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PREFACE

The Regional Seas PrograMme was initiated by UNBP in 1974. Since
then the Governing Council of UNEP has repeatedly endorsed a regional
approach to the control of Marine pollution and the Management of Marine
and coastal resources and has requested the development of regional
action plans. The Regional Seas Programme at present includes ten
regions and has over 120 coastal States participating in it. (1), (2)

One of the basic components of the action plans sponsored by UNEP
in the framework of the Regional Seas Programme is the assessment of the
state of the Marine environment and of its resources, and of the sources
and trends of the pollution, and the impact of pollution on human health,
marine ecosystems and amenities. In order to assist those participating
in this activity and to ensure that the data obtained through this
assessment can be compared on a world-wide basis and thus contribute to
the Global Environment Monitoring System (GEMS) of UNBP, a set of
Reference Methods and Guidelines for marine pollution studies are being
developed and are recommended to be adopted by Governments participating
in the Regional Seas Programme.

The methods and guidelines are prepared in co-operation with the
relevant specialized bodies of the United Nations system as well as other
organizations and are tested by a number of experts competent in the
field relevant to the Methods described.

In the description of the Methods and guidelines the style used by
the International Organization for Standardization (ISO) is followed as
closely as possible.

The Methods and guidelines, as published in UNEP's series of
Reference Methods for Marine Pollution Studies, are not considered as
final. They are planned to be periodically revised taking into account
the development of our understanding of the problems, of analytical
instrumentation and the actual need of the users. In order to facilitate
these revisions the users are invited to convey their comments and
suggestions to:

International Laboratory of Marine Radioactivity
International Atomic Energy Agency
c/o Musee Oceanographique
MC98000 MONACO

which is responsible for the technical co-ordination of the development,
testing and intercalibration of Reference Methods.

(1) UNEP: Achievements and planned development of the UNEP's
Regional Seas Programme and comparable programmes
sponsored by other bodies. UNEP Regional Seas Reports
and Studies No. 1 UNEP, 1982.

(2) P. HULM: A Strategy for the Seas. The Regional Seas Progr
Past and Future UNEP, 1983.
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1. SCOPE AND FIELD OF APPLICATION

This reference method deals with the determination of DDTs and PCBs
in marine environmental samples using high resolution gas
chromatography. Several other halogenated pesticides and other electron
capturing organic compounds may be present in samples and many of these
may also be determined by this method. Prior to using the method for
contaminants other than the compounds described here the analyst must
test his own recovery and analytical reproducibility for every residue
quantified. Not all electron capturing residues will be resistant to all
of the clean up procedures described here for the analysis of DDTs and
PCBs. Therefore additional information on the stability of some common
pesticides using this methodology is also provided.

The high separation power of open tubular ("capillary") columns
allows the identification and quantification of many compounds in the
complex mixtures occurring in environmental samples. This manual
provides information on the theoretical and practical aspects of the use
of these high resolution columns for the analysis of DDTs and PCBs in
environmental samples.

The qualitative and quantitative method can be applied to any
sample type (aerosol/vapour, water, particulates, biota, etc.) provided
that suitable cleanedup extracts dissolved in n-hexane are available for
injection into the GC system. For example, methods for obtaining these
cleaned-up sample extracts from marine organisms are described in detail
in UNEP Reference Method no. 14 and for sediments in No. 17.

Many of the 209 possible PCB congeners can now be separated from
interfering compounds and thus be determined as individual compounds,
using one capillary column only. SE--54 has been selected as the coating
material. Therefore, as well as determining whether PCBs are present in
measurable quantities and whether hot spots can be, identified (similar to
the possibilities offered hy the use of packed column GC) additional
valuable information on the composition of the usually complex mixture of
congeners representing "total PCB" is also possible. This information is
the basis for understanding the sources, distribution, transport
pathways, sinks, degradation mechanisms and effects on organisms of these
individual congeners. It eliminates the ambiguities associated with the
use of packed columns.

The change in the field of application by analysing by capillary
rather than packed columns may be less dramatic for DDTs. However, with
the increased separation, the possibilities of inaccurate analysis
resulting from overlap with interfering compounds is reduced.

REFERENCES
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FREEMAN, R.R. (Ed) (1981) High resolution Gas Chromatography, Hewlett
Packard Co.

MULLIN, M.D., POCHINI, C. McCRINDLE, S., ROMKES, M., SAFE, S.H. and SAFE,
L.M. (1984) High resolution PCB analysis: Synthesis and
chromatographic properties of all 209 PCB congeners. Env. Sci
Techno1., 18, 468-476.
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Users. Nat. Bur. Standards Special Publication 260-100. U.S.
Dept. of Commerce.

