
Large-volume injection utilizing programmable temperature
vaporizer in solvent vent mode is combined with fast capillary gas
chromatography and mass spectrometric detection. Optimized
injection and chromatographic conditions made possible manual
injection of a 20-µL ethyl acetate extract containing 15
organochlorine pesticides and their separation on a short, 
0.1-mm-i.d. column in less than 8 min. 

Introduction

T h e re is a revived interest in the development and implemen-
tation of methods of fast gas chromatography (GC). Recent
papers (1–3) summarize the advantages of fast GC analysis, gen-
eral approaches to fast GC method development, and practical
aspects of fast GC utilizing open tubular capillary columns, with
emphasis on trace analysis (2). Several approaches exist for
i n c reasing the speed of capillary GC analysis, and achieving anal-
ysis in a matter of minutes rather than tens of minutes. In trace
analysis, methods of fast GC have been developed mostly with
c o m m e rcial GCs that are specifically designed for faster GC anal-
ysis, or conventional gas chromatographs (or both) with or
without additional options for faster GC.

To avoid peak-width broadening, the injection system has to
satisfy the re q u i red input band width. Any extra-column contri-
bution to band broadening defeats the efficiency provided by fast
GC (1). Splitting injection techniques ensure narrow input
bands but result in poor limits of detection (LODs) because only
v e ry small sample quantities are introduced onto a column, and
most of the sample is split to vent. Because of a low injection
volume, the minimum detectable concentration is far too high
for many practical applications in trace analysis. To improve the
minimum detectable concentration, larger sample volumes have
to be injected utilizing nonsplitting injection techniques (1). 

Splitless and on-column injection, as well as the pro-
grammable temperature vaporizer (PTV), can readily be com-
bined with fast GC, because of focusing effects (2). However,
these techniques re q u i re optimization of various experimental
parameters. Van Ysacker et al. (4) explored splitless injection in
detail. Splitless injection is most often used in enviro n m e n t a l
analysis (5–7). Introduction of volumes up to 1 mL without any
peak distortion was perf o rmed with a 0.1-mm i.d. column (6).

On-column injection is one of the most suitable injection
modes for fast GC applications in trace analysis. Besides perm i t-
ting injection of larger sample volumes, it also eliminates the
discrimination of high-boiling analytes. For a narro w - b o re
column, a few microliters should be considered large volumes.
Usual volumes for fast GC with narro w - b o re analytical columns
(e.g., 0.1-mm i.d., or less) are approximately 0.1 µL. Recent pub-
lications (8,9) presented a configuration that allows intro d u c t i o n
of 40–80-fold larger sample volumes without any distortion of
peak shapes. However, in analyzing very polar compounds, on-
column injection has a limitation with re g a rd to retention gap
i n e rtness (10). Analysis of real-life samples might lead to pro b-
lems with the tolerance of the GC system to coinjected matrix
components (11). 

I n t roducing larger sample volumes than those permitted by
on-column injection has two benefits: excellent LODs or simpli-
fied and faster sample preparation (or both). Several techniques
have been developed to allow large volumes of organic solvent to
be injected in conventional capillary GC (CGC). These were
reviewed by Engewald et al. (12) and Korenkova et al. (13,14). 

This paper describes the optimization of conditions for com-
bining PTV (operated in solvent vent mode), fast CGC with
n a rro w - b o re columns (0.1-mm i.d.), and mass spectro m e t r i c
(MS) detection. Large sample volumes of organochlorine pesti-
cides (OCPs) extracted from water were injected in order to meet
the sensitivity re q u i rements of the European Union’s new envi-
ronmental legislation (15). The method was developed on a com-
m e rcial GC equipped with additional options enabling fast GC.
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Experimental

Instrumentation
C h romatographic experiments were perf o rmed on an Hewlett-

P a c k a rd HP 6890 Series GC (Wa l d b ronn, Germany) equipped
with a programmable temperature vaporization injector (PTV)
with an upper pre s s u re limit of 15 bar and an oven allowing fast
oven temperature ramp rates (240-V power option). The GC was
i n t e rfaced to an HP 5973 mass selective detector (MSD). The
injector was fitted with a 71- x 2-mm i.d. multibaffled deactivated
empty glass liner. An injection syringe of 25 µL was employed for
sample injections. 

