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A seaweed sample (Fucus sp. ) was prepared,
homogenised and distributed to laboratories
worldwide as the IAEA-140 intercomparison
material for the analysis of organochlorine
compounds and petroleum hydrocarbons. A
total of 80 laboratories from 51 countries
reported results for this sample. The data
sets reported by laboratories were evaluated
statistically and the mean concentration val-
ues could be computed with 95% con¢dence
limits for a large number of analytes. The
accuracy of the analytical performance
of each laboratory has been introduced
by using Z-scores. The spread of
results reported generally indicates that
the accurate determination of many per-
sistent organic pollutants, such as hexa-
chlorobenzene, lindane, Aroclors or £uor-
anthene, is still dif¢cult for many
laboratories. The ¢nal results of this intercom-
parison exercise enable individual partici-
pants to assess their performance and,
where necessary, to introduce appropriate
modi¢cations in their analytical procedures.
Furthermore, as a series of statistical criteria
was ful¢lled for a number of compounds, the
sample IAEA-140 can now be used as a refer-
ence material for quality control in the deter-
mination of chlorinated compounds and
petroleum hydrocarbons in environmental

samples. z1999 Elsevier Science B.V. All
rights reserved.
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1. Introduction

The accurate determination of organochlorine com-
pounds and petroleum hydrocarbons in marine sam-
ples is fundamental to the assessment of pollution in
coastal and ocean environments. The utility of cert-
i¢ed reference materials (CRMs) in method testing
and validation, and in ensuring the data quality in
environmental analytical chemistry, is widely recog-
nised [ 1,2 ]. However, certi¢ed marine reference
materials are available in very limited numbers with
respect to the matrix type, and are particularly scarce
for organic micro-contaminants. In these circumstan-
ces, interlaboratory analytical comparison exercises
represent an even more essential element of method
testing, and allow the analysts to check the accuracy of
the results. Furthermore, intercomparison exercises
are used as a basic tool to ensure data comparability
at global and regional levels [ 2,3 ].

The Marine Environmental Studies Laboratory
(MESL) of IAEA-MEL has conducted intercompari-
son exercises on trace organic compounds for over 20
years as part of its contribution to IAEA's Analytical
Quality Control Service, UNEP's Regional Seas Pro-
gramme, and, occasionally, in association with the
Intergovernmental Oceanographic Commission of
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UNESCO. These exercises are organised on a contin-
uous basis, at least once per year, to assist the labora-
tories of member states and regional collaborative pro-
grammes with a pro¢ciency-testing scheme [ 3,4 ].

On a global scale, the persistent organic pollutants
which bioaccumulate and transfer in the food chain are
of particular environmental concern. Some of these
persistent xenobiotic compounds are endocrine dis-
rupters and carcinogens and their surveillance in
food and environment is thus a priority [ 5 ]. In this
report we evaluate the results of the IAEA^UNEP^
IOC intercomparison exercise for the chemical analy-
sis of organochlorine compounds and petroleum
hydrocarbons in a homogenised Fucus sample
( IAEA-140) prepared and distributed to laboratories
worldwide in 1995^1996.

2. Organisation of the intercomparison
exercise

2.1. Scope of the intercomparison

The main aim of the exercise was to test the com-
parability of analytical results reported for the same
material by laboratories worldwide. For the organo-
chlorine part of this exercise the participants were
requested to determine as many compounds as possi-
ble, including HCB, lindane, p,pP-DDE, p,pP-DDD,
p,pP-DDT, Aroclor 1254, and Aroclor 1260. The par-
ticipants were also asked to report the polychlorobi-
phenyls (PCBs) as individual congeners whenever
possible. For the petroleum hydrocarbon part of this
exercise, the participants were requested to report indi-
vidual aliphatics, such as n-C17, n-C18, pristane, phy-
tane, the total resolved and unresolved aliphatics, and
all individual aromatic compounds that could be iden-
ti¢ed. The IAEA, however, also encouraged the
reporting on any additional compounds of interest to
participants.

2.2. Preparation of the sample material

The common brown seaweed, Fucus spp., was
selected as sample material. A large quantity was
obtained on the coast of Normandy, France, through
a local supplier. The Fucus sample was freeze-dried
under a vacuum of 0.1 Torr and then micronised.
About 15 kg of powder with a particle size of less
than 40 Wm was prepared. The powder was further
homogenised by mixing in a stainless steel rotating
drum for 1 week. After checking for the homogeneity

of the sample material, aliquots of about 35 g were
packed into glass bottles with aluminium screw caps
and sealed with Te£on tape.