WIDEQVIST, U., JANSSON, B., REUTERGARDH, L. and SUNDSTROM, G. (1984)
The evaluation of an analytical method for polychlorinated
camphenes (PCC) in biological materials using an internal standard.
Chemosphere, 13, 367-379.

3. PRINCIPLES

After clean-up of the extracts of marine samples by adsorption
chromatography (UNEP Reference Method No. 14) fractions are analysed by
high resolution gas liquid chromatography (HRGC) with electron capture
detection (ECD). As many PCB congeners and DDT compounds are separated
and quantified as individual peaks as is feasible and practical. The
method relies on splitless injection of up to 50 ng per compound on a
small-bore SE-54 coated, 25m open tubular fused-silica column under
optimum conditions of carrier gas type, flow and temperature conditions.
Standards of well defined composition are used for peak identification
and quantitation and to establish optimum chromatographic performance.
Confirmation and quantification of the DDT series is accomplished by a
dehydrochlorimition procedure where the p,p'-DDE peak is measured before
and after oxidation with concentrated H2SO4/SO0 (fuming sulphuric acid).
Internal standards are used where required for accuracy assurance (see
section 8).

4. REAGENTS

All reagents, including distilled water should be of well defined
analytical quality. Their use must result in an adequate signal to noise
ratio with the electron capture detector. All reagr-nts must be checked
for their ECD response individually and by determining complete
procedural blanks. If contaminants are detected, the solid reagents must
be cleaned by extracting them with pure solvents and/or by heating
overnight at 260°C to 300°C. All solvents should be "distilled in glass"
quality and pre-tested for their suitability for organochlorine residue
analysis. They may require redistillation in the laboratory on a routine
basis.

4.1 n-hexane

4.2 Fuming sulphuric acid, sufficiently concentrated to remove the
p,p'-DDE peak
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4.3 PCBreference_solutions_pf_commercial_Bixtures

Prepare stock solutions of Aroclor 1254 and Aroclor 1260 by
dissolving 100 mg Aroclor in 100 ml iso-octane. Store stock solutions in
sealed glass ampoules.

4.4 Individual_PCB_congener_referencesolution

Stock solutions containing individual congeners in iso-octane are
available, such as PCB 1 (IOC-KIEL) and CLB 1 (NBC). See section 11 for
details.

4.5 DDT_ref erence_soH;t ions

Prepare a stock solution of the DDT series (p,p'-DDT, p,p'-DDE,
p,p'-DDD) by dissolving 10 mg of each compound in 100 ml iso-octane.
Store stock solution in sealed glass ampoules.

4.6 Ethanolic potassium hydroxide solution (saturated). If distilled in
glass quality ethanol is unavailable, methanol can be substituted.

NOTE: Working solutions from the stock reference solutions should be
prepared on a regular basis and stored in clean glass volumetric flasks
tightly capped with non-contaminating materials such as teflon or glass.
Extreme care must be taken to ensure that standards have not changed in
concentration due to solvent evaporation. This should be done by
accurate records of solution weights.

5. APPARATUS

5.1 Narrow-bore (0.22mm internal diameter1*, 25m fused-silica open
tubular column, coated with SE-54 (0.15 urn film thickness, preferably
chemically bonded) with sufficient resolution to separate the relevant
peaks in the standards provided for PCB analysis.

5.2 Gas chromatograph with a split/splitless injection system, separate
regulation systems for inlet and column pressures and temperatures;
•ultiramp temperature programming facilities (preferably microprocessor
controlled), electron capture detector interfaced with the column with
electronic control unit and pulsed mode facilities. An integrator with a
short response time (0.25 s) is essential.

5.3 Carrier gas should be high purity I^- If this is not available high
purity He may be used. Gas purification traps should be used with
molecular sieves to remove oxygen, moisture and other interfering
substances.

5.4 Ar/5\CH/j high purity gas as ECD make up gas is preferable, however
high purity N2 (99.99+*) may also be used but will result in less
sensitivity.
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6. GAS CHHOMATOGRAPHY AND ELECTRON CAPTURE DETBCTION

6.1 QC_coluBn

6.1.1 Column characteristics: Fused-silica columns are the
columns of choice for their inertness and durability (they are extremely
flexible). They are made of Material that is stable up to 360°C. The 1*
vinyl 5% phenyl methylsilicone gum (SE-54) liquid phase, is present as a
thin (0.15 JHB) uniform film which can tolerate temperatures up to 300°C.
SE-54 is relatively resistant to detrimental effects of solvents, oxygen
and water at least at low temperatures. These columns are even more
resistant and durable if the liquid phase is chemically bonded by the
manufacturer.

