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ABSTRACT

The technique by which volatile organic compounds are enriched in coated or uncoated capillaries, and desorbed for qualitative ¢ .
chromatographic determination, was adapted for quantitative analysis by using a 1-m length of ultra-thick-film trap (145-um film
thickness) to extract the volatile compounds flowing through the trap at 0°C. The trapped volatiles are thermally desorbed, cryotrapped
on an analytical capillary column and determined by gas chromatography with flame ionization detection. It was found that analytes
such as dichloromethane and chloroform did not break through when sampling 1 ml of water. With this sampling volume, relative
standard deviations well below ca. 2% and ca. 2-4% were obtained for most of the analytes at levels of 1 ppm (v/v) and 1 ppb (v/v),

respectively.

INTRODUCTION

The determination of low concentrations of vola-
tile organic compounds in water and water-contain-
ing samples mostly requires a concentration step
prior to gas chromatographic (GC) measurement.
Concentration procedures include closed-loop
stripping [1], open-loop or dynamic stripping, also
known as purge-and-trap [2,3], and liquid-liquid
extraction [4-6], which could conceivably contrib-
ute to environmental pollution owing to the rela-
tively large volumes of halogenated solvents that
are used in some applications. A simple, rapid and
sensitive method that does not require a preconcen-
tration step is the direct aqueous injection technique
in conjunction with electron-capture detection
(ECD) and/or flame ionization detection (FID)
[7,8]. It has also been shown that trace components
can be stripped from large aqueous samples passed
through long, uncoated copper and polyethylene
capillaries [9]. So far, however, this observation has
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not been implemented in a protocol for quantitative
trace analysis.

Kaiser and Rieder {10] developed a qualitative
method for the enrichment of high-boiling organic
compounds in potable water by liquid-liquid en-
richment in a polysiloxane-coated capillary column
and Blomberg and Roeraade [11], having succeeded
in coating glass capillaries with an ultra-thick poly-
siloxane stationary phase film, demonstrated the
application of these thick-film capillaries to the
qualitative analysis of organic compounds in water.
Similar traps were produced in our laboratory by
the insertion of a polysiloxane rubber tube into a
fused-silica tube with 0.53 mm L.D. to produce traps
with a film or lining thickness of 145 um [12]. The
finished product had an I.D. of 0.24 mm. It was
found that these traps can be applied very success-
fully to the qualitative analysis of airborne organic
volatiles [12-14] and apolar organic compounds in
aqueous samples. Although it was demonstrated
[15] that the full thickness of the polysiloxane rub-
ber lining of these traps is utilized to retain volatile
compounds, it was found that small and highly vol-
atile compounds are not retained very effectively on
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traps short enough to be subjected to thermal des-
orption in the injector of the gas chromatograph.
These observations also apply to the extraction of
volatile organic compounds from agueous samples.
The use of longer traps and the trapping of volatiles
at subambient temperatures therefore seemed to be
unavoidable, even though traps longer than about
70 mm would require additional equipment for the
desorption of the volatiles. As far as the analysis of
airborne volatiles is concerned, reasonably accurate
information on the breakthrough volumes of vola-
tile compounds can be obtained by the extrapola-
tion of the results achieved with shorter traps. How-
ever, no information is available on the influence of
parameters such as temperature and flow-rate on
the efficiency with which organic compounds are
extracted from water by an ultra-thick-film capil-
lary trap.

The main aim of our research on the a apyuua.uuu
of capillary traps to the GC determination of vola-
tile organic compounds is to make technology and
procedures available that would enable any normal-
ly equipped analytical or quality control laboratory
to make at least a preliminary or emergency assess-
ment of problems arising from the presence of or-

ganic contaminantc in m m-
ganic contaminants in, for example, air of gas sam

ples, beverages, drinking water or process effluents,
without having to invest in expensive instrumenta-
tion or time-consuming conversions of existing
equipment. In this paper we report the results of
experiments carried out to determine the scope and
limitations of long ultra-thick-film traps for the
trace determination of organic volatiles in agueous

SEvERSES e
samples.