2.3. Homogeneity test

The homogeneity of the material for organochlorine
compounds and petroleum hydrocarbons was assessed
by determining the concentrations of several com-
pounds (chlorinated pesticides and petroleum hydro-
carbons ) in 10 sample aliquots taken randomly from
the bulk of the powder. A one-way variance analysis of
the results indicated that the material could be consid-
ered homogeneous at P6 0.05, and thus was suitable
for use as an intercomparison sample.

2.4. Moisture content

The water content of the lyophilised material ( as
determined by drying to a constant weight at 105³C)
was found to be 13 þ 1% at the time of packing. Since
the moisture content may change with the ambient
humidity and temperature, it was recommended that
the water content of this material should be determined
in a separate sub-sample (not that taken for analysis )
by drying for 48 h at 105³C at the time of analysis in
the laboratory.

2.5. Sample dispatch and data return

From July to December 1995, 200 bottles of Fucus
powder labelled IAEA-140 were distributed to labo-
ratories worldwide along with a sample description
and general instructions to analysts.

Participants were requested to analyse chlorinated
compounds and petroleum hydrocarbons by their
usual techniques. They were also requested to make
preferably three separate determinations for each
compound, and to report the results together with a
short description of the method used (extraction,
clean-up, gas chromatographic conditions ). A suitable
form was attached to the information sheet for this
purpose.

It was stated that concentrations were to be reported
as net values ( i.e., after correcting for blank, moisture
content, etc. ), leaving as many signi¢cant ¢gures as
were justi¢ed by the precision of the method used. For
each group of compounds the participants were
requested to report:

1. the average weight of the sample taken for anal-
yses;
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2. hexane extractable organic matter and moisture
content;

3. the methods used to con¢rm the identity of the
compounds;

4. the calculation of the results;

5. a summary of the quality control procedures
employed routinely within the laboratory;

6. the arithmetic mean value and the relative stand-
ard deviations ( in %) of the determinations.

2.6. Statistical treatment of data

In the report, each laboratory is represented by a
code number, disclosed only to the participant labora-
tory, so that anonymity is preserved. Upon reception
of the laboratory reports, the results were compiled by
analyte. For each analyte data set, the range of deter-
minations, arithmetic mean, and standard deviation
were computed using the laboratory means. Outliers
were then removed using the box-and-whisker plot of
Statgraphics 5.0, and the range, median, mean, and
standard deviation recalculated. The median concen-
tration was retained as the more robust estimate of the
true concentration of the analyte, affected by the cor-
responding 95% con¢dence interval.

2.7. Assignment of `reference values'

When the independent results reported by the labo-
ratories are suf¢ciently grouped, the average concen-
tration values can be computed and retained as con-
sensus reference values. The criteria used in the

Table 1
Criteria adopted to assess the quality of the consensus values
of analyte determinations

1. For a given concentration range the relative uncertainty
of the overall median does not exceed the following lim-
its:
Chlorinated pesticides and PCBs:
s 10 ng /g 30%
1^10 ng /g 50%
0.1^1 ng /g 60%
0.01^0.1 ng /g 80%
6 0.01 ng /g 100%
Petroleum hydrocarbons:
s 10 000 ng /g 30%
1000^10 000 ng /g 50%
100^1000 ng /g 60%
10^100 ng /g 80%
6 10 ng /g 100%

2. The overall mean is based on data obtained by at least
two different methods.

3. The relative number of laboratory means rejected as
outliers does not exceed (a) 20%, ( b) 50%.

4. The overall mean is calculated on the basis of at least the
following number of laboratory means: (a) 10, ( b ) 5.

Table 2
Assigned reference concentration values for chlorinated pesticides (ng /g dry weight ) and Aroclors in IAEA-140 sample (Fucus )

Analyte Concentrationa Con¢dence intervalb Nc Class

HCB 1.3 0.35^3.3 30 C
K-HCH 1.4 1.3^1.5 9 C
L-HCH 4.6 2.4^9.5 8 B
Lindane 11 5.4^16 52 C
p,pP-DDE 1.2 0.86^1.6 31 B
p,pP-DDD 0.72 0.61^0.9 24 B
p,pP-DDT 2.2 1.4^3.6 29 B
Heptachlor 3 0.99^4.4 12 C
Heptachlor epoxide 0.79 0.32^1.38 8 C
Aldrin 0.76 0.5^4.5 15 C
Dieldrin 1.7 0.72^2.8 23 A
Endrin 0.71 0.43^1.6 9 C
K-Endosulfan 0.9 0.58^4.36 14 C
K-Chlordane 1.4 0.36^2.8 8 C
Aroclor 1254 25 12^41 23 C
Aroclor 1260 12 1.9^13 14 C

aMedian value expressed on a dry weight basis.
b95% con¢dence intervals of the median.
cNumber of accepted laboratory means which were used for calculation of the recommended information values and con¢dence
intervals.
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determination of these values are indicated in Table 1.
On the basis of these criteria the following classes of
reference values can be de¢ned.

