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Introduction 

Comprehensive two-dimensional gas chromatography (GC×GC) is a powerful separation technique in which two GC 
columns with different separation mechanism are coupled via an interface called modulator. This modulator is used to 
focus and efficiently transfer (i.e. re-inject) the entire effluent from the first column into the second one as consecutive 
narrow chromatographic bands. Parameters affecting the modulation step such as the cold and hot jet temperatures 
and the modulation frequency should be carefully optimised to preserve the separation achieved in the first column 
through the entire separation run. The fast GC separation that takes place in the second column depends on the 
nature of this stationary phase, its length and the offset of temperature between this column and the main oven. The 
main features of GC×GC, the influence of the experimental parameters in the final peak capacity and separation 
power as well as the main advantages of GC×GC as compared to other multidimensional chromatographic 
separation techniques have been discussed in a number of reviews 1,2.  

Up to now, the high peak capacity and distinctly superior separation power of GC×GC has been used to unravel 
classes of compounds in complex samples such as aromas, essential oils, petroleum mixtures, or to identify individual 
components within families of pollutants with a large number of isomers, including polychlorinated biphenyls (PCBs) 
3,4 and polychlorinated dibenzo-p-dioxins and furans (PCDD/Fs) 5. However, to date, the feasibility of GC×GC for 
group separation of close related families of pollutants has scarcely been investigated 6. The present study focus on 
this latter topic and evaluates the relative merits of several column combinations for the simultaneous screening of 
selected environmentally relevant classes of trace toxic and/or persistent organohalogenated pollutants (POPs) in fatty 
food samples.  

Materials and Methods 

All reagents used were of trace analysis grade and purchased from Merck Co. (Darmstadt, Germany), except 
granular anhydrous sodium sulphate (J.T. Baker, Deventer, The Netherlands). The working standard solutions were 
prepared from individual congeners or from technical mixtures in isooctane (Table 1) at concentrations between 100 
and 250pg/m l. Pork meat, salmon, common two-banded seabream and cow whole milk samples were purchased 
from supermarkets in Madrid and prepared according to a previous described method 7. The extraction and clean-up 
was carried out in a single step using a home-made miniaturised pressurised liquid extraction (PLE) system. Briefly, 
100 mg of the freeze dried matrix dispersed on a 1:1 (w:w) mixture of granular anhydrous sodium sulphate and silica 
gel modified with sulphuric acid was packed on the extraction cell on top of 900 mg of silica gel modified with 
sulphuric acid and 100 mg of neutral silica gel to perform the in-cell purification of the extracts. Extraction involved two 
consecutive 7 min PLE cycles with n-hexane (total solvent consumption, 3.5ml). The extract was collected in a vial, 
concentrated under a gentle nitrogen stream, reconstituted in isooctane and directly subjected to GC×GC analysis.  

An Agilent 6890 (Agilent Technologies, Palo Alto, USA) equipped with the KT2003 loop modulator (Zoex 
Corporation, Lincoln, Nebraska, USA) was used for analysis. Details of the loop modulator principles have been 
described elsewhere 2. Liquid nitrogen was used to create the cold jet, while the temperature of the hot jet heater was 
kept 80ºC over the main column temperature program. A secondary oven that allowed working with an offset of 
temperature between both columns was also installed. Helium was used as carrier gas in the constant flow mode. The 
μECD was maintained at 300ºC throughout the study and nitrogen was used as make-up gas at a flow rate of 
150ml/min. In all instances the modulation period was set at 6s with a 200ms hot jet pulse duration. Injections were 
performed in the splitless mode (1m l; splitless time, 0.75min) at 250ºC. Data acquisition rate was set at 50 Hz. The 
following GC columns (typically 30m × 0.25mm, 0.25mm film thickness) were tested as first dimension: ZB-5 (5% 
phenyl methylpolysiloxane), HT-8 (5% phenyl polysiloxane-carborane), DB-17 (50% phenyl methylpolysiloxane) and 
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BP-10 (14% cyanopropylphenylpolysiloxane). As second dimension, HT -8, BPX-50 (50% phenyl 
polysilphenilenesiloxane) and two polyethylene glycol type (Carbowax and Supelcowax-10) columns, with lengths 
varying from 0.6 to 2m × 0.10mm, 0.10mm film thickness were assayed. Temperature offsets between 0 and 30ºC 
were evaluated. 