GC
Separations were perf o rmed on an HP-1MS fused silica

column (15 m × 0.1 mm × 0.4 mm). The PTV injector was oper-
ated in a solvent vent mode. A sample volume of 2 × 10 µL was
injected manually into a cold injector (50°C, held 1 min). The
second injection was made after 0.4 min. The solvent elimination
was achieved by a vent flow of 100 mL/min of the carrier gas
applied for 0.9 min. At the end of solvent venting, the split vent
was closed and the sample was transferred to the capillary
column by heating the inlet at a rate of 720°C/min to 300°C and
holding the final temperature for 5 min. The splitless time was 2
min to ensure a complete sample transfer. After a completion of
the sample transfer, the inlet was heated to 310°C, purged, and
re t u rned back to the initial temperature. The initial oven tem-
p e r a t u re was maintained constant at 45°C during the solvent
evaporation and sample transfer steps (3.4 min). It was then
i n c reased to 280°C at the rate of 120°C/min and held at final
t e m p e r a t u re for 6 min. Helium (0.5 mL/min) and hydrogen (1.1
mL/min) in a constant flow mode were used as carrier gases.

Te m p e r a t u res of the transfer line, ion source, and quadru p o l e
w e re 305°C, 230°C, and 150°C, re s p e c t i v e l y. 

In the full-scan data acquisition mode the MSD was scanned in
the range from 30 to 400 amu at the scan rate of 3.89 scan/s. Ions
m o n i t o red in the selected ion monitoring (SIM) acquisition are
listed in Table I. A target ion and one or two additional ions (qual-
ifier ions) of each pesticide were selected from the electro n
impact ionization mass spectrum. The target ion (the most
abundant ion in the mass spectrum) was used for compound
quantitation in both full-scan and SIM modes (16). The qualifier
i o n s w e re used to increase the reliability of compound identifica-
tion in the SIM mode. Their presence and intensities relative to
that of the target ion give an additional evidence of correct targ e t
compound identification. The MSD was tuned to m / z 69, 219,
and 502, corresponding to perf l u o robutylamine (PFTBA). 

Materials and sample preparation
The organochlorine pesticide standards and internal standard

p ropazine were obtained from various sources (16). All standard s
w e re at least 95% pure. Pesticide stock solutions of 200 mg/L
w e re pre p a red in isooctane and stored in a re f r i g e r a t o r. Two 20
mg/L composite standard solutions were pre p a red in isooctane.
The composite solutions were used to pre p a re dilute solutions
and to spike water samples to the re q u i red concentrations. A
solution of internal standard propazine (99% purity) of 10 mg/L
was pre p a red in ethyl acetate and stored in the re f r i g e r a t o r.

Helium and hydrogen, both 99.999% quality, were supplied by
Messer Tatragas (Bratislava, Slovak Republic) and Air Pro d u c t s
(Bratislava, Slovak Republic), re s p e c t i v e l y. SDB-XC membrane
extraction disks (styrene–divinylbenzene, 47 mm, 3M Empore )
( Varian, Zug, Switzerland) were used for the sample enrichment. 

The sample preparation pro c e d u re utilizing solid-phase
extraction (SPE) on membrane extraction disks was described
e l s e w h e re (16). Ethyl acetate was used for the elution of pesticide
residues from filters after their preconcentration from water. For
calibration purposes 500 mL of tap water were spiked with a
composite solution of 15 pesticides (Table I) at a concentration of
0.05, 0.1, 0.2, 0.5 µg/L each, and extracted. The internal standard
p ropazine at a concentration of 0.2 µg/L was added before the
SPE extraction. The extraction pro c e d u re provides a 500-fold
enhancement in the concentration of target compounds re l a t i v e
to the original sample.

Results and Discussion

The MS has an advantage of unambiguous compound identifi-
cation. In order to reach the sensitivity of electron capture detec-
tion (ECD) (17), sample extract volumes as large as 20 µL have to
be analyzed. Because of a limitation imposed by a sample
capacity of the liner (cf. below), this volume was introduced into
the PTV injector by repeated injection of 10 µL. 

The amount of solvent left in the liner, prior to the sample
transfer from the liner onto an analytical column, is a critical
parameter (18). A high solvent residue results in a wide initial
band and, consequently, peak distortion. On the other hand,
elimination of too much solvent through the split vent results in

Table I. Target and Qualifier Ions Used in SIM MS
Detection

Organochlorine Target ion* Qualifier ions†

I D p e s t i c i d e s (m / z) (m / z)

1 1 , 3 , 5 - Tr i c h l o r o b e n z e n e 180 1 4 5
2 1 , 2 , 4 - Tr i c h l o r o b e n z e n e 180 1 4 5
3 1 , 2 , 3 - Tr i c h l o r o b e n z e n e 180 1 4 5
4 P e n t a c h l o r o b e n z e n e 250 2 1 5 , 1 0 8
5 α- H C H 219 1 8 1
I S‡ P r o p a z i n e 214 –
6 H e x a c h l o r o b e n z e n e 284 2 4 9
7 γ- H C H 219 1 8 1
8 P e n t a c h l o r o n i t r o b e n z e n e 265 2 9 5
9 A l d r i n 66 2 6 3 , 9 1
1 0 I s o d r i n 193 6 6 , 2 6 3
11 c i s - H e p t a c h l o r o e p o x i d e 353 2 6 3
1 2 o ,p' - D D E 246 3 1 8 , 1 7 6
1 3 p ,p' - D D E 246 3 1 8 , 1 7 6
1 4 D i e l d r i n 79 2 6 3
1 5 M e t h o x y c h l o r 227 2 7 4

* The most abundant ion in the mass spectrum of the analyte used for quantitation in the
full-scan, as well as SIM, modes.