2.8. Z-scores and Youden plots

For the assessment of laboratory performance, a Z-
score is calculated according to the formula:

Z � �xi3xa�=sb �1�

where xi is the robust mean of the reported values of
the analyte concentration in the sample; xa is the
assigned value (a mean value of the acceptable results
in the world-wide intercomparison run); and sb is the
target standard deviation.

The Z-score effectively expresses the difference
between the robust mean of the laboratory and the
assigned value, in units sb. Performance is considered

acceptable if MZM92. The measurement is regarded as
out of control when MZMs 3. This score represents a
simple method of giving each participant a normalised
performance score for bias. The procedure has been
accepted as a standard by ISO^IUPAC [ 1].

The selection of the right target value, sb, depends
on the monitoring objectives. The criteria for PCB
congeners is usually set so that laboratories should
have at least a relative bias equal to or better than
25% (2sb, sb = 12.5%).

For chlorinated pesticides, PCBs, and petroleum
hydrocarbons, the uncertainty of assigned values is
substantial and has to be taken into account. This
should, therefore, be included in the target value for
bias, according to the formula:

Z � �xi3xa�=�s2
b � s2

tu�0:5 �2�

where sb is the target standard deviation and stu is the
uncertainty of the assigned value.

Youden plots are useful tools for the interpretation
of intercomparison data when two samples of different
concentrations have been analysed by the participants
[ 6 ]. Many of the participants in this exercise had also
analysed the sample IAEA-142 ( mussel tissue homo-

Table 3
Assigned reference concentration values for PCB congeners (ng /g dry weight ) in the IAEA-140 sample (Fucus )

Analyte ( IUPAC congener number) Concentrationa Con¢dence intervalb Nc Class

18 1.5 1.2^1.9 4 C
28 1.7 1.3^2.5 17 A
31 1.8 1.7^2.05 5 B
44 2 1.85^2.12 4 C
49 1.6 1.1^1.9 6 B
52 3.8 2.6^4.9 24 A
66 0.89 0.65^1.14 4 C
70 1.8 1.1^4.03 4 C
77 0.19 0.035^6.86 4 C
87 1.6 1.2^2 4 C
99 0.9 0.75^1.4 4 C
101 2.4 1.9^3.2 24 A
105 0.49 0.4^0.7 13 A
118 1 0.97^1.05 10 B
138 1.7 1.2^2.6 24 A
149 1.2 1.13^1.6 6 B
153 1.7 1.25^3.3 27 A
156 0.17 0.075^0.36 7 B
170 0.21 0.16^0.76 7 C
180 0.43 0.38^0.52 17 B
187 0.38 0.3^1.2 4 C

aMedian value expressed on a dry-weight basis.
b95% con¢dence intervals of the median.
cNumber of accepted laboratory means which were used for calculation of the recommended information values and con¢dence
intervals.

Class A: when all criteria are met.
Class B: when criteria 1, 2, 3( b), 4 (a) or 1, 2, 3(a), 4 ( b) are

met.
Class C: ( information values) when at least three laborato-

ries give results in reasonable agreement.
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genate ) for the same compounds. A graph for each
determinand (Youden plot ) is constructed by plotting
the results obtained for the ¢rst sample against the
results obtained for the second sample by each partic-
ipant. This means that each participant is represented
by one point on the graph. The intersection of parallels
to the axes drawn from the assigned concentrations is
the `target point'. The participant's point will be posi-
tioned at the target point if the results obtained by that
participant in the analyses of both samples are exact.
The better the determination, the closer will be the
participant's point to the target. Performance will be
considered acceptable if points are situated in the area
( box) delimited by Z = þ 2 for both samples. Points
falling outside the box of acceptable precision indicate
that the results are out of control. More interesting is
the possibility of identifying whether poor perform-
ance results from systematic or random errors. Points
falling in quadrants I and III may indicate systematic
errors related either to calibration or blank determina-
tion. Points in quadrants II and IV indicate random
errors and their correction often requires a re-exami-
nation of the whole procedure.