6.1.2 Column installation: The flexible fused-silica columns can
be conveniently connected directly to the inlet and outlet systems
without the transfer lines used in conventional glass capillary
chromatography which often leads to increased dead volume. Low bleed
graphite (vespel) ferrules provide a good seel.

6.1.3 Column conditioning: The presence of extraneous peaks and
elevated base-line drift will result in poor detector performance. This
can be caused by components which elute from the column, such as residual
solvents and low molecular weight liquid phase fractions on new columns
and a build-up of later eluting compounds on old columns. Conditioning
is a necessary step to remove these contaminants. New columns are
connected to the inlet (while left unconnected to the detector * (CAUTION,
IF H 2 IS USED AS A CARRIER GAS POSITION THE COLUMN END OUTSIDE OF THE
OVEN), flushed with carrier gas at low temperature for 15 minutes to
remove oxygen from the column, heated at 70-100°C for 30 min. and finally
at 170°C overnight. The column can then be connected to the detector.
Old columns can be heated directly at elevated temperatures overnight.
The final temperature is selected as a compromise between time required
to develop a stable baseline and expected column life. Thus, it may be
necessary for older columns to be heated to the maximum temperature of
the liquid phase resulting in shorter column life. The temperature of
the ECD, when connected to the column, should always be at least 50°C
higher than the column, in order to avoid condensation of material onto
the detector foil. It is essential that carrier gas flows through the
column at all times when at elevated temperatures. Even short exposure
of the column to higher temperature without sufficient flow will ruin the
column.

6.1.4 Column test: Column performance tests should be carried out
at regular intervals according to the procedure outlined in section 9 and
a continuous record kept in a log book.

6.1.5 Column maintenance: The column remains in optimum condition
as long as the liquid phase exists as a thin, uniform film. This
requires that the interactive forces between the film and the inside wall
of the capillary column dominate over the cohesive interaction within the
liquid phase. Conditions which favour the deterioration of the film
are; 1. exposure to high temperatures 2. insufficient gas flow at
elevated temperatures and 3. sample components which have stronger
attractive interaction with the column wall than the liquid phase. The
quality of the film at the inlet side may suffer from repeated splitless
injections. Decreased column quality may be remedied by the removal of
parts of the column (0.1-1M) at the inlet side and/or by heating to the
upper limit of liquid phase stability. One should be aware of selective
adsorption that can happen with contamination of the column at the
detector end. This can be remedied by removal of a small portion of the
column at the detector end. Chemically bonded liquid phases require less
maintenance.
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6.1.6 Inlet and injection: The inlet/injection system should
allow introduction of the sample onto the column with minimum change in
composition (discrimination). In the split mode, only a small, preset
fraction (typically in the order of 1%) of the total amount injected
reaches the column. This is an appropriate method for the analysis of
major components of mixtures. However, for the determination of
components that are present at trace concentrations, it is essential that
the entire amount injected is transferred to the column. This is
accomplished in the splitless mode, using essentially the same injector
with a few modifications. In the splitless injection technique, 0.5-3 ul
sample is introduced into a glass liner in the injector, where flash
vaporisation takes place at 200-250°C (The temperature should be high
enough to allow rapid evaporation of solvent and solutes but it should be
low enough to minimize septum bleed and the destruction of labile
compounds such as p,p'-DDT). The solutes are concentrated on the column
as a small band at the inlet, which is kept at a temperature 10-30°C
below the boiling point of the solvent. This creates an area of
increased solvent concentration, focusses the sample and results in
increased resolution, known as the "solvent effect".

The movement of solvent and solutes from the injector to the column
inlet is carried out under low carrier gas flow rate in order to minimize
dilution of solute with carrier gas. For the same reason, injected
volumes should not be under 0.5 pi. After transfer of essentially the
entire amount of solutes to the column (usually 20-60 seconds, to be
2P§r§tipnally_determ2ned_for_o£t2mum r?§u2is), the injector is flushed
with increased carrier gas flow, which removes the remaining solvent. In
this way, tailing of the early eluting compounds is avoided. The loss of
components of interest is negligible by this technique. In order to
minimize contamination of the column by products derived from septa, the
inlet is purged continuously except during injection. The column
temperature can then be increased at a rate, selected as a compromise
between efficiency and length of time required for a given separation.
(Note: the concentration effect at the column inlet can also be affected
by a condensation technique which involves keeping the column inlet at a
sufficiently low temperature. This technique is effective for compounds
with boiling points at least 150°C above the column temperature.
Compounds with lower boiling points need a "solvent effect" for
concentration at the column inlet).

