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Abstract

A simple method of solventless extraction of volatile organic compounds (BTEX) from aqueous samples was developed and validated. A
new arrangement of the full volume inside needle capillary adsorption trap (INCAT) device with Porapak Q as a sorbent material and wet
alumina as a source of desorptive water vapour flow in a closed analytical system is presented. The analytical characteristics of developed
device and of compared purge-and-trap (PTI) device for BTEX compounds are similar; the limits of detection as well as quantification are
lower than Jug .
© 2003 Elsevier B.V. All rights reserved.

Keywords: Needle concentrator; Benzene; Toluene; Ethylbenzene; Xylene

1. Introduction The drawbacks involve the fact that the samples collected
can be not particularly large, the desorption temperature is
The analytical methods based on solventless samplelimited by that of the gas chromatographic injection port, and
preparation techniques for environmental samples which the elution zones of analytes are slightly dispe§dOther
allow elimination of liquid solvents in the analytical proce- problems consistin competitive effects and variation in sam-
dures at low concentration levels as well as the reduction pling efficiencies for the different analyzed compounds as
of the sample preparation time are permanently in develop- the result of the low capacity of the sorb¢gmt.
ment[1]. Among this enrichment of the analytes techniques  The volatile aromatic compounds such as benzene,
is in progress, the technique of the inside needle capillary toluene, ethylbenzenertho-, meta-, para-xylene (BTEX)
adsorption trap (INCAT)[2-10]. In this device, the sam-  are fuel components commonly found in ground water con-
pling of a gaseous or aqueous analyzed mixture can be dondamination. The normalized quality limit for drinking water
by drawing a fixed volume of a sample through the sorbent is for benzene 1, toluene 50 and for xylene p@3~1, re-
placed as adsorbent layer on the interior surface or in full spectively[11]. The analysis of BTEX in aqueous samples
inside volume of stainless steel needle. The volatile analytesis usually achieved by purge-and-trap (PTI) gas chromatog-
sorbed on the sorbent, which can be adsorbent or liquid raphy (GC)[12]. The aim of this work was to develop a
coated onto a support, are thermally desorbed in the heatedcheaper device with adsorbent inside of the full volume
injection port of a gas chromatograph and then directly of stainless steel needle suitable for the pre-concentration
swept by the carrier gas into the capillary column for analy- BTEX from aqueous samples. The present paper describes
sis. Procedure of solid phase dynamic extraction of organicsa new arrangement of the full inside volume needle cap-
using a wall-coated syringe needle was automéd illary adsorption trap device with Porapak Q as a sorbent
The main advantages of INCAT device lie in the simple material and wet alumina as a source of desorptive water
methodology and easiness and rapidity of the analf§es  vapour flow in a closed analytical system. The experimental
parameters as temperature of sample, temperature of GC in-
mspondmg author. Tels421-2-60296-330: jection port, effect of sample flow rate as well as of volume
fax: +421-2-65429-064. sample and concentration of analytes on analyte recovery
E-mail address: kubinec@fns.uniba.sk (R. Kubinec). were investigated.
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2. Experimental ness 2.65m) coated with an immobilized methylsilicone
stationary phase (SE-54) and an oven that heats the trap.
2.1. Materials The water sample was purged with helium (99.996%

purity) (MG Tatragas, Bratislava, Slovak Republic) at

Porapak Q 0.15-0.18 mm with a specific surface area 30 mlmin~! during 10 min. The volatiles were trapped in
of 550nfg~1 and aluminum oxide with a grain size of the trapping capillary tube cooled t6100°C using liquid
0.2-0.4mm as packed materials for needle concentratornitrogen (MG Tatragas, Bratislava, Slovak Republic). Sub-
were purchased from Waters Assoc. Inc. (Framingham, sequently, the volatiles were thermally desorbed (220
MA, USA) and Merck (Darmstadt, Germany), respectively. 2 min) into the DB-1 analytical capillary column. The PTI
Standards BTEX (benzene, toluene, ethylbenzping)ene operation conditions were optimalised in our previous work
and o-xylene) were from Slovak Institute of Metrology [13].
(Bratislava, Slovakia), and methanol (gradient grade) from
Merck (Darmstadt, Germany). 2.3. GC analysis

