan (Editors), Proceedings of the 10th 
International Symposium on Capillary Chromatography, Riva 
del Garda, Italy, May 22-25, 1989, Hiithig, Heidelberg, Bas- 
le, New York, 1989, p. 390; J. High Resolut. Chromatogr., 12 
(1989) 294. 
J. Roeraade, in P. Sandra, G. Redant, F. David and M. Leu- 
ridan (Editors), Proceedings of the IOth International Sympo- 
sium on Capillary Chromatography, Riva del Garda, Italy, 
May 22-25, 1989, Hiithig, Heidelberg, Basle, New York, 
1989, p. 289. 

17 C. Bicchi and D. Joulain, Flavour Fragrance J., 5 (1990) 131. 



322 T. JURSIK. K. STRANSKY, K. UBIK 

18 A. J. Nhfiez, L. F. Gonzales and J. Janak, J. Chromatogr., 
300 (1984) 127. 

19 W. Gunther, J. Wohland, M. Lux and F. Schlegelmilch, in 
E.-J. Brunke (Editor), Progress in Essential Oil Research, 
Proceedings of un International Symposium on Essential Oils, 
Holznlindenl.~euhaus. September 18-21, 1985, Walter de 
Gruyter, Berlin, New York, 1986, p. 637. 

20 J. W. Graydon and K. Grob, J. Chromatogr., 254 (1983) 265. 
21 H.-J. Neu, W. Merz and H. Panzel, J. High Resolut. Chromn- 

togr., Chromutogr. Commun., 5 (1982) 382. 
22 J. Rektorik, in P. Sandra (Editor), Sample Introduction in 

Capillur,v Gas Chromatography]. Vol. 1, Hiithig, Heidelberg, 
Basle, New York, 1985, Ch. 11, p. 217. 

23 The Supelco Reporter. 7 (2) (1988) 1: 7 (5) (1988) 1; 8 (6) 
(1989) I; 9 (1) (1990) 9. 

24 W. R. Betz, S. A. Hazard and E. M. Yearick, bzt. Labmute, 
14 (1990) 41. 

25 K. Ubik, in F. E. C. S. Third International Conference on 
Chemistry und Biotechnology of Biologic& Active Nuturul 
Products, Sofia, Sept. 16-21, 1985, The Publishing House of 
the Bulgarian Academy of Sciences, p. 205. 

26 K. Ubik, in P. DraSar (Editor), Handbook of Organic Lab- 
orutory, Institute of Organic Chemistry and Biochemistry of 
the Czechoslovak Academy of Sciences, Prague, 1986, p. 35. 

27 T. Jursik, K. Stransky and K. Ubik, in I. Hrdjr (Editor), 
Proceedings ofu Conference on Insect Chemistry and Ecology, 
Tbbor, Aug. 12-18, 1990, Academia, Prague, and SPB Aca- 
demic Publishing, The Hague, 1991, p. 327. 

28 Applied Science Laboratories, State College, PA, C’afalog 
No. IX, 1975, p. 17. 

29 J. W. Cochran and J. M. Henson, J. High Resolut. Chroma- 
togr. Chromatogr. Commun., 11 (1988) 869. 

30 Y. Ghoos, M. Hiele, P. Rutgeerts and G. Vantrappen. J. 
High Resolut. Chromutogr.. 12 (1989) 739. 

31 K. Grob. in P. Sandra. G. Redant, F. David and M. Leuri- 
dan (Editors), Proceedings of’ the 10th Interncttionrrl Symposi- 
um on Capillary Chromatogruplty. Riva de1 Gardu, Ituly, MayI 
22-25, 1989, Htithig, Heidelberg, Basle. New York, 1989, p. 
465. 

32 W. F. Burns, D. Tingey and R. C. Evans, J. High Resolut. 
Chrornutogr. Chromatogr. Comnntn.. 5 (1982) 504. 

33 K. Grob and A. Habich. J. High Resoht. Chromutogr. Chro- 
mutogr. Commun., 6 (1983) 34. 

34 K. Grob, Jr. and B. Schilling, J. Chromcttogr.. 260 (1983) 265. 
35 J. Buytcn, J. van Dalen, P. Musche and J. Peene, in P. Sand- 

ra, G. Redant, F. David and M. Leuridan (Editors), Proceed- 
ings of’ the IOth Internutional Symposium on Capillqv Chro- 
matograplty~, Riw de1 Gurdu, Itcrly, May 22-25, 1989. Hiithig, 
Heidelberg, Basle. New York, 1989. p. 225. 

36 D. V. McCalley, J. High Resolut. C’hromntogr., 12 (1989)465. 
37 The Packed Column Altrr~~ntivr~Mc~gaborc~. J&W Scientific, 

Folsom, CA, 1987. p. 8: J&W Capillaries. Erba Science, 
Vienna, 1990, p. 24. 

38 1~. C. H. Yeo and T. Shibamoto, J. Food Sci., 55 (1990) I 175. 
39 L. S. Ettre, Anal. Chew?.. 36 (1964) 31A. 
40 J. F. Sprouse and A. Varano, ht. Lab., 1984 (I l/l 2) 54. 
41 L. Blomberg, Adv. Chromutogr., 26 (1987) 229. 