† Characteristic ions used for confirmation of compound identitiy in the SIM mode.
‡ Internal standard.
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a loss of more volatile analytes. At a given injector temperature ,
the extent of the solvent elimination can be controlled by thre e
parameters: (i) the time the split vent is open (vent end time), (i i)
the inlet pre s s u re during solvent elimination (vent pre s s u re ) ,
and (i i i) the flow through the split vent (vent flow). Injector ini-
tial temperature was maintained at a temperature below the
p re s s u re corrected solvent boiling point in order to ensure pre s-
ence of the liquid solvent. In the manual injection set-up used, a
minimum vent end time was limited by the time needed for
i n t roduction of the second portion of the sample (~ 0.3 min). In
o rder to increase the injection re p ro d u c i b i l i t y, the second injec-
tion was always made at 0.4 ± 0.03 min. The effect of vent pre s-
s u re on the speed of solvent elimination opposes that of vent
f l o w. The higher the vent pre s s u re (or the lower the vent flow)
the slower solvent elimination. To simplify optimization of sol-
vent elimination from the liner, the vent pre s s u re was set to 
0 bar. Thus, the vent flow was the only parameter that needed to
be optimized to eliminate most of the solvent with minimum
analyte losses. It was found in pre l i m i n a ry experiments that for 
a 10-µL volume injected into the PTV at 50°C, a vent flow of 100
mL/min was sufficient to eliminate most of ethyl acetate in 0.4
min before sample losses occure d .

Sample capacity of a liner
For a cold splitless injection, the initial injector temperature 

is below a pre s s u re corrected solvent boiling point. The sample
amount that can be injected under such conditions is limited 
by the volume of liquid solvent that can be retained in the liner,
rather than by the volume of solvent vapor. In order to avoid
losses of sample by overflow of the liner, it was important to 
find out the maximum sample capacity (i.e., maximum injection
volume) of the used empty multibaffled liner. This was achieved
by single injections of increasing sample volumes of ethyl acetate
spiked with a mixture of investigated analytes into a cold injector
(initial temperature 50°C), followed by a rapid heating of injector
and analysis. For an illustration, the response of an early eluting
1 , 2 , 3 - t r i c h l o robenzene (m / z 180) and more retained hex-
a c h l o robenzene (m / z 284) as a function of the injected volume
a re plotted in Figure 1. Peak areas of the OCPs increased linearly
up to a sample volume of approximately 10 µL. For sample 
volumes larger than 10 µL, the solvent flooded zone in the 

liner was so long that the liquid reached the bottom of the 
liner and some of it, together with analytes, was lost via the split
exit. There f o re, in all further experiments the maximum volume
of 10 µL was injected at a time. This value was in agreement 
with the maximum injection volume that was determined visu-
ally for this type of liner (18). Volume of liquid solvent re t a i n e d
by the liner could be increased by the use of packed liners.
Typical packing materials are Tenax or silanized glass wool, 
h o w e v e r, problems with an incomplete desorption or degrada-
tion may arise (19). 

Thermal decomposition of analytes
When working with organochlorine pesticides, a critical test

for the instrument perf o rmance is the analysis of endrin and
D D T. An active liner will result in the decomposition of endrin
into endrin aldehyde and endrin ketone and in the decomposi-
tion of DDT into DDD and DDE. It was found that the extent of
endrin decomposition depends on the rate of PTV inlet heating.
When the inlet was heated at a rate of 60°C/min, partial therm a l
decomposition of endrin into endrin aldehyde and endrin ketone
was observed. The decomposition increased with increasing inlet
heating rate, and endrin degradation products could be observ e d
only at a rate of 360°C/min. At a rate of 720°C/min, neither
endrin aldehyde nor endrin ketone were detected, pro b a b l y
because of their further decomposition. These results showed
that the heating rate of the PTV might have been a parameter to
optimize when analyzing thermolabile compounds. Because of
its degradation, endrin was excluded from further experiments.
The degradation of other organochlorine pesticides was not
o b s e rved. 

Fast GC separation
Widely used conventional methods for analysis of org a n o c h l o-

rine pesticides recommend 30-m × 0.25-mm (or 0.53 mm) i.d.
columns, which result in chromatographic runs of appro x i-
mately 20 min or more (20–22). The analysis time could be sig-
nificantly reduced by the use of a smaller inside diamter,

Figure 1. Evaluation of maximum sample capacity of empty multibaffled liner
(71- × 2-mm i.d.). PTV operated in a cold splitless mode. (♦) 1,2,3-
Trichlorobenzene (m / z 180) and (■) hexachlorobenzene (m / z 284); concen-
tration in ethyl acetate, 0.1 mg/L per component. See text for other conditions.