Stainless steel needles (cannula) 90 mm long with an
outer diameter (o.d.)/inner diameter (i.d.) of 1.3/1.1 mm, The GC measurements were performed on gas chromato-
and 1.1/0.9 mm were from Nissho (Osaka, Japan), and fromgraph HP 5890 SERIES Il Hewlett-Packard (Avondale,
this material were prepared also O-rings (3mni.1 mm USA) equipped with flame ionization detector (FID) and a
0.d./0.9 mm i.d.). Stainless steel frits (2h porosity and split—splitless injector, and a CP 9000 gas chromatograph
0.16 mm depth) were from Carlo Erba (Milano, Italy), glass (Chrompack, Middelburg, The Netherlands) equipped with
syringe for water sampling (volume 5ml) from Graf For- FID and a PTI device. The carrier gas was helium with a
tuna (Wertheim, Germany), and viton tubing 20 mra mm pressure of 30kPa in the injection port and in the PTI de-
0.d./0.9 mm i.d. from Masterflex (Vernon Hills, IL, USA).  vice. The detectors temperature was maintained af @50

Restrictor as an uncoated deactivated silica capillary col- Injections for investigation of adsorption—desorption pro-
umn of Q7 m x 0.1 mm from Caco (Bratislava, Slovakia) cesses of INCAT device were made in the split mode (flow
was used for investigation of the sorption—desorption processrate 200 mI mirl) at various temperatures of injection port
of analytes in INCAT device, and a DB-1 30m0.53 mm in the range of 120-32TC, and oven temperature 250
i.d. x 3um (J&W Scientific, Blue Ravine Road, Folsom, for each analyte. Injections for separation of desorbed
USA) column was employed for analytical separation of aromatic standards from INCAT device were made in the

desorbed aromatic hydrocarbon standards. splitless mode (closed split valve during analysis) at injec-
tion port temperature 28@, and oven temperature 40
2.2. Sampling and heated quickly 10C min~! to 160°C.
Data acquisition and processing were done using CSW
2.2.1. INCAT 1.7 (APEX, Praha, Czech Republic) software.

Drinking water samples (500 ml) were spiked with 100 For investigation of INCAT device was used a model mix-
of methanol standard solution containing 8—100Q.higt of ture of BTEX withoutm-xylene because of its co-elution
each BTEX. Concentration of each BTEX in drinking water with p-xylene in used GC column. Results of real samples
models were 1.6, 3.12, 6.25, 12.5, 25, 50, 100, 260 1. co-elutate given as sum of- and p-xylene because these
Aqueous samples of concentration 10 my (volume of isomers show similar recovery and response. In the case of

100ml) for investigating the adsorption—desorption pro- required individual, analyze of these isomers is necessary
cesses in INCAT device were prepared by adding of 1 mg by use other GC column which separatesandp-xylenes.
of aromatic standards. Water sample was extracted by
INCAT device and propelled by glass syringe, or HPLC 2.4. Method validation
pump (Laboratorn Pdstroje, Praha, Czech Republic) to
maintain the precision measurements of flow rate ranges The validation process of the method was performed ac-
(0.5-9mImin!) and volume ranges (0.1-50ml). Needle cording to EURACHEM guidelinefl4,15] Detection {p)
concentrator was termostated in water bath (W6, Grant and quantitationyg) limits were expressed as signals based
Instruments, Cambridge, England) by temperature rangeson the mean blankx) and the standard deviation of blank
5-95°C with precision+0.5°C. responsess}):
222. PTI Yo =T+ 2% yo=p+ 10

The PTI device (Chrompack, Middelburg, The Nether- wheret is the constant of the Studentigest distribution
lands) was used as an comparative automatic stripping andone-tailed) depending on the confidence level (a 95%
pre-concentration system of volatiles from aqueous matri- confidence interval (Cl) level was chosen) and degrees of
ces. The PTI unit consisted of a 5 ml stripping vessel, a wa- freedom (d.f.). Theg, ands, were calculated by perfoming
ter condenser cooled with ethanet{0°C), a fused-silica 10 blank measurements. The concentration values of the
trapping capillary tube (30cnx 0.53mm i.d.; film thick- detection limit (LOD) and quantitation limit (LOQ) were
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obtained by projection of the corresponding signg/sand T N
yo through a calibration ploy = f(x) onto the concentra-
tion axis. Linearity was verified up to two orders performing
three measurements at each concentration level. Linearity
was confirm by performing Mandel’s fitting test.
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3. Results and discussion
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3.1. INCAT design
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A new INCAT device with adsorbent inside of the
whole volume of stainless steel needle was developed for
the pre-concentration of trace volatile organic compounds ( ®)
(BTEX) from aqueous samples. As can be seen fFogn 1,
it comprises a stainless steel needle N, stainless steel O-ring
O, stainless steel frits F, in laboratory prepared shut-off
micro valve V with stainless steel body and viton tubing T, [
adsorbent Porapak Q 0.15-0.18 mm (50 mm length of nee- g
dle) P, and alumina 0.2-0.4 mm (7 mm length of needle) A. VALVE 1L