3. Results

Results of analyses were reported by 80 laboratories
from 51 countries. These results were presented exten-
sively in the IAEA Report IAEA /AL /140, available
cost-free from the IAEA [ 7 ]. An overview of the
results is presented here.

3.1. Analytical methods employed

Data on organochlorine pesticides were reported by
63 laboratories, of which 35 also analysed the sample
for PCBs. In the pretreatment of the sample for orga-
nochlorine analyses, the instrument most commonly
used was the Soxhlet extractor (57%), followed by the
ultrasonic bath (11%). Most of the laboratories used
hexane as extraction solvent (44%), or hexane-based
mixtures of acetone, acetonitrile or dichloromethane
(28%). Most of the laboratories (68%) used an inter-
nal standard to quantify the chemical yield, and a
clean-up procedure based on Florisil column, treat-
ment with H2SO4, gel permeation or other method,
but still 13% did not use any clean-up step. The ana-
lytical instrument most used by most of the laborato-
ries (90%) was the gas chromatograph equipped with a
capillary column, with electron capture detector (GC^
ECD). As the con¢rmation procedure most of the lab-

Fig. 1. Concentration values reported by individual labo-
ratories (symbols) and the assigned reference value
(solid line) and 95% con¢dence interval (dotted lines)
for sample IAEA-140. Several of UNEP's Regional Seas
Programmes are identi¢ed with different symbols. Key: a,
World; O, MEDPOL; P, ROPME; E, Black Sea.
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oratories used the standard relative retention times
(62%), some used injection in two columns of differ-
ent polarity (17%), and only a few used GC^MS
(14%).

Data on petroleum hydrocarbons were provided by
38 laboratories. In the sample treatment, Soxhlet
extraction was used by most of the laboratories
(67%), followed by ultrasonication (11%). As sol-
vent, most of the laboratories used mixtures of hexane
and dichloromethane (28%), followed (20%) by
methanol. In most of the cases internal standards
were used (58%), as well as clean-up (64%) and frac-
tionation (83%) procedures. The analytical instru-
ments of choice were gas chromatograph with £ame
ionisation detector (GC^FID) (48%), and gas chro-
matograph with mass selective detector (GC^MSD)
(23%). As con¢rmation method, 44% of the laborato-
ries applied GC^MS, whereas 36% used standard rel-
ative retention time, and 17% used no con¢rmation
procedure.

3.2. Statistical evaluation of results

The data sets reported by the laboratories were
treated as described above. The median values of ana-
lyte concentrations, which are the best estimates of the
true concentrations, are shown in Tables 2^4.

The distribution of laboratory means for selected
analytes is shown graphically in Fig. 1. In these exam-
ples, the horizontal lines on the ¢gures indicate the
median values and the 95% con¢dence intervals of
the median. Outliers have been removed from these
graphs. These ¢gures also identify monitoring labora-
tories with UNEP's Regional Seas Programme.

3.3. Z-scores and Youden plots

The performance of the laboratories in terms of
accuracy was assessed by Z-scores which have been
calculated for each individual compound. The Z-
scores are presented in Fig. 2 for a selection of com-
pounds. Outliers are excluded in the graphical presen-
tations. The general impression is that a large number
of the laboratories have achieved satisfactory perform-
ance. However, it should be emphasised that this is
basically owing to the substantial uncertainty, which
resulted in broad con¢dence intervals. In general, the
laboratory performances are distributed around the
mean in a balanced manner. For some compounds
the distribution is skewed either towards high values
or towards low values, denoting results that are likely
to be biased by wrong calibration or blank problems.

In the case of laboratory participants in both IAEA-
142 ( mussel tissue ) and IAEA-140 (Fucus ), it was
possible to compare the data submitted by using the
Youden plots. These plots were used extensively [ 7 ].
One example, for benzo[a ]pyrene, is shown in Fig. 3.

4. Discussion

4.1. Organochlorine compounds

The number of laboratories reporting more than
50% of outlier data is relatively high: 16 out of 63
for chlorinated pesticides and two out of 35 for
PCBs. The coef¢cients of variation (CV) for chlori-
nated pesticides varied from 12 to 130%, while for
individual PCB congeners it varied from 5 to 160%
(after the removal of outliers ). These results, when
compared to those of exercises organised in previous
years (e.g., IAEA-357, IAEA-351, and IAEA-142),
show that the CVs have not substantially improved
for chlorinated pesticides and PCBs over the years.