6.1.7 Carrier gas: Suitable carrier gases for electron capture
detection are nitrogen, hydrogen and helium. The •aximum separation
efficiency is slightly higher for N2 than for Ho and He, but the
corresponding average linear gas velocity is considerably lower for No-
Similar resolution can be obtained when Ho or He are used resulting in
much shorter GC runs. As the change in resolution with variations in gas
velocity is lowest for H2, it is the preferred carrier gas. Care must be
taken to prevent H2 from entering the GC oven at high flow rates,
therefore tests for leaks are a mandatory part of operation. Also, the
use of electronic flow rate controllers to check carrier gas flow and
emergency shut off valves are highly recommended.

6.1.8 GC conditions and optimisation: Resolution and time
required for a chromatographic run depend essentially on the interaction
of six parameters: column internal diameter O.film thickness d, column
length L, carrier gas type and average velocity V and temperature T.
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A smaller 0 results in increased capacity ratios, and thus in better
separations at the cost of longer analysis times. Alternatively, t imp
can be unchanged with a correspondingly smaller L and/or higher V and T.
The selection of column properties specified in section B.I.I, represents
a useful compromise between resolution and analysis time. Changes m 0
and d have considerably more effects on separation efficiency than column
length (the opposite is true with packed columns). With 0, d and L fixed
by column selection, and Ro selected as the carrier gas, V and T have to
be optimised for the separation problem at hand. There are many
variations of temperature programming rates etc. for each type of
compound to be analysed. Appropriate chromatographic conditions foi the
analysis of DDTs and PCBs are the following:

a. H2 or He carrier gas at inlet pressure of 0.5 to 1.0 kg cm *- to
achieve a flow rate of 1 to 2 ml min ̂

b. make up gas Ar/CH^ 30 ml roin
c. ECD temperature 320°C
d. injector 230°C
e. septum purge 3 ml min *
f. injector purge 20 ml min"~'
g. temperature programme 60°C hold 5 min then 4°C min ^ to 260°C

followed by a 15 min hold at 260°C.

6.1.9 Column test: The degree to which closely eluting congeners
are separated by the column is used as criterion for column performance.
Suitable pairs of congeners are present in both standards mentioned in
4.4. Also, Aroclors may be used for this purpose.

6.2 Electron capture detector

The electron capture detector is an extremely sensitive tool for
analysis of organochlorine compounds, about five orders of magnitude more
sensitive than for hydrocarbons. An equilibrium concentration of thermal
electrons is supplied by repeated collisions of high-energy electrons
emitted by a radioactive source within the detector ("^Nil* with carrier
gas molecules. The thermal electrons can be captured by sample
molecules. The resulting reduction in cell current provides the signal.
The range of sample concentrations where the response of an ECD is linear
with concentrations of electroncaptive compounds is extended considerably
in the constant current, pulsed voltage mode. The constant current
results from the modification of the frequency of polarizing pulses to
the cell electrodes. The optimum flow for- an ECD (30 ml min ') is much
higher than carrier gas flow through the column of one or two ml min .
Thus, an additional detector purge flow is necessary (Ar/CH^ or1 N^).
Once leaving the outlet of the column the compounds have to be taken up
into an increased gas flow in order to avoid extra volume band broadening
within the detector. Thus, the detector purge flow also serves as sweep
gas. As the ECD is a concentration dependent detector, the detector flow
must compromise between low band broadening and high concentration of
compounds within the detector-.

•NOTE: The use of a tritium detector is not recommended. If its use
cannot be avoided, be sure to ventilate the gasstream to the outside
atmosphere. Under no circumstance should a "Ni or ^H detector be
serviced in the laboratory. It should he serviced by a specialized and
authorized laboratory only.
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High boiling organic compounds eluting from the column may be
deposited in the detector. This contamination results in lower
sensitivity. The effects are less serious at higher detector
temperatures. Periodic heating to 350°C overnight assists in maintaining
detector performance. The Ni"3 ECD can be used routinely at 320°C with
relatively limited contamination. Oxygen, even at trace levels, has a
detrimental effect on ECD performance. This is especially true at higher
temperatures. The standing electrode current must be checked regularly
according to the manufacturers manual and performance data should be
recorded in a log book to maintain a permanent record.

Phthalates are common in the atmosphere and in plastic tubing, they
may therefore be artefacts when detected in natural samples. Their
source should be identified and their presence should be eliminated.