EXPERIMENTAL

LOIlg (I-III) luseu blllbd UpCIl-Llif)ulaf I.I'd.pb WCIC
produced by inserting polysiloxane rubber tubing
(0.65 mm O.D. x 0.30 mm I.D.) (Silastic medical
grade tubing; Dow Corning, Midlands, M1, USA)
into polyimide-coated fused-silica tubes (0.70 mm
0.D. x 0.53 mm 1.D.) according to the procedure
described by Burger ez al. [12] to give ultra-thick-

trnsma ~F and with a filv Ae Lhning
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thickness of 145 ym. Several traps were connected
in series, installed in a GC oven and conditioned at
280°C for 80 h.

A spiked water sample containing dichlorometh-
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ane, chloroform, bromoform, tetrachloroethylene,
benzyl chloride, heptane, benzene, toluene, p-xy-
lene, and p-cymene at the 1 ppm (v/v) level was pre-
pared by injecting 10 ul of a mixture of these com-
pounds ihrough a PTFE-backed sepium into the
vortex of 11 of magnetically stirred purified water
{obtained with a Milli-Q system; Millipore, Bed-
ford, MA, USA) in a 1-1 round-bottomed flask, the
neck of which was shortened to leave a relatively
small headspace volume (sample A). Water ob-
tained from the Milli-Q system contained a large
number of organic COi‘ﬂpoui‘xuS at a level of <10
ppb and had to be stripped of these interfering com-
pounds by boiling away about 50% of the original
volume. A water sample containing the above-men-
tioned analytes at a level of 1 ppb (v/v) (p-cymeme 2
ppb) was prepared by adding, according to the pre-
viously described procedure 1 ml of a freshly pre-
pdlCd 1 Pplll aaulpw LU 997 g Of thlb Pullﬁbd WalCl
(sample B).

Two ultra-thick-film traps, installed in capillary
column cages, were connected with shrinkable
PTFE tubing. Using shrinkable PTFE tubing, 0.5-
and 1.2-m lengths of fused-silica tubing (0.53 mm
1.D.) were connected to the inlet end of the first trap

d tha r\nltnf end aftha cnr\nnr‘ (nnclrrl\ respec-
anga inc cuict ena o1 g seCor n.;uy, TLSpov

tively. The connected traps were immersed into an
ice-water bath and purified water was sucked
through the traps until all air bubbles had been
purged from the trap. This normally took only a
few minutes. The outiet end of the fused-silica ex-
tension was closed by inserting it into a silicone-
rubber septum, whereafter the inlet end was insert-
ed through a septum or an opened stopcock into the
spiked water sample. Water was allowed to flow
through the traps for 1 h, about 1 ml of water being
collected in a weighed vial. The outlet end of the
fused-silica extension was again closed and the iniet
end removed from the water sample, then the sep-
tum was removed from the outlet end of the tubing
and the contents of the traps and extensions were
allowed to siphon to waste. The water collected in
the vial during the first part of the experiment was
carefully weighed and represented the total volume
of water sampled in the experiment. To achieve the
specified flow-rate the tip of the outlet extension
had to be ca. 85 cm below the surface of the water in
the inlet reservoir.

The guard trap was installed in the first oven of a
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Fig. 1. Temperature programmes used for the desorption and
analysis of volatile organic compounds in water. (A) Determina-
tion of analytes in sample A at a level of 1 ppm; (B) determina-
tion of analytes in sample B at a level of 1 ppb.

Siemens Sichromat 2 gas chromatograph. The vola-
tile organic compounds were thermally desorbed
and transported by the carrier gas (helium at 35
cm/s) to an analytical capillary column (40 m x 0.3
mm I.D., glass, coated with immobilized PS-255
with a film thickness of 5 ym) installed in the second
oven. The two ovens of the gas chromatograph
were temperature programmed according to the
profiles depicted in Fig. 1. After it had been estab-
lished that no breakthrough to the second (guard)
trap had taken place, the first trap was subjected to
a similar desorption and analysis procedure. Quan-
tification of the FID response was done with a
Hewlett-Packard Model 3385A integrator.

Direct on-column, aqueous injection of water
containing the analytes at a level of ca. 1 ppm was
carried out with a Carlo Erba Model 5300 gas chro-
matograph fitted with a cold on-column injector
and a glass capillary column (40 m % 0.3 mm L.D.)
coated with PS-255 with a film thickness of 5 um
and connected toa 10 m x 0.32 mm I.D. deactivat-
ed fused-silica retention gap.