Evaluation of the methods described by the labora-
tories indicates that poor analytical results are associ-
ated with a variety of causes, including unsuitable
extraction and clean-up procedures, erroneous calibra-
tion, and poor optimisation of chromatographic con-
ditions.

In the extraction and clean-up steps, the participants
used a wide range of extraction procedures, which
have generally been described as appropriate in the
literature. However, the most dif¢cult part of this exer-
cise was connected with the presence in the sample of
plant pigments which can be a problem when using
clean-up and fractionation techniques. The quantity of
sample to be extracted should be high enough to per-
mit the quanti¢cation of the compounds of interest but
not too high to allow a good separation on Florisil
without interference from the plant pigments. Further-
more, some of the laboratories reporting more than
50% outliers used no clean-up ( two laboratories ) or
fractionation procedures ( three laboratories ).

It is also essential to use internal standards in order
to allow for the determination of the recovery yield of
the complete analytical protocol. Internal standards
should be added at the beginning of the procedure.
The compounds chosen should not interfere with the
compounds to be quanti¢ed and their behaviour
should be similar to the compounds to be quanti¢ed.
Since the chlorinated pesticides and PCBs are nor-
mally separated into fractions, it is essential to add at
least one standard per fraction. This enables accurate
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correction of the results for the yield of recovery.
However, among the 10 laboratories reporting more
than 50% outliers, four did not use any internal stand-
ard for chlorinated pesticides, and one laboratory did
not use it for PCBs.

Optimisation, and good control of the chromato-
graphic conditions, is an extremely important part of
the analytical protocol. The best way to quantify
chlorinated pesticides and PCBs is by using splitless
or on-column injectors. The use of the split injection
technique should be avoided if it is not properly opti-
mised. To avoid poor separation of chromatographic

peaks, a capillary column of proper length and a good
carrier gas, such as helium or hydrogen, should be
used. Of course, the use of a packed column is not
recommended. Four laboratories among those report-
ing more than 50% outliers are still using packed col-
umns. Furthermore, many laboratories do not yet use
compound con¢rmation by GC^MS, and rely mainly
on the standard relative retention time as the peak-
identi¢cation method.

Very often, laboratories have problems with non-
analytical errors that are related to transcription of
results, miscalculation, and /or mis-manipulation. It

Table 4
Assigned reference concentration values for petroleum hydrocarbons (dry-weight basis ) in the IAEA-140 sample (Fucus )

Analyte Concentrationa Con¢dence intervalb Units Nc Class

UVF chrysene equivalentd 3.5 1.2^5.4 Wg /g 8 C
UVF ROPME oile 29 11^39 Wg /g 8 C
Total aliphatics 27 25^42 Wg /g 9 B
Resolved aliphatics 13 6.4^24 Wg /g 16 C
Unresolved aliphatics 26 12^48 Wg /g 8 C
n-C17 890 300^1,300 ng /g 19 B
Pristane 50 15^69 ng /g 10 B
n-C18 99 45^137 ng /g 15 A
Phytane 56 25^101 ng /g 13 A
4n-alkanes (C14^C34) 11 5.6^21 Wg /g 18 A
Total aromatics 5.8 0.75^16 Wg /g 8 C
Resolved aromatics 0.35 0.15^0.5 Wg /g 8 C
Unresolved aromatics 8.1 3.9^17 Wg /g 4 C
Phenanthrene 76 40^113 ng /g 28 A
2-Methylphenanthrene 19 15^40 ng /g 10 A
1-Methylphenanthrene 11 9^14 ng /g 11 A
Anthracene 14 4^93 ng /g 11 A
Chrysene 40 25^49 ng /g 27 A
Fluorene 6.5 4.6^1,600 ng /g 7 C
Fluoranthene 88 57^110 ng /g 23 B
Pyrene 67 46^79 ng /g 24 B
Benzo[ b ]£uoranthene 36.5 33^37 ng /g 6 C
Benzo[k ]£uoranthene 19 15^27 ng /g 8 B
Benz[a ]anthracene 25 14^32 ng /g 23 A
Perylene 5 2.7^9.8 ng /g 4 C
Benzo[e ]pyrene 26 19^33 ng /g 10 B
Benzo[a ]pyrene 20 16^22 ng /g 15 B
1-Methylnaphthalene 13 6.5^15 ng /g 4 C
2-Methylnaphthalene 16 9^23 ng /g 4 C
Naphthalene 17 9^43 ng /g 14 A
Benzo[ghi ]perylene 20 17^35 ng /g 15 B
Indeno[ 123cd ]pyrene 33 20^53 ng /g 10 A
Dibenz[ah ]anthracene 4.5 2.6^160 ng /g 6 C
Acenaphthene 3.4 3.3^7 ng /g 3 C