Figure 2. GC–MS target ion chromatograms of 15 organochlorine pesticides
extracted from tap water obtained at oven temperature rate (A) 20°C/min and
(B) 120°C/min. Preconcentrated volume, 500 mL; concentration, 0.5 µg/L per
component; concentration of internal standard (IS) propazine, 0.2 µg/L; and
injected volume of ethyl acetate extract, 10 µL. PTV temperature program:
50°C/min (0.5 min), 720°C/min to 300°C (hold 4 min). Solvent vent: 100
mL/min until 0.4 min. Oven temperature program: 45°C (hold 2.4 min),
20°C/min (or 120°C/min) to 300°C (hold 5 min). Carrier gas: He, 0.5 mL/min,
constant flow. See Table I for peak identification. Peaks (*) are impurities from
the solvent.
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analytical columns (e.g., 0.1 mm), hydrogen as a carrier gas, and
fast oven temperature ramps (1,2). 

Oven temperature ramp
A typical effect of the “slow” and fast oven temperature ramp

on the separation of 15 pesticides on a 10-m × 0.1-mm column is
shown in Figure 2. Despite a significant shortening of the anal-
ysis time, all analytes are still resolved except for coelution of 
α-HCH with the internal standard propazine. 

Carrier gas
F u rther time savings can be achieved by using hydrogen as a

c a rrier gas at higher flow rates without significant increase in
the plate height equivalent (1,2). A separation of the org a n o c h l o-
rine pesticide mixture using helium and hydrogen carrier gas
while keeping all other chromatographic conditions identical is
c o m p a red in Figure 3. In addition to a further decrease in anal-
ysis time the previously unresolved α-HCH and internal stan-
d a rd were then separated with baseline resolution. 

Initial oven temperature
Another parameter relevant to the reduction of analysis time is

the choice of initial oven temperature. First analytes elute long
after the solvent front, which creates an empty gap in time.
H o w e v e r, attempts to increase the initial oven temperature were
unsuccessful, resulting in a deterioration of peak shape at the
initial oven temperature of 70°C and eventual coelution of
t r i c h l o robenzene isomers at the initial oven temperature of
100°C. The optimum initial oven temperature of 45°C was finally
selected. At lower oven temperature (34°C), the focusing and
t h e re f o re the separation of trichlorobenzenes did not impro v e
s i g n i f i c a n t l y, although longer temperature equilibration time or
c ryogenic cooling was needed between the two successive ru n s .
To test that the coelution of trichlorobenzenes at 100°C was not
caused by an overload of solvent, the vent flow of the PTV was
i n c reased from 100 to 600 mL/min. Their separation did not
i m p rove, and a 15% loss of pentachlorobenzene was observ e d .

Using optimized conditions, (45°C initial oven temperature ,

120°C/min oven ramp, H2 c a rrier gas) relative standard devia-
tions of retention times and peak areas (n = 3, concentration of
each analyte 0.2 µg/L) were in the range of 0.6–1.4% and
1.04–11.5%, respectively (16). Responses in the full-scan acqui-
sition mode of the MS were studied in the range between 0.05
and 0.5 µg/L. Except for aldrin, good linearity was obtained for
most compounds with correlation coefficients (r2) between 0.945
and 0.994. Detection limits under full-scan acquisition were
comparable with those typically obtained under single ion mon-
itoring (SIM) acquisition, ranging between 0.01 and 0.1 µg/L.
Ta rget analyses in the SIM mode gave detection limits lower by a
factor of 2–5. For comparison, the United States Enviro n m e n t a l
P rotection Agency Method 508 limits of detection for GC–ECD,
after enrichment of 1-L water sample, are in the range of
0.02–0.5 µg/L (21). 

Conclusion

Successful combination of large volume PTV injection with
fast GC re q u i red harmonization of three injector parameters.
With the vent end time set to 0.4 min and the vent pre s s u re set
to zero bar, the solvent vent flow was adjusted to maximize sol-
vent elimination with minimum analyte losses. With these
parameters, 20 µL of water sample extract in ethyl acetate was
successfully introduced without any peak distortions, using
repeat injection of 10 µL. As indicated earlier, the PTV inlet
heating rate is a parameter affecting decomposition of therm o l a-
bile compounds in the injector. Several chromatographic condi-
tions were also optimized to separate 15 OCPs in less than 8 min,
with detection limits satisfying legislative re q u i rements. These
included the carrier gas type, initial oven temperature, and oven
t e m p e r a t u re gradient, in combination with the use of a narro w
b o re capillary column (0.1-mm i.d.).
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