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1. INTRODUCTION 

The analysis of chlorinated biphenyls (CBs) and organochlorine pesticides (OCPs) in fish samples generally 
involves extraction from the respective matrix with organic solvents, followed by clean-up and gas 
chromatographic separation with electron capture (GC-ECD) or mass spectrometric (GC-MS) detection. 

The analytical procedure is liable to systematic errors due to insufficiently optimized gas chromatographic 
conditions, determinant losses (evaporation, unsatisfactory extraction yield), and/or contamination from 
laboratory ware, reagents and the laboratory environment. It is therefore essential that the sources of 
systematic errors are identified and eliminated as far as possible. 
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In the following paragraphs, the guidelines drafted by the OSPAR Ad Hoc Working Group on Monitoring 
(OSPAR, 1996) have been taken into consideration. 

2. PRE-TREATMENT OF LABORATORY WARE AND REAGENTS; CONTAMINATION CONTROL 

Glassware, reagents, solvents, column adsorption materials and other laboratory equipment that come into 
contact with the sample material to be analysed should be free of impurities that interfere with the 
quantitative determination of CBs and OCPs. 

For cleaning purposes, the following procedures should be followed: 

1. Glassware should be thoroughly washed with detergents, dried with acetone and rinsed with a 
non-polar solvent such as n-pentane, and heated to > 100 oC prior to use. 

2. Glass fibre Soxhlet thimbles should be pre-extracted with an organic solvent. The use of paper 
Soxhlet thimbles should be avoided. Alternatively, glass fibre thimbles or full glass Soxhlet thimbles, 
with a G1 glass filter at the bottom, are recommended. 

3. Solvents should be checked for impurities using GC after concentrating the volume normally used 
in the procedure to 10 % of the final volume. If necessary, solvents can be purified by controlled re-
distillation and rectification over KOH in an all-glass distillation column. 

4. Reagents and column adsorption materials should be checked for contamination before use by 
extraction with an organic solvent (e.g., n-pentane) and analysis by GC, using the detector which 
will also be used for the final determination (ECD or MS). 

5. Laboratory air can also be contaminated with CBs, OCPs or compounds interfering with the CB/OCP 
analysis. A good estimation of the contamination of the air can be found by placing a petri dish with 
2 grams of C18-bonded silica for two weeks in the laboratory. After this period, the material is 
transferred to a glass column and eluted with 10 ml of 10% diethylether in hexane. After 
concentrating the eluate, the CB concentrations can be measured. Absolute amounts of <1 ng show 
that the contamination of the air is at an acceptably low level in that laboratory (Smedes and de 
Boer, 1994). 

3. SAMPLE PRETREATMENT 

To ensure complete extraction of the lipophilic CBs and OCPs from biological sample matrices, it is essential 
to dry the material and disrupt the cell walls of the biological matrix to be analysed. This can be achieved by 
Ultra Turrax mixing or grinding of the sample with a dehydrating reagent, such as Na2SO4, followed by 
multiple solid/liquid extraction with a mixture of polar and non-polar solvents (e.g., acetone/hexane or 
methanol/dichloromethane). It is essential to allow complete binding of the water present in the sample 
with the dehydrating reagent (this requires at least several hours) prior to starting the extraction step. The 
extraction efficiency must be checked for different types and amounts of biological matrices to be 
investigated (see 'recovery section’). 
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4. CLEAN-UP 

The crude extract obtained from sample pretreatment requires a clean-up in order to remove co-extracted 
lipophilic compounds that interfere with the gas chromatographic determination of CBs and OCPs. Normal-
phase solid/liquid chromatography, using deactivated Al2O3 or deactivated silica as adsorbents and hexane 
or iso-octane as solvents, is an appropriate technique for the separation of the determinands from lipids or 
other interfering compounds. 

Effective removal of high molecular weight compounds can be achieved by gel permeation chromatography 
(GPC). However, GPC does not separate CBs from other compounds in the same molecular range, such as 
organochlorine pesticides (OCPs). Therefore, additional clean-up may be required. Treatment of the OCP 
fraction with concentrated H2SO4 can improve the quality of the subsequent gas chromatogram. However, 
this treatment is not recommended if determinands of the dieldrin type or heptachloroepoxides, which are 
easily broken down by H2SO4, are to be determined. 

5. DETERMINATION BY GAS CHROMATOGRAPHY 

Because of the large number of organochlorine compounds to be determined, high resolution gas 
chromatography (GC) using, preferably narrow bore, fused silica wall-coated open-tubular (capillary) 
columns is necessary. 

CARRIER GAS 

Hydrogen is the preferred carrier gas and is indispensable for columns with very small inner diameters. For 
safety reasons, hydrogen should not be used without a safety module which is able to check for small 
hydrogen concentrations inside the GC oven coming from possible leakages. As a compromise to safety 
aspects, helium is also acceptable. 