7. IDENTIFICATION, VERIFICATION AND CONFIRMATION

The mosA widely used information for identification of a peak is
its retention time, or its relative retention time (i.e., the adjusted
retention time relative to that of a selected reference compound).
Retention behaviour is temperature dependent and comparison of retention
times obtained at two or more temperatures may aid in determining a
peak's identity- However, retention times are not specific and despite
the high resolution offered by capillary columns, two compounds of
interest in the same sample may have identical retention times.

Strong additional evidence is obtained from comparison of retention
times obtained on two columns of different polarities, and from
application of chemical reactions such as saponification, treatment with
Raney nickel, dechlorination reactions, treatment with basic ethanol or
oxidation with fuming sulphuric acid. The effects of the latter two
methods on composition are summarised in Table 1.

Confirmation of p,p'-DDT and p,p'-DDD involves dehydrochlorination
with ethanolic KOH solution. The p,p'-DDT is transformed to p,p'-DDE and
p,p'-DDD is converted into p,p',-QDMU. After GC/ECO analysis of the
second fraction of the silica column, add 1 ml of methanol and one pellet
of KOH to an aliquot of the extract in a concentrator tube equipped with
a Snyder column. Heat for 30 minutes. Allow the mixture to cool, remove
the Snyder column, add 10 ml of clean distilled water and 1 ml
iso-octane. Put a stopper on and extract by shaking vigorously for 5
minutes. Centrifuge to separate the phases. Remove the hexane and dry
the extract by passing it through a pasteur pipette plugged with glass
wool which contains a few grams of purified Na^SO^. Concentrate the
extracts to an appropriate volume for GC analysis. The volume required
to obtain sufficient response may be as low as lOO/il- The final
reduction in volume can be facilitated by using a gentle stream of high
purity No over the- solvent (if this is not available, dry purified ait-
may be substituted).
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The p,p'-DDE is usually present at appreciably higher
concentrations than the other members of the DDT family. Its
contribution can be distinguished qualitatively and quantitatively from
that of PCB components eluting at the same time in the first silica
fraction, by using fuming sulphuric acid as an oxidising agent. This
removes p,p'-DDE but does not affect the PCBs. After ECD/GC analysis of
this fraction, 1 ml of this oxidising agent is added to an aliquot of the
sample extract. The two phases are shaken vigorously in a stoppered
glass tube for 2 minutes. The phases are allowed to separate and the
upper layer is removed for injection into the GC. The decrease in the
peak at the appropriate retention time is a measure of the concentration
°f PiP'-DDE originally present in the extract.

Table 1: Stability of compounds to different treatments

Compound Treatment

Transfonnat i on
H2S04 KOH/EtOH product

HCB + +

Jf-HCH (lindane) +

A-HCH +

B-HCH +

chlordane

dieldrin - +

dioxin + +

p,p'-DDD + - p.p'-DDMU

p,p'-DDT + p,p'-DDE

PCBs + +

Toxaphene +

Phthalate esters

+ Stable against treatment

- Not stable against treatment
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Probably the most conclusive method for identification and
distinction of compounds with identical retention times are mass
spectrometric methods. Mass fragmentography is especially useful and can
be applied to the eluate of a capillary column which is coupled directly
to the mass spectrometer (GC/MS or GC/MS/MS).

Generally, the qualitative composition of any sample matrix in a
particular geographic region does not vary dramatically even over
relatively long periods unless the region is subject to an acute input of
a particular contaminant. Once the composition of each peak has been
determined unambiguously with any of the techniques indicated above,
identification in routine analyses of a series of such samples can
usually be made on the basis of retention time data performed with only
one column type.

Retention time determinations with modern GC equipment, including
electronic integrators with fast response times (0.25 seconds) can be
carried out with a precision of 0.001-0.003 min. Identification of a
considerable number of compounds can be carried out by comparison of
retention times in chromatograms of the sample and one or more mixtures
of the compounds of interest. Some peaks in the first eluting fraction
of the silica preparative column may originate from PCR congeners which
are not present in the standards. Comparisons with chromatograms of one
of the Aroclor mixtures run under identical chromatographic- conditions
(section 9) assists in their identification.

