
METHOD FOR THE SIMULTANEOUS ANALYSIS OF PCDD/FS AND
DLPCBS USING DUAL MICROBORE COLUMN GC/HRMS IN SINTER

ASH SAMPLES, ALLOWING THE DETERMINATION OF
'TOTALS' GROUP CONCENTRATIONS
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OVERVIEW

Purpose

● To provide a rapid method for the simultaneous
determination of the WHO-PCBs and PCDD/Fs,
plus all non-target tetra-hepta chlorinated PCBs
and non 2,3,7,8-Chlorinated PCDD/Fs.

Method

● EBE geometry double focussing magnetic sector
mass spectrometer.

● Staggered splitless injection using dual microbore
capillary GC columns

Results

● 50 to 150% time saving based upon standard
laboratory methods, with total run time of 50.5
minutes.

● Limits of detection and overall sensitivity
maintained when compared with single column
methods.

INTRODUCTION

Typically in the UK and Europe, all non-target PCBs,
PCDDs and PCDFs must be reported as totals groups
i.e. total tetra-furans, for environmental samples.
Sinter ash samples contain high levels of these non-
targeted congeners, and can be more difficult to
analyse by 'faster' GC methods.

Typical laboratory methods for the determination of
WHO-TEQs require a minimum of at least 2 sample
injections, whilst using a 60m 0.25 DB5ms type GC
column. The ability to combine some extracts and
inject to 2 GC columns in one injection event can
greatly reduce the time taken to obtain a result. The
use of 40m 0.18 columns also gives greater
chromatographic resolution, when compared with a

60m 0.25 column, allowing faster GC temperature
ramps to gain equivalent separation.

The use of staggered injections to each of the
columns further increases the separation of PCBs from
PCDD/Fs, allowing the final non-target hepta-PCBs to
be acquired before the first tetra-PCDFs elute and
also ensures that all chlorinated diphenyl ethers
present in the PCB extracts have eluted before the
corresponding PCDFs are acquired.

METHODS

All analyses were performed using a Micromass
AutoSpec-Ultima NT EBE geometry double focussing
mass spectrometer controlled using MassLynx version
4.0 software. The mass spectrometer was operated in
electron impact mode at a resolving power of greater
than 10,000 at an electron energy of 33eV and
filament current of 600µA.

Voltage Selected Ion Recording mode was used,
monitoring the masses detailed below.
Chromatography was achieved using an Agilent
6890 gas chromatograph fitted with a CTC GC-PAL
autosampler controlled using CTC cyclecomposer
software.

Chromatographic conditions

Front injector: J&W DB5-ms, 20m, 0.180mm ID,
0.180µm film. 

Back injector: Restek RTX5, 40m, 0.180mm ID,
0.180µm film.

Front injector: 280°C, splitless, purge time 5min,
Helium flow 0.8ml/min constant
flow.

Back injector: 280°C, splitless, purge time 5min,
Helium flow 0.6ml/min constant
flow.
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Oven temperatures

Time (min) Rate (°C/min) Temperature (°C)
5 0 140
0 11.0 220
0 1.4 260

4.0 6.3 310

The autosampler control was set up such that
injections of the DLPCB fractions were made to the
front injector (20m column) and 2.4 minutes later the
PCDD/F fractions were injected to the back injector.
Both injections were of 1µl volumes.

Voltage SIR experiment

A six function VSIR experiment was used, acquiring
the most abundant fragments from the molecular ion
cluster for the compounds detailed in Table 1. The
Acquisition function start and end times were set such
that the last eluting non-target hepta-PCB had eluted
before the first non-target tetra-PCDF.

Function Number Compounds monitored
1 Tetra-Hepta PCBs
2 Tetra PCDD/Fs, Penta-PCBs, Hexa 

CDPEs
3 Penta PCDD/Fs, Hexa-PCBs, 

Hepta CDPEs
4 Hexa PCDD/Fs, Octa CDPEs
5 Hepta PCDD/Fs, Nona CDPEs
6 Octa PCDD/Fs, Deca CDPEs

Table 1   Instrumental acquisition experiment

Preparation of Standards and concentrations

The PCDD/F (EPA1613 CS1-CS5) standards were
obtained from Cambridge Isotope Laboratories, the
WHO PCB standards were obtained from Wellington
Laboratories. Prior to analysis 20µl of the PCDD/F
CS1 standard was combined with 20µl of the WHO
PCB CS2 standard, this process was repeated for the
other corresponding standards i.e. CS5 (PCDD/F)
combined with CS6 (WHO-PCB).

The WHO-PCB standards CS2 to CS6 were injected
as received on the 20m column; the combined
PCDD/F and PCB standards were injected onto the
40m column.