RESULTS AND DISCUSSION
As far as solubility in water and extractability by

the apolar trap lining are concerned, no internal
standard can be expected to behave exactly like
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analytes such as the smaller halogenated com-
pounds. It is therefore clear that the only way to
achieve reproducible quantitative results is to em-
ploy conditions that ensure quantitative extraction
of all the analytes. This requires a relatively low
flow-rate of the water through the trap. A flow-rate
of ca. 1 ml/h was chosen for this purpose. Although
this may seem to be excessively time consuming, it
must be kept in mind that several traps can be load-
ed simultaneously and then stored for analysis at a
later stage, or that two traps can be used in a load-
ing-and-analysis cycle in an automated system.

The extraction of analytes from water by the po-
lysiloxane lining of a trap cannot be compared with
the almost irreversible adsorption of organic mole-
cules on an activated charcoal trap. With ultra-
thick-film traps breakthrough is generally not due
to overloading or saturation of the traps, but to the
movement of the analyte molecules through the
trap by normal chromatographic processes. Al-
though the increased rate of mass transfer at higher
temperatures would have allowed the use of higher
flow-rates, the limiting factor in this method is the
relatively low capacity of the trap for the more vola-
tile analytes. Taking the results of studies on tem-
perature-programmed liquid chromatography [16]
into consideration, sampling was carried out at the
lowest possible temperature (0°C) to increase the
capacity of the trap. A series of analyses were car-
ried out with water spiked with the analytes at con-
centrations of ca. 1 ppm. It was found that break-
through of dichloromethane became detectable at a
sampling volume of ca. 2 ml. This means that di-
chloromethane cannot be quantitatively extracted
and retained in the trap when sample volumes
larger than about 2 ml are used. As the main aim of
this study was the development of a method for vol-
atile water contaminants including dichlorometh-
ane, further determinations were carried out with
sample volumes of about 1 ml.

The results obtained with water containing the
ten analyte compounds at a level of 1 ppm are given
in Table I and a typical gas chromatogram is shown
in Fig. 2A. The relative standard deviations
(R.S.D.s) of the absolute peak areas are fairly good,
especially if it is taken into consideration that the
integration system used does not allow any manip-
ulation of the accumulated data, such as baseline
adjustment. For comparison of these results with
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TABLE 1

AREA COUNT REPEATABILITY FOR THE ANALYSIS
OF WATER CONTAINING ORGANIC COMPOUNDS AT
A CONCENTRATION OF ca. 1 ppm (SAMPLE A) (n = 5)

Compound Average Standard  R.S.D. (%)
uncorrected  deviation
area counts”®
Dichloromethane 72 468 954 1.32
Chloroform 34 088 138 0.41
Benzene 253 328 3333 1.32
Heptane 39 652 9348 23.58
Toluene 233 146 2224 0.95
Tetrachloroethylene 91 448 1380 1.51
Benzy! chloride 231 860 1199 0.52
p-Xylene 230 420 10 334 4.49
Bromoform 5397 982 18.20
p-Cymene 184 619 1253 0.68
¢ Attenuation: 100 x 28,
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Fig. 2. Typical gas chromatograms of volatile organic com-
pounds extracted from water samples in a 1-m ultra-thick-film
trap. Water samples containing the analytes at levels of (A) 1
ppm and (B) 1 ppb. GC conditions as described under Experi-
mental and in Fig. 1. Asterisks indicate artefacts and/or contami-
nants.
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those obtainable with direct aqueous injection [7], 5
ul of a spiked water sample containing the analytes
at a level of ca. 1 ppm were injected on-column into
an apolar column fitted with a 10-m retention gap.
With such relatively small injection volumes and
FID, the determination of these analytes at a level
of 1 ppb was found to be out of the reach of the
direct injection method.

The exceptionally high R.S.D. for heptane in Ta-
ble I is the result of steadily decreasing area counts
over the five days during which the determinations
at the 1 ppm level were made. Owing to its low
solubility in water, this compound probably be-
came concentrated in the headspace gas, resulting
in a decrease in its concentration in the water. It is
impossible to preserve the integrity of water sam-
ples spiked at these levels for longer than 1-2 days
at the most. The results in Table I were nevertheless
used here to illustrate the effect that storage of sam-
ples may have on the accuracy and reproducibility
of results. This problem was found to be less pro-
nounced at the 1 ppb level. The large R.S.D. for
bromoform can be ascribed to the low FID re-
sponse to this compound, resulting in a larger effect
of integration errors on the area counts obtained
for bromoform than for other analytes having nor-
mal FID responses. The relatively high R.S.D. ob-
tained for p-xylene can be ascribed to the incom-
plete separation of this compound from an impuri-
ty, probably a cyclosiloxane produced by thermal
decomposition of the polysiloxane lining of the
trap. To avoid this problem in analyses at lower
concentration levels, the desorption temperature
was lowered from 220 to 150°C, which still gave
complete desorption of all the compounds, and the
programming rate was changed from 4 to 3°C/min.