8. QUANTIFICATION

The main method for quantification of compounds uses either
internal and/or external standards. In the external standard method,
absolute response factors are determined by independent chromatographic
runs of standards in known concentrations. These response factors are
used to calculate the concentrations of compounds in the sample extract.
The external standard method can be used when peak areas or heights are
highly reproducible. Internal standards are added to the samples,
preferably in a concentration range to produce a similar response on the
ECD as the contaminants present in the samples. Preliminary range
finding analyses are necessary to determine the amount of interiinl
standard to be added to the samples. The addition has to take place in a
highly reproducible way. The internal standard method is calibrated in
terms of response ratios, involving standards that do not occur in the
environmental samples, do not interfere with the compounds of interest,
are stable to all procedures applied to the samples and behave similarly
to the compounds of interest. The recovery of the internal standard is
used to more accurately assess the fraction of total sample injected.
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The reproducibility of area counts from the integrator using the
splitless injection technique can be as good as a few percent relative
standard deviation (RSD). Under such conditions, the external standard
method is reliable. Several injections should be made of standard
solutions containing a range of concentrat ions, allowing the
determination of the linear range of detector response and the response
factor of each compound. The calibration mixture must be analysed under
the same instrumental conditions used for the samples. Differences in
sensitivity of the detector for different compounds arc accounted for- by
using the individual response factors. The amount, injected, therefore
has to be highly reproducible. This system has to be calibrated
frequently and therefore instrumental (column) drift is minimised.

After comparison of the retention times of peaks in the sample
chromatogram to those of a corresponding standard, peak heights (or
areas) are measured. The concentration of a particular compound is then
calculated using the following formulas. As an example, the
concentration of a compound in biological tissue, calculated as ug g
wet weight is as follows:

First, the response of the KCD to each compound to be quantified is
calculated from an injection of standards. The response factors (RFs)
are calculated as

HF C_. x V-t x 1

"fi.l' (<>
where hgj_ - peak height of the compound in the standard (mm)

Vsj. - volume of the standard injected (̂ ul)
Cs£ - concentration of the standard (ng ul ')

The RFs are thus tabulated as ng mm , or if an area is measured hs^ is
replaced by a ^ and the RFs are tabulated as ng per unit area.

Second, from a known aliquot of the sample injected the response of
the ECD to each peak to be quantified is measured (peak height in mm,
h s a - ) . Note that integrator areas are usually reported independently of
the chart attenuation. But if peak heights or areas are measured by
hand, then the chart attenuation must be the same between standard and
sample injections or an appropriate correction included in the
calculations.

Third, perform the following calculation for each peak

hsa_ x RF x _A_ x 103 x _l_ Csam
V s a, M (2)

where h s a a - peak height of the compound in the sample (mm)
V 3 a — voliaae of the sample; extract injected (
M - wet weight of the sample (g)
A = total volume of the sample extract (in ml)
C s a — - concentration of the Analyte in the sample (ng g~' wet

weight)

Again h s a a can be replas -i with asam and the RF expressed in area
units applied.

The quantity (_A x 10**) is the inverse fraction of the total
vsam

sample analysed and canoe termed the dilution factor or XF.
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If an internal standard is included in the staple it is used to
determine the losses of analyte throughout the analytical procedures.
The response factor of the internal standard is determined in the same
•anncr as the external standards to yield RF^S. The height or area of
the internal standard peak in the sample chromatogram is then Measured
(hjs). The following correction factor is then derived:

IS x _ _ ] _ x _1__ XFis

(3)

where IS is the total amount of internal standard that was added to the
sample (in ng). This new dilution factor, XF;S, which now incorporates
all losses, replaces XF in the calculation of peaks in the sample.' If no
losses have occurred, XFjs - XF.

Working solutions of standards are made up in iso-octane,
containing:

1. F*CB congeners, which can be analysed unambiguously as
individual compounds in the samples of interest. Some
certified standard mixtures are presently available, such as
CLB 1 (NHC) and PCB I (IOCKIKL). Dilute the stock solutions
according to the prescriptions given in the papers
accompanying the standards.

2. p,p' DDE which appears in the first silica fraction (together
with PCBs). Dilute the stock solution by a factor of 10.000.

3. Other members of the DDT famrily which appear in the second
silica fraction. Dilute the stock solution by a factor of
10.000.

4. Any other pesticides which have been tested for recovery and
stability through the analytical procedures.

The relative concentrations of the various compounds in each
mixture should be selected to obtain similar responses at the detector
(as KCI) response varies between residue compounds) so that the
calibration chromatogram will consist of a series of easily measurable
peaks for quantification. This has been accomplished for the PCB
congeners already. The materials from which standards are prepared
should be of high purity otherwise specific impurities may accumulate in
standard mixtures. Tt is difficult to maintain fixed concentrations of
standards in glass tubes over long time periods unless they are
heat-sealed. The weight of bottles in which standards are stored should
therefore be determined and recorded. If possible, an aliquot of the
original standard should be sealed in an ampoule for later reference.
The best results are obtained using an ampoule with a long neck. The
heat sealing is done with a fine gas burner while the bottom of the
ampoule is cooled to at least -10°C. This procedure should prevent the
formation of decomposition products and their condensation on the inside
of the ampoule.
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9. PRECISION AND ACCURACY

A good way to estimate the precision of the entire analytical
procedure is by the extraction of several subsamples of the same sample.
If the relative standard deviation of the jig residue kg~* wet weight
values is greater than 20% of the Bean, then evaluate the whole procedure
for possible errors and contamination.