sample 5 ml air=0.5ml

tion of BTEX from INCAT device. Aqueous sample is
passed through the INCAT device by means of a syringe
with 5 ml volume at speed about 1 ml mih(Fig. 2A). Sub-
sequently, the INCAT device is flushed by ca. 0.5 ml of air
to remove residual water (approximately of o) (Fig. 2B)

at room temperature. Then, the valve is closed and the IN-
CAT device is introduced to GC injection port with 1 ml
liner in the splitless mode at 28C. Adsorbed analytes are
thermally desorbed from Porapak Q and displaced to the in-Fig. 2. Scheme of sorption and desorption process of INCAT device.
jection port with gradually purging water steam formed by (A) San_ﬁpli'ng of aqueous samples; (B) removing of residual water; (C)
evaporation of water (approximately ofu® determined by desorption; (D) cleaning.

weighing of alumina sorbent). Various materials were tested

for the water reservoir in needle concentrator, e.g. silicaand In contrast with the INCAT systems published previously,
molecular sieve, but the alumina (sBection 3 was found the proposed needle concentrator is characteristic by closed
to be most suitable. Desorbed analytes are separated byorption—desorption system in which thermally desorbed
capillary gas chromatography and detected by FID detectoranalytes are with the assistance of water vapors repelled
(Fig. 20). Once the analyze is finished the valve on INCAT to the injection port of gas chromatograph without addi-
device is open and residual organic compounds are re-tive make-up gas. This modification allows using this nee-
moved by stream of helium with flow of 70 mI mif within dle concentrator for each type of gas chromatograph with
2min (Fig. 2D). split—splitless injector without any modification.

column

(©) (D)

column

3.2. Time, recovery and repeatability of
desorption process

The time, recovery and repeatability of desorption process
of BTEX in INCAT device were studied at working temper-
atures of the injection port in the range of 120-320 and
split mode with the split flow rate of 200 ml k. The num-
ber of replicated analyses for each temperature were three.

Desorbed BTEX were transported into the detec-

N P A tor through the restrictor deactivated with silanization
. . , (0.7 m x 0.1 mm) operating at the temperature of 280to
Fig. 1. Scheme of INCAT system. (N) stainless steel needle; (O) stainless ~ . . . . .
steel O-ring; (F) stainless steel frits; (P) adsorbent Porapak Q; (A) ad- minimize the a”a'Yte tranSfe_r “me, from mJethr to dej[ec'
sorbent alumina; (V) shut-off micro valve with stainless steel body; and tOr, @s well as to hinder of dispersion of sampling profiles.
(T) viton tubing. Fig. 3 shows the dependence of peak area-gflene, the




298 R. Kubinec et al. / J. Chromatogr. B 800 (2004) 295-301

30 -

A [mVs]

20 -

10 4 "

O T T T T 1
100 150 200 250 300 350
T[°C]

Fig. 3. The dependence of peak areaoefylene on the temperature of injection port. The number of measurements for each temperature were three.

most sorbed component of BTEX, on the temperature of ethylbenzene ang-xylene peaks areas on the temperature
injection port at sample volume of 5ml and concentration of injection port were similar.
10mgl?. It can be seen that peak area wkylene in-
creases with the temperature until approximately Z50s 3.3. Recoveries, repeatability, linearity and sample
achieved. It means that the constant amount of desorbedcapacity of INCAT sorption—desorption process
o-xylene is obtained above injector temperature of 250