At the 1 ppb level, the low molar response factors
of the halogenated compounds resulted in poorer
R.S.D.s. It was found to be impossible to determine
bromoform with its very low response factor at a
level of 1 ppb. The results of an area count repro-
ducibility study are given in Table II. A typical gas
chromatogram obtained at a level of 1 ppb is shown
in Fig. 2B.

As dichloromethane and possibly also chloro-
form cannot be substantially enriched by using
larger volumes of the water sample, it does not seem
to be feasible to determine these compounds at con-
centrations much below 100 ppt with the present
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TABLE 11

AREA COUNT REPEATABILITY FOR THE ANALYSIS
OF WATER CONTAINING ORGANIC COMPOUNDS AT
A CONCENTRATION OF ca. 1 ppb (SAMPLE B) (n = 5)

Compound Average Standard R.S.D. (%)
uncorrected  deviation
area counts®
Dichloromethane 8817 802 9.10
Chloroform 5433 690 12.70
Benzene 35488 1414 3.98
Heptane 32721 1452 4.44
Toluene 71 624 525 0.73
Tetrachloroethylene 118 748 2340 1.97
Benzyl chloride 76 560 1834 2.40
p-Xylene 148 395 3150 2.12
p-Cymene 350 720 10751 3.07

¢ Attenuation: 1 x 2°,

method, in conjunction with FID. If ECD is em-
ployed, however, these compounds should be read-
ily detectable at a level of 1 ppt. As far as the com-
pounds with larger molar response factors are con-
cerned, acceptable R.S.D.s were obtained without
having to increase the volume of water siphoned
through the trap, although the more favourable
partition coefficients of the higher compounds al-
low larger volumes of water to be passed through a
trap before breakthrough occurs. However, at such
low levels the collection of reliable quantitative data
was hampered by residual impurities in the water
used for the preparation of spiked water samples
and especially by the thermal decomposition prod-
ucts of the polysiloxane rubber lining of the trap. If
appropriate precautions are not take, the accumu-
lation of polisiloxane decomposition products can
lead to the appearance of large interfering peaks,
even in analyses at the 1 ppb level. It was found to
be essential to cool the trap relatively slowly to at
least 120°C before the analytical column is cooled
for the next analysis. The trap is also left at the
desorption temperature only long enough to effect
quantitative desorption of the analytes in question.
If these precautions are not observed, strongly tail-
ing decomposition product peaks are produced
which might overlap with, or obscure, the peaks of
the analytes.

121
CONCLUSIONS

Although it cannot be claimed that ultra-thick-
film traps are universally applicable to the determi-
nation of all volatile organic compounds in any
type of water sample, the method described in this
paper could bring the determination of certain wa-
ter contaminants within reach of laboratories with-
out ECD instrumentation, provided that instru-
mentation is available for the thermal desorption of
analytes from the trap (double-oven gas chromato-
graph or ohmic heating) and cryofocusing of the
desorbed volatile compounds. Depending on the
R.S.D. that is considered acceptable, it is possible
to determine the more volatile organic halides at
levels of, for example, 1-10 ppb and the results re-
ported here can serve as guidelines for the devel-
opment of methods for the determination of similar
compounds. Interference of artefact peaks pro-
duced by the decomposition of the polysiloxane
trap lining can cause problems when less volatile
compounds have to be determined at levels of 1 ppb
or lower. However, the xylenes, p-cymene, etc., did
not break through when 10 ml of water were sam-
pled and the problem resulting from the increasing
size of artefact peaks that are formed when des-
orption temperatures have to be increased to
achieve relatively rapid and quantitative desorption
of high-boiling compounds can therefore be offset
by sampling larger volumes of water, allowing high-
er attenuation values to be used. General guidelines
will have to be established for the determination of
such higher boiling compounds as far as the flow-
rate at which these compounds can be extracted
from water and the temperature and time required
for complete desorption from the trap are con-
cerned.
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