By participation in intercalibration exercises involving several
analytical laboratories, the relative agreement to Mean values and
precision of individual laboratories can be evaluated. All laboratories
wishing to report intercoaparable data especially in regional Monitoring
programmes should take part in intercalibration exercises.

In addition, internal consistency of data and performance quality
over long periods can be assured by a number of good laboratory practice
•easures and performance checks (Taylor, 1985).

9.1 The quality of the carrier gas can be checked by keeping the column
at room temperature at normal flow rates overnight and carrying out a
normal I temperature programmed run. The presence of contaminants in the
carrier gas will show up in the form of extraneous peaks and/or unstable
and increased baseline. The problem may be resolved by regeneration
and/or replacement of the external and internal (GC Mounted) Molecular
sieve gas traps.

9.2 It is also recommended that, a chromatographic run is Made of the
saMe reference solution (which is not necessarily a standard), at regular
intervals, e.g. once a week. The condition of the column and systeM
performance can thus be checked and controlled.

A solution of one of the commercial mixtures of PCBs with high
overall chlorine content is very suitable for this purpose. The
International Atomic Energy Agency, for example, can supply a subsample
of a particular lot of Aroclor 1254. An example of the separation of the
various peaks in this particular Mixture is presented in Fig. 1.

9.3 The standing current of the BCD should be checked regularly
according to the Manufacturer's Manual and recorded in the instrument
performance log book.

9.4 Possible contamination effects should be checked by blank
determinations involving the entire procedure without using the sample.
If significant KCD signals are observed, the contamination problem should
be traced and eliminated (e.g. re-cleaning of glassware, adsorption
materials, solvents, syringes, etc.).

10. REPORTING OF RESULTS

A format Cor reporting analytical results is given in Table 3. The
table should be filled with full details in every entry point. Attach
the relevant sampling and sample preparation protocol (UNEP/FAO/IAEA,
1984).
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The construction of an analysis data reporting format for PCBs is
not without problems. Background information for the selection of the
reporting criteria used here is given below.

The number of PCB congeners which can be analysed accurately under
present conditions is restricted to those that are well separated from
interfering compounds on the SE-54 column. In addition, this is limited
to those congeners that are available as reference compounds in
sufficiently pure forms. The congeners that satisfy these requirements
and that have been identified in environmental samples and commercial
mixtures and that are present in the standard PCB 1 are listed in Table 2.

These components should be identified and evaluated
quantitatively. The concentrations of these compounds in the sample
matrix are calculated according to the formulae given in section 8.
Although a list of concentrations of the major PCB congeners present in
environmental samples represents, both qualitatively and quantitatively,
the most detailed and accurate information on PCBs in the particular
sample, this does not result in the most convenient form for comparison
purposes.. For qualitative purposes, e.g. when comparing the composition
of PCB mixtures from different samples, it would be more convenient to
have data on the relative contribution of each PCB congener in the
mixture. This information can be readily obtained by summing the
concentrations of the individual congeners (PCBsum) and calculating the
percentage of each component in the mixture. The percentage
contributions are not dependent on the way the absolute concentration
(say in pg g ) have been expressed nor whether on a wet, dry or lipid
weight basis. Though the absolute concentration may differ widely,
qualitative comparisons between PCB mixtures in different samples is
facilitated. For example when evaluating the differences in composition
of PCBs in organisms, the dependence on age, sex, season, etc. may play
an important role in the distribution of individual congeners. Thus in
addition to the total PCB concentration, the relative contribution of
each individual congener to PCBsum will provide important information on
the behaviour of the individual congeners in the sample matrix.

PCBsu]n represents the sum of concentrations of the congeners,
accurately quantified individually. ^-^suni therefore approximates the
sum of all congeners present in the sample 'defined as total PCB) and it
can thus serve as the basis for quantitative comparisons of total PCB
concentrations in different samples. Therefore, in addition to
concentrations of individual congeners, the reporting format requires
their sum (PCBsun)) and their percentage contributions to PCBsum.

The principles of this method are illustrated by a simple example,
involving 2 samples and four congeners only.