COLUMNS 

In order to achieve sufficient separation, capillary columns should have a length of >60 m, an internal 
diameter of < 0.25 mm (for diameters below 0.18 mm the elevated pressure of the carrier gas needs special 
instrumentation) and a film thickness of the stationary phase of < 0.25 μm. For routine work, the SE 54 
(Ultra 2, DB 5, RTx 5, CP-Sil 8) phase (94 % dimethyl-, 5 % phenyl-, 1 % vinyl-polysiloxane) or medium polar 
columns (CP-Sil 19, OV-17, OV 1701, DB 17) have been shown to give satisfactory chromatograms. A second 
column with a stationary phase different, from that used in the first column, may be used for confirmation 
of the peak identification. 

INJECTION 

Splitless and on-column injection techniques may both be used. Split injection is not recommended 
because strong discrimination effects may occur. Other techniques such as temperature-programmed or 
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pressure-programmed injection may have additional advantages, but should be thoroughly optimized 
before use. 

In splitless injection, the volume of the liner should be large enough to contain the gas volume of the 
evaporated injected solvent. If the liner is too small, memory effects can occur due to contamination of the 
gas tubing attached to the injector. Very large liner volumes, in contrast, can cause a poor transfer of early 
eluting components. 

A 1 μl injection normally requires a ca. 1 ml liner. The occurrence of memory effects should be tested by 
injection of iso-octane after analysis of a CB or OCP standard. The use of a light packing of silylated glass 
wool in the liner improves the response and reproducibility of the injection. However, some organochlorine 
pesticides such as DDT may disintegrate when this technique is used. In splitless injection, discrimination 
effects can occur. 

The splitless injection time should therefore be optimized to avoid discrimination. This can be done by 
injecting a solution containing an early-eluting and a late-eluting CB, e.g., CB28 and CB180. Starting with a 
splitless injection time of 0.5 minutes, the peak height of the late-eluting compound will presumably 
increase relative to that of the first compound. The optimum is found at the time when the increase does 
not continue any further. The split ratio is normally set at 1:25 and is not really critical. The septum purge, 
normally approximately 2 ml min-1, should be stopped during injection. This option is not standard in all 
GCs. 

Due to the variety of on-column injectors, a detailed optimization procedure cannot be given. More 
information on the optimization of on-column parameters may be obtained from Snell et al. (1987). 

The reproducibility of injection is controlled by the use of an internal standard not present in the sample. 

DETECTOR 

Quantitative analysis is performed by comparing the detector signal produced by the sample with that of 
defined standards. The use of an electron capture detector (ECD) sensitive to chlorinated compounds or - 
more generally applicable - a mass selective detector (MSD) or (even) a mass spectrometer (MS) is 
essential. 

Due to incomplete separation, several co-eluting compounds can be present under a single detector signal. 
Therefore, the shape and size of the signal have to be critically examined. With a MSD or MS used as 
detector, either the molecular mass or characteristic mass fragments should be recorded for that purpose. 
If only an ECD is available, the relative retention time and the signal size should be confirmed on columns 
with different polarity of their stationary phases, or by the use of multi-dimensional GC techniques (de 
Boer et al., 1995; de Geus et al., 1996). 

CALIBRATION 

Stock solutions of individual organohalogen compounds should be prepared using iso-octane as the solvent 
and weighed solid individual standard compounds of high purity (> 99 %). Stock solutions can be stored in 
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measuring flasks in a refrigerator or in a dessicator with a saturated atmosphere of iso-octane, but losses 
can easily occur, particularly when storing in refrigerators (Law and de Boer, 1995). Loss of solvents in stock 
solutions can be controlled by recording the weight and filling up the missing amount before a new aliquot 
is taken. However, aliquots stored in sealed glass ampoules are much more appropriate and can normally 
be stored for several years. Fresh stock standard solutions should be prepared in duplicate and compared 
with the old standard solutions. Working standards should be prepared gravimetrically from stock solutions 
for each sample series. All manipulations with solvents, including pipetting, diluting and concentrating, 
should preferably be checked by weighing. Due to day-to-day and season-to-season temperature 
differences in laboratories and due to the heating of glassware after cleaning, considerable errors can be 
made when using volumetric glassware as a basis for all calculations. 

The GC should be calibrated before each batch of measurements. Since the ECD has a non-linear response 
curve, a multilevel calibration is strongly advised. Megginson et al. (1994) recommend a set of six standard 
solutions for CB determination or five standard solutions for OCP determination. Standards used for 
multilevel calibration should be regularly distributed over the sample series, so that matrix and non-matrix 
containing injections alternate. 

When concentrations of compounds in the sample fall outside either side of the calibration curve, a new 
dilution or concentrate should be made and the measurement repeated. Considerable errors can be made 
when measuring concentrations which fall outside the calibration curve. 

For MS detection, a multi-level calibration is also recommended. 

RECOVERY 

For the purpose of determining recovery rates, an appropriate internal standard should be added to each 
sample at the beginning of the analytical procedure. The ideal internal standard is a CB which is not present 
in the sample and which does not interfere with other CBs. All 2,4,6-substituted CB congeners are, in 
principle, suitable. Alternatively, 1,2,3,4-tetrachloronaphthalene or the homologues of 
dichloroalkylbenzylether can be used. For GC with mass selective detection (GC-MSD), 13C-labelled CBs 
must be used as internal standards. With GC/MS, 13C-labelled CBs should preferably be used as internal 
standards. 
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