Comparative sensitivity

Firstly the comparative sensitivity whilst having more
than one GC column directly interfaced into the mass
spectrometer was investigated. The chromatograms in
figures 1-3 demonstrate the signal to noise ratios
obtained for 100fg 2,3,7,8-TCDD when injected
using a standard 30m 0.25mm ID DB5ms GC
column (Figure 1), 100fg 2,3,7,8-TCDD injected onto
both 20 and 40m columns, with a total helium flow
rate of 1ml/min (Figure 2) and 100fg 2,3,7,8-TCDD
injected onto both 20 and 40m columns, with a total
helium flow rate of 1.8ml/min (Figure 3).

Figure 1. 100fg 2,3,7,8 injected onto a 30m
0.25mm ID DB5ms column

Figure 2. 100fg 2,3,7,8 injected onto both 20
and 40m columns, with a total helium
flow rate of 1ml/min
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Figure 3. 100fg 2,3,7,8 injected onto both 20
and 40m columns, with a total helium
flow rate of 1.8ml/min

Initial calibration

Presented in Table 2 are the calibration curve
statistics, and automatically generated limits of
detection reported from QuanLynx for the 12-target
WHO-PCBs and 17 2,3,7,8-Chlorinated PCDD/Fs,
based upon a 10g sample. As can be seen, the
calibration curves obtained all fit well within
legislative limits, with all percentage relative standard
deviations calculated to be less than 5%.

Examples of the calibration curves obtained are
presented in Figures 4 and 5, showing one of the first
(PCB-81) and one of the last (OCDD) eluting target
peaks. 

Congener RRF Mean RRF %Rel SD LOD (pg/g) LOD (pg/g-WHO-TEQ) WHO-TEF

PCB-81 1.07 3.24 0.0009 0.00000009 0.0001

PCB-77 1.09 4.05 0.0009 0.00000009 0.0001

PCB-123 1.02 4.78 0.001 0.0000001 0.0001

PCB-118 1.06 2.52 0.001 0.0000001 0.0001

PCB-105 1.05 1.09 0.0011 0.00000011 0.0001

PCB-114 1.02 3.34 0.0011 0.00000055 0.0005

PCB-126 1.04 2.37 0.0015 0.00015 0.1

PCB-167 1.06 2.36 0.0009 0.000000009 0.00001

PCB-156 0.98 4.89 0.0011 0.00000055 0.0005

PCB-157 1.01 2.06 0.0011 0.00000055 0.0005

PCB-169 1.01 2.68 0.0009 0.000009 0.01

PCB-189 1.01 2.93 0.0015 0.00000015 0.0001

2378-TCDF 1.09 4.09 0.0015 0.00015 0.1

12378-PeCDF 1.03 3.87 0.0018 0.00009 0.05

23478-PeCDF 1.01 4.44 0.0019 0.00095 0.5

123478-HxCDF 1.24 1.89 0.0025 0.00025 0.1

123678-HxCDF 1.28 2.94 0.0024 0.00024 0.1

234678-HxCDF 1.07 2.16 0.0029 0.00029 0.1

123789-HxCDF 0.91 4.09 0.0034 0.00034 0.1

1234678-HpCDF 1.48 1.98 0.0018 0.000018 0.01

1234789-HpCDF 1.30 4.62 0.0021 0.000021 0.01

OCDF 1.29 4.39 0.0043 0.00000043 0.0001

2378-TCDD 1.12 0.96 0.0016 0.0016 1

12378-PeCDD 1.05 2.50 0.0029 0.0029 1

123478-HxCDD 1.15 3.34 0.0037 0.00037 0.1

123678-HxCDD 1.09 4.00 0.0039 0.00039 0.1

123789-HxCDD 1.14 4.33 0.0037 0.00037 0.1

1234678-HpCDD 1.00 3.56 0.003 0.00003 0.01

OCDD 1.08 2.94 0.0038 0.00000038 0.0001

Total WHO-TEQ 0.008

Table 2  Calibration curve and limits of detection
for dual column five point calibration 

Figure 4.  PCB 81 calibration curve
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Figure 5.  OCDD calibration curve

Chromatographic Separation

The use of the staggered injection allowed the total
separation of the Chlorinated diphenyl ethers that are
present in the PCB extracts from the target PCDFs
with which they interfere. This also allowed the
determination of the 'totals' groups for all levels of
chlorination for PCBs, PCDDs and PCDFs. Figure 6
shows the extracted chromatograms for a sinter ash
extract, demonstrating the separation of the hepta
PCBs from the tetra-TCDFs.

Figure 6.  Sinter ash extracted chromatograms

CONCLUSIONS

● The use of dual columns and staggered
injections allows the determination of all target
and non-target tetra-hepta PCBs, and tetra-octa
PCDD/Fs, from a single injection event, in less
than 53 minutes.

● Interfacing two GC columns directly into the ion
source of the instrument does not reduce limits
of detection for any of the target compounds.

● The timesavings to be gained by the application
of a method of this type could greatly increase
the throughput of analytical laboratories, whilst
also maintaining the same confidence in results
as for standard methods.
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