Congener-
Congener
Congener-
Congener

PCB

A
B
C
I)

sum

Cone,
ug g~

2
4
1

ug g '

Sample 1

Contrib. to

30
20
40
10

Sample

Cone.

5
4
9
2

2 0 -1wg g

2
Contrib. to

25
20
45
10
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PCB s u m is an underestimation of total PCB concentration. The
difference may depend on sample matrix and geographic region, and may
typically be in the 10-30* range. It should also be appreciated that the
sane value of PCBgunl (and of course of total PCB) can represent widely
different PCB compositions. This is the inherent difficulty of
representing the content of PCB with one number.

Therefore, PCBg or total PCB values can only be compared reliably
between samples if the corresponding mixtures are the same. This may be
the case for mussels in different regions, or for different tissues of
the same organism, etc., but it may not apply for water and mussel tissue
even in the same region.

Other congeners may be considered for evaluation as well. For this
purpose, the PCB CBL 1 standards can be used.

11. SOURCES AND DESCRIPTION OF CERTIFIED MIXTURES

The IOC reference solution of PCB congeners PCB 1 fIOC-KIEL) in
iso-octane contains 16 congeners at concent rat ions of about 1 ng/ul.
Requests for a 500 ul vial should be directed to Head of Marine Pollution
and Monitoring Unit, IOC, 7, Place de Fontenoy, 75700 Paris, France.

A set of four mixtures (CLB 1-A, -B, -C, -D) in iso-octane can be
purchased from National Research Council, Atlantic Research Lab., 1411
Oxford Street, Halifax Nova Scotia, B3H 3Z1 CANADA.

Table 2 presents the different PCB congeners present in the PCB 1
and CLB 1 standards.

Other standards may become available soon through National Bureau
of Standards (U.S.A.N.
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Table 2: PCB congeners present in the PCB 1 and CLB 1 standards.
Identification of congeners by numbers (Ballschmiter and Zell, 1980).

PCB 1

18

26

52

49

44

101

151

149

118

138

187

183

128

180

170

194

CLB 1-A

18

54

31

49

44

40

121

86

87

77

153

159

156

209

CLB 1-B

15

52

103

60

154

143

105

182

128

202

173

208

207

205

209

CLB 1-C

15

114

153

137

129

183

185

171

200

191

201

203

189

206

209

CLB 1-D

15

101

151

118

153

141

138

187

180

170

201

196

195

194

209
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Table 3: Result reporting format

ANALYTICAL REPORT

1. Sample Code

2. Determination of dry weight or moisture content in oven

2.1. Duration of drying: hours

2.2. Date of drying (day, month, year):

2.3. DW/WW ratio: or moisture content.

3. Analytical result

3.1. Date (day, Month, year):

3.2. Result:

p.p'-DDT p,p'-DDD p.p'-DDE PCBSUID

ug kg "I WW

of individual

subsanples

ug kg"1 lipid

of individual

subsamples

pg kg'1 WW

mean

stand.dev.

coef.var.

kg ] lipid

mean

stand.dev.

coef.var.
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4.1 Composition of PCB mixture

Congener

jag kg-1 lipid

individual subsamples mean std dev X

* contribution
of average
cone. of
individual
congeners in
average (PCBsum)

_26_

_52_

_49_

_44_

101_

151_

14?_

I18_

138_

I87_

I?3_

I?8_

i?0-

I7Q.

194

PCBsum

ug kg"1 lipid

4.2 Other results:

kg"1

subsamples Mean std. dev. %

p,P' DDT

p,p'-DDD

p,p'-DDE



- 18 -

5. Estimation of accuracy

5.1. Date (day, month, year):

5.2. Type of certified standards used:

5.3. Internal or external standard method used:

6. Anomalies observed during test and other remarks relevant to the
interpretation of results:

7. Quality control intercalibration (give details):

8. Full address of the institution which carried out the analyses:

9. Name(s) and signature(s) of the person(s) who carried out the
analyses:

Date:

Attachment: Sampling and sample preparation protocol relevant to the
analysed samples (UNEP/FAO/IAEA, 1984).
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FIG. 1: GC-ECD of Aroclor 1254, obtained from IAEA/IIMR, Monaco. Note
the separation of peaks 149 and 118, indicating that the
quality of the column is good. The position of the congeners
(identified by numbers, according to Ballschmiter and Zell,
1980) is indicated at the apex of the peak. All congeners
which arv contained in the PCB 1 (IOC-KIEL) standard solution
are indicated, except for Nos. 18 and 26 because they do not
appear in Aroclor 125-1. For their positions, as well as those
of other less well resolved peaks, see e.g., Duinker and
Hillebrand (1983).
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