Fig. 4shows the dependence of relative standard deviation The recoveries and their repeatability, FID response lin-
of o-xylene peak area on the temperature of injection port. earity and sample capacity of INCAT sorption—desorption
The values of relative standard deviations of peaks area isprocess were studied at injection port temperature o280
near constant (approximately 2%) above the temperature ofusing of capillary column DB-1. Ifable lare listed the re-
250°C. Higher relative standard deviations at lower temper- coveries of BTEX from model water sample at concentration
atures, e.g. 85% at 12C, are caused mainly by incomplete  200ug |~ and flow 1 mlmin? at different temperatures of
desorption ofo-xylene, and partly by variance of needle extraction. From this table, it is evident that the recoveries
position in injector port which can cause different thermal of BTEX, ranging from 96 to 102% with the values of rela-
transfer between the injector port and the needle. Depen-tive standard deviation within 0.1-4.2%, change at relatively
dences of relative standards deviations of benzene, toluenenarrow extent in the extraction temperatures range from 5 to
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Fig. 4. The dependence of relative standard deviatioo-®flene peak area on the temperature of injection port. The number of measurements for each
temperature were three.
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The recoveries R%) of BTEX from water and their relative standard
deviations (R.S.D.%) at concentration 3091~1 and flow 1 mimirr? at
different temperatures of extraction

Table 2

299

The recoveries R%) of BTEX from water and their relative standard
deviations (R.S.D.%) for concentration of 20§11, in dependence on
flow rate of the sample through the INCAT device at temperatureC25

T(°C) R% (R.S.D.%) Flow R% (R.S.D.%)
(mlmin~1)
Benzene Toluene Ethylbenzenep-Xylene o-Xylene
Benzene Toluene Ethylbenzeng-Xylene o-Xylene
5 97 (0.1) 100 (0.8) 102 (1.4) 98 (0.1) 96 (0.8)
25 98 (2.4) 99 (0.2) 99 (L.9) 99 (0.8) 97 (4 OS5 99 (26) 99 (L9) 97 (0.6) 99 (0.2) 97 (0.9)
40 98 (0.9) 100 (1.6) 101 (4.2) 98 (0.8) 96 (3.2) 1 98 (2.4) 99 (0.2) 99 (1.9) 99 (0.8) 97 (1.4)
60 98 (0.6) 99 (0.5) 99 (0.1) 99 (2.4) 101 (1.4) 2 97 (0.9) 97 (23) 96 (1.4) 96 (3.4) 96 (2.6)
80 96 (1.8) 97 (0.9) 98 (1.1) 98 (3.0) 98(14) 4 98 (2.7) 98 (24) 97 (2.9) 97 (1.8) 96 (2.4)
95 95(0.1) 96 (0.1) 95 (0.5) 93 (27) 95(1.4) 6 91 (21) 92(0.8) 90 (2.5) 90 (3.2) 89 (3.6)
9 82 (1.9) 83 (1.9) 81 (3.0) 84 (2.0) 81 (3.8)

The numbers of measurements for each temperature were three.

80°C. The small decrease of recovery was found &t®5

The numbers of measurements for each sample flow rate were three.

The relative standard deviations are ranging from 0.2 to

nevertheless at this temperature the recovery of each BTEX21.0% and increase with decreasing the concentration of
does not decrease under the 93%. analytes.

In Table 2are listed the recoveries of BTEX for con- The dependence of peaks area of BTEX on volume sam-
centration 20Gwg1~! at temperature of 25C, in the de- ples at concentration 2QQy1~1, flow of 1 mImin~1, and
pendence on sample flow rate through the needle concentemperature 25C are linear for all tested components, what
trator. It is evident that the recoveries are near constantindicate value$c, andFit from Mandel’s test in the broad
(96—-99%) in the sample flow rate range of 0.5-4 mindin range of sampled volumes 0.1-50 ml. The problem occurs
The decrease of recovery is noticeable at higher sample flowwhen the volumes lower than 0.1 ml are sampled looking on
rates of 6 and 9 mImint, when the recovery goes down up the relative small internal volume of INCAT device (120).
to 81%. The sampling of volume higher than 50 ml at concentration

Eight concentration levels of BTEX were analysed per- 200ug|~! results in overloaded peaks what leads to the in-
forming three measurements at each concentration level. Incomplete separation of some compounds. Obtained results
Table 3are listed the recoveries of BTEX, relative standard show on high sorption capacity of the developed INCAT de-
deviations of recoveries, and coefficients of determination vice, the limiting factor for the determination of BTEX at
at concentrations 1.6—-2@@1~1. From Table 3 it follows higher quantities of analytes is the capacity of used capillary
that the change of the peak areas with the concentrationgas chromatographic column.
of individual BTEX is linear in the concentration range of
1.6-200ug1~1, what indicate value§cy and Fgrit from 3.4. Comparison of LOD and LOQ values of BTEX
Mandel's test for all components analysed using INCAT obtained by INCAT and PTI methods
device. The recoveries for each analyte in full range of stud-
ied concentrations are from 86%-Xylene at concentration
3.1pgl™1) to 105% (toluene at concentration L.gl—1).