Results 

The assayed column combinations were selected on the base of data previously reported in the literature, mainly for 
PCB 3,4 and PCDD/F 5 analysis, our experience, and the required orthogonality of the GC×GC separations. In all 
cases, thermally stable commercial phases with a relatively high upper temperature limit were used to avoid an 
unnecessary lengthening of the GC run. When necessary, an offset of temperature relative to the primary oven was 
applied to the second dimension column to reduce tailing of the analytes in this column and/or the wrap-around 
expected for some of the families investigated because of the 6s modulation period used throughout the study. For all 
investigated column sets, wrap-around was observed for the less volatile analytes studied, i.e. the more halogen-
substituted PCDD/Fs and PBDEs and PCTs. However, no coelution between analytes issued from different 
modulations cycles was observed and the separation profile was conserved.  

Although none of the assayed phase combinations allowed a complete separation among all POP families 
investigated, some particular features were observed for the different column sets assayed. Characteristic structured 
chromatograms were obtained with all column combinations, except when glycol type columns, i.e.Carbowax or 
Supelcowax-10, were used as second dimension. As expected, the compound distribution into the retention plane 
differed markedly when using these glycol type columns as second dimension as compared with the other column 
sets used. As an example, Figure 1 shows a typical reconstructed chromatogram obtained for these column 
combinations. OCPs and PCNs looked to be less retained in glycol phases and consequently they eluted at the 
bottom part of the chromatogram. Meanwhile, PCDD/Fs and PBDEs eluted in the upper part of the plane and 
separated from PCBs, CTTs and PCTs. However, degradation was observed for some OCPs, PCNs and, specially, 
for CTTs in these phases, which made the analysis of real-life samples complicated. 

No degradation of the investigated target compounds was detected in the other sets of columns tested. Besides, 
because of the relatively good orthogonality from the phase combinations, a structured distribution of the analytes 
organised by homologue series was observed, which can be considered a characteristic feature that facilitates 
compound identification when analysing real samples. Although none of the column combinations assayed provided a 
complete separation among all the families of POPs studied, some column sets were particularly suitable for the 
isolation of selected families from the rest of the POPs and thereby they can be used for the fast screening of these 
pollutants in real samples. That is for instance the case of HT-8×BPX-50 for PBDEs and PCDD/Fs (Figure 2), DB-
17×HT-8 for PCNs and OCPs, and BP-10×BPX-50 for CTTs, PCDD/Fs and PBDEs.  
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Table 1. Composition of the organohalogenated families of pollutants investigated. 

 

Figure 1. GC×GC-μECD reconstructed chromatogram obtained with ZB-5×Carbowax. Colour codes: PCBs, red; 
PCDD/Fs, pink; OCPs, light green; PBDEs, blue; PCNs, cyan; CTTs, dark green; and PCTs, orange. The primary 
and secondary GC ovens were programmed as follows: 90ºC (2 min), at 20ºC/min to 190ºC, at 3ºC/min to 235ºC, at 
1.5ºC/min to 290ºC (14min), at 10ºC/min to 310ºC. 

Compound class

Polychlorinated biphenyls (PCBs)

PCBs 18, 28, 31, 33, 45, 47, 52, 55, 66, 74, 
77, 80, 81, 84, 88, 91, 95, 99, 101, 105, 110, 
114, 118, 119, 122, 123, 124, 126, 128, 129, 
131, 132, 135, 136, 138, 139, 141, 144, 149, 
153, 155, 156, 157, 164, 167, 169, 170, 171, 
173, 174, 175, 176, 178, 180, 183, 187, 189, 
190, 194, 196, 197, 200, 201, 202, 206.

Aroclor 1254 and Aroclor 1260
Polychlorinated dibenzo-p-dioxins 
(PCDDs)

Seven 2,3,7,8-substituted congeners

Polychlorinated dibenzofurans 
(PCDFs)

Ten 2,3,7,8-substituted congeners

Organochlorinated pesticides
Aldrin, dieldrin, α-HCH, γ-HCH, 4,4´-
dichlorobenzophenone, heptachlor, heptachlor 
epoxide, p,p’-DDT, p,p’-DDE, p,p’-DDD. 

Polybrominated diphenyl ethers 
(PBDEs)

PBDEs 17, 28, 47, 66, 85, 99, 100, 139, 153, 
154, 183

Polychlorinated naphtalenes (PCNs) PCNs 2, 6, 13, 28, 52, 66, 73, 75.

Toxaphene
Toxaphene technical mixture 

Parlar 26, 32, 40, 44, 50, 62, 69.
Polychlorinated terphenyls (PCTs) Aroclor 5460
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Figure 2. GC×GC-μECD (A) reconstructed chromatogram from standard solutions and (B) naturally contaminated 
meat pork chromatogram obtained with HT-8×BPX-50. See Figure 1 for colour code identification and for oven 
temperature program. In this case the secondary oven had an offset of 30ºC over the primary oven temperature 
program.  
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