aMedian value expressed on a dry-weight basis.
b95% con¢dence intervals of the median.
cNumber of accepted laboratory means which were used for calculation of the recommended information values and con¢dence
intervals.
dPH-chrysene equivalent is a UVF measurement relative to that of standard chrysene.
ePH-ROPME oil is a UVF measurement relative to that of ROPME (Kuwait ) crude oil.
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is strongly recommended that before laboratories sub-
mit their data, a careful cross-check should be applied.

4.2. Petroleum hydrocarbons

In total, 38 laboratories provided data for petroleum
hydrocarbons. The percentage of laboratories with
more than 50% outlier data is only 8% (against 10%
for the previous exercise, IAEA-142). The CV
obtained (11^160%) is about the same as in the pre-
vious exercise. Although an improvement has been
obtained for the determination of PAHs, 62% of
reported compounds still have a CV lower that 50%.

The comments made for results for chlorinated
compounds, and the possible causes of errors, also
apply for petroleum hydrocarbons. It is necessary to
use internal standards, clean-up and fractionation pro-
cedures and, of course, to use hydrogen ^ or at least
helium ^ as the carrier gas. For the ¢rst time in this kind
of exercise, one laboratory used supercritical £uid
extraction for petroleum hydrocarbons.

5. Conclusions

The participants were recommended to review their
data and `score' them by evaluating whether the mean

Fig. 3. Youden plot of laboratory results obtained in the
analyses of two intercomparison samples, IAEA-140
(Fucus ) and IAEA-142 ( mussel tissue homogenate).
The numbers are the laboratory code numbers. Concen-
trations in ng /g (dry weight ).

6

Fig. 2. Z-scores of the laboratories for a selection of com-
pounds in the IAEA-140 sample.
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value obtained for each compound has a MZM value
lower or higher than 2. This range is, of course, arbi-
trary and is only presented as a simple guideline for the
user. The precision required for data depends upon its
¢nal application, e.g., long-term-trend data must be
more precise than those used for `hot spot' pollution
monitoring. Nevertheless, the use of this guide ¢gure
will help to detect and correct systematic errors in
accuracy (e.g., from calibration errors, contamination,
or erroneous use of separation protocols ) and will help
to optimise data quality [ 7 ].

The results obtained by the laboratories worldwide
with sample IAEA-140 show that there are widespread
dif¢culties in analysing accurately a large number of
common organic contaminants, such as HCB, lindane,
Aroclor or £uoranthene. Although, compared with the
results of previous exercises, there has been some
progress in the accuracy, the overall performance is
not yet satisfactory. Some laboratories still have to
improve their quality assurance and quality control
procedures. Intercomparison exercises represent
only one aspect of data quality assurance. The most
valuable approach to quality assurance is through the
regular analysis of certi¢ed reference materials and by
plotting the resulting data on quality control charts and
using Youden plots [ 7^10 ].

Through statistical treatment of the data reported,
the sample material IAEA-140 used in this intercom-
parison exercise could be characterised for a number
of contaminants. The reference values computed and
indicated herein are certainly of interest to the ana-
lysts. Nevertheless, for many analytes the errors asso-
ciated with the mean values are still very large, and not
always as useful as we would need to constrain the
uncertainties of analyte concentrations in environ-
mental samples. Traceability, also, is not ensured
since the majority of the laboratories, although adopt-
ing some quality assurance measures, did not concur-
rently analyse other CRMs [ 11]. Nevertheless, this
sample is still suitable for checking the accuracy of
analytical measurements when sea plants from pol-
luted and unpolluted coastal areas are to be analysed
for petroleum hydrocarbons and chlorinated com-

pounds. Moreover, this sample material, now avail-
able from the IAEA, extends the range of concentra-
tions and matrices currently available for quality con-
trol purposes.
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TrAC on the Internet
The Internet Column articles of TrAC can also be found on the Web. If you have a browser, to access the TrAC
column on the Web simply point to:

http: / /www.elsevier.nl / locate / trac
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