In Fig. 5 are shown the chromatograms of BTEX com-
pounds at concentration ofulg|~! individual aromatics

Table 3
The values of the peak area) (of BTEX, their recoveriesR%) and relative standard deviations of recoveries (R.S.D.%), the coefficients of determination
(r?), calculated Eca) and critical Frit) values of Mandel's test at concentratior®) (1.6—200ug 1~ using INCAT device

C(ngl™

A(mVs), R% (R.S.D.%)

Benzene Toluene Ethylbenzene p-Xylene o-Xylene
1.6 5.92 103 (2.8) 5.92 105 (7.3) 5.07 99 (13.4) 6.19 101 (7.1) 5.90 95 (21.0)
3.12 10.0 87 (8.7) 10.5 93 (5.3) 10.5 102 (13.5) 10.8 88 (1.9) 10.7 86 (16.2)
6.25 21.9 95 (1.6) 22.1 98 (8.6) 20.4 99 (7.9) 21.1 86 (8.3) 24.3 98 (6.4)
125 43.8 95 (4.2) 42.3 94 (2.8) 38.9 95 (1.7) 43.3 88 (2.2) 48.3 97 (4.7)
25 86.4 94 (2.2) 86.5 96 (2.5) 82.0 100 (2.8) 90.9 93 (2.3) 96.5 97 (1.2)
50 173 94 (3.3) 171 95 (2.2) 159 97 (1.7) 191 98 (0.9) 193 97 (3.1)
100 373 101 (0.9) 356 101 (1.4) 336 102 (1.8) 395 101 (1.3) 404 102 (2.1)
200 720 98 (2.4) 715 99 (0.2) 650 99 (1.9) 775 99 (0.8) 769 97 (1.4)
r2 0.9995 0.9997 0.9997 0.9998 0.9994
Fcal 0.77 0.07 1.99 1.13 7.54
Ferit 12.25 12.25 12.25 12.25 12.25

The numbers of measurements for each concentration were three.
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Fig. 5. Chromatograms of BTEX at concentration qfdl~1. (1) Benzene; (2) toluene; (3) ethylbenzene; gdylene; (5)o-xylene. (A) INCAT method;

(B) PTI method.

Table 4
The values of limits of quantification (LOQ) and detection (LOD) for
INCAT and PTI methods

Limits (wgl~!) Benzene Toluene Ethylbenzenpg-Xylene o-Xylene

LOQ? 0.80 0.83 0.43 0.43 0.46
LOD? 0.38 0.39 0.20 0.20 0.22
LOQP 0.23 0.26 0.33 0.33 0.36
LODP 0.11 0.12 0.16 0.16 0.17
a INCAT.
b pT.

obtained by INCAT and PTI methods. It is evident that the
concentration level of fug I~ at sample volume of 5ml is
above the detection limit for all BTEX compounds for both
methods, INCAT and PTI as well. The raising background
of INCAT analysis is caused by impurities from water and
methanol, eventually by decomposition products from IN-
CAT device, and by co-elution of water as a solvent peak
with benzene and toluene.

For INCAT method, the limits of detection values of
BTEX are from 0.20 to 0.3fg|~* and for PTI method are
in the range from 0.11 to 0.4y |~ (Table 4. The LOD
value 3.5 times higher for benzene and 3.2 times higher
for toluene achieved by INCAT method in comparison with
those achieved by PTI method are caused by co-elution of

ity of adsorption and desorption of trace quantities of
BTEX from water matrix. The developed INCAT device
is suitable for the analysis of BTEX in drinking and waste
water samples. The limit of detection as well as limit
of quantification of BTEX compounds analysed in IN-
CAT device is comparable with those for purge-and-trap
technigue. The main advantages of INCAT device in com-
parison with PTI device lie mainly in substantially lower
price of analysis and the possibility of sampling directly
in the field. The drawbacks involve the co-elution of ben-
zene and toluene with water as a solvent peak causing
slightly worse detection and quantification limits in com-
parison with ethylbenzene and xylenes. Other potential
problem is the rise in decomposing products of Porapak Q